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ITU-T Draft Recommendation G.etna

Ethernet over Transport Network Architecture (ETNA)

	Document history

	Issue
	Notes

	0.1.0
	Third version, 13 October 2002: new structure (based on I.326/G.872 structures), initial description of Ethernet MAC (including VLAN) and PHY layer network architectures and service management. Three annexes will provide network service specifications (Ethernet private line, private LAN and virtual private line/LAN).  Initial list of XYZ layer network requirements,

	0.0.1
	Second version, August 2002: included are in section 6 Ethernet over ODU2, Ethernet over hybrid SDH/OTN network, (appendix III) effective MAC bit rates

	0.0
	Initial version, May 2002


1 Scope

This recommendation defines a common architecture supporting multiple Ethernet services. The annexes present the application of these services using this architecture.
2 References

The following Recommendations and other references contain provisions which, through reference in this text, constitute provisions of this Recommendation. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; all users of this Recommendation are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published.

· ITU-T G.707 (2003), Network node interface for the Synchronous Digital Hierarchy (SDH).
· ITU-T G.709 (2001), Interfaces for the optical transport network (OTN). 

· ITU-T G.805 (2001), Generic functional architecture of transport networks.
· ITU-T G.cls (), Functional architecture of connectionless layer networks.
· ITU-T G.7041 (2001), Generic Framing Procedure (GFP).
· ITU-T G.7042 (2001), Link Capacity Adjustment Scheme (LCAS) for Virtual Concatenated signals.
· IEEE 802-2001, IEEE Standard for Local and Metropolitan Area Networks: Overview and Architecture.
· IEEE 802.1D (1998), IEEE Standard for Information technology - Telecommunications and information exchange between systems - IEEE standard for local and metropolitan area networks - Common specifications - Media Access Control (MAC) Bridges.
· IEEE 802.1Q (1998), IEEE standard for local and metropolitan area networks: Virtual Bridged Local Area Networks.
· IEEE 802.3-2002, IEEE Standard for Information technology - Telecommunications and information exchange between systems - IEEE standard for local and metropolitan area networks - Specific requirements – Part 3: Carrier Sense Multiple Access with Collision Detection (CSMA/CD) Access Method and Physical Layer Specifications.
3 Terms and definitions

This Recommendation defines the following terms:

3.1 Private: xxx 

3.2 Virtual Private: xxx 

3.3 xxx: xxx 

4 Acronyms and abbreviations

This Recommendation uses the following abbreviations:

AP
Access Point

ETH
Ethernet MAC layer network

ETYn
Ethernet PHY layer network or order n

FD
Flow domain

FDF
Flow Domain Flow

FP
Flow Point

FT
Flow Termination

GFP
Generic Framing Procedure

LCAS
Link Capacity Adjustment Scheme

LF
Link Flow

MAC
Media Access Control

NF
Network Flow

PHY
Physical

TFP
Termination Flow Point

5 Conventions

6 Transport functional architecture of Ethernet networks

6.1 General

The functional architecture of Ethernet transport networksXE "functional architecture of ATM transport networks" is described using the generic rules defined in Recommendations G.805 and G.cls. The specific aspects regarding the characteristic information, client/server associations, the topology, the connection supervision, multipoint capabilities and partitioning of Ethernet transport networks are provided in this Recommendation. This Recommendation uses the terminology and functional architecture and diagrammatic conventions defined in Recommendations G.805 and G.cls.

In an Ethernet network a single level of multiplexing is provided. The Destination MAC address field is re-used to perform this multiplexing function. 

6.2 Ethernet Network layered structure

Two layer networks are defined in the Ethernet transport network architecture:

•
Ethernet MAC (ETH) Layer Network.

•
Ethernet PHY (ETY) Layer Network.

The ETH layer network is a path layer network. The ETY layer network is a section layer network. The ETH layer network characteristic information can be transported through ETH links supported by trails in the ETY layer network and other path layer networks (e.g. SDH VC-n, OTN ODUk).

6.3 Ethernet MAC (ETH) layer network

The ETH layer network provides the transport of adapted information through an ETH connection-less trail between ETH access points. The adapted information is a (non-)continuous flow of 46-1500 (9600?) octets of client data plus 2 octets of Length/Type. The ETH layer network characteristic information (6.3.1) is a (non-)continuous flow of adapted information extended with ETH address information, zero or more tags and ETH Frame Check Sequence (FCS). 

{editor’s note – will G.etna include jumbo frames? Is there a standardised definition of jumbo frames?}
The ETH layer network contains the following transport processing functions, transport entities and topological components (see Figure 1):


ETH connection-less trail


ETH flow termination source (ETH_FT_So)


ETH flow termination sink (ETH_FT_Sk) 


ETH network flow (NF)


ETH link flow (LF)


ETH flow domain flow (FDF)


ETH flow domain (FD)


ETH link

Note -
Draft Rec. G.cls currently defines "flow" as the equivalent to "network connection", "subnetwork connection" and "link connection". In this contribution "flow" is used as equivalent to "connection", while "network flow", "flow domain flow" and "link flow" are used to refer to a flow within a topological component.
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Figure 1/G.etna

ETH layer network example (unicast flow)

{editor’s note – to be added is an Ethernet subscriber conditioning function. This function is located between the access link and the ETH_FD at the edge of the network. This function will form a compound adaptation function with the ETYn/ETH adaptation function.}
6.3.1 ETH Characteristic Information

The ETH layer network characteristic information is a (non-)continuous of flow of ETH_CI frames.

The ETH_CI frame formats are depicted in Figure 2. The ETH_CI frame is either

· the basic IEEE 802.3 MAC frame, or 

· the IEEE 802.3 MAC frame extended with one tag (customer tag or network/provider tag)

{editor’s note – under study is a 3rd frame format:

· the 802.3 MAC frame extended with two tags (customer tag and network/provider tag).} 
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Figure 2/G.etna

ETH Characteristic Information frame format

{Editor’s note – under study is the 3rd frame format of a double tagged MAC frame as depicted below:
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Note - The Preamble (PA) and Start-of-Frame Delimiter (SFD) are considered part of the MAC frame (IEEE 802.3, clause 3). In the layer network model, this PA/SFD is associated with the ETH link, not with the ETH characteristic information. MAC frames are furthermore separated by an "Inter Frame Gap (IFG)" of at least 96 [40] bits (12 [5] bytes) plus the PA/SFD of 8 bytes for case of 10M to 1G [10G].

The customer tag is a tag added to the MAC frame by the customer (outside the network). It is either a priority tag, or a VLAN tag as specified in IEEE 802.1Q with a 16-bit Protocol ID (EtherType) of 0x8100.

The provider tag is added to the MAC frame by the network. 

{Editor’s note – under study is the provider tag added to a tagged MAC frame resulting in a double tagged MAC frame. Refer to work in progress in MEF on Ethernet Multiplex Function (EMF) User to Network Interface (UNI) and Ethernet Interworking NNI.}
The ETH_CI frame may be a unicast, multicast or broadcast frame as identified by the MAC Destination Address (IEEE 802, clause 9).

The 3-bit Priority field of the tags transports ETH Class of Service (CoS) and ETH Dropping Precedence (DP) information. {Editor’s note – the use of this 3-bit priority field as CoS and DP fields is under study.}
6.3.2 ETH Topological Components

The ETH topological components are:

· ETH Layer Network

· ETH Flow Domain

· ETH Link

· ETH Access Group

The ETH layer network can be partitioned into one or more ETH Flow Domains interconnected by ETH Links.

6.3.2.1 ETH Flow Domain connectivity

In general an ETH Flow Domain provides broadcast connectivity; i.e. a MAC frame received via an ETH Flow Point from one of the connected ETH Links will be forwarded to the equivalent ETH Flow Points on all other connected ETH Links.

By means of ETH network management or ETH control plane actions, connectivity for a particular ETH Flow Point can be restricted.

· For the case of unicast ETH Flow Points, MAC learning prunes the original broadcast connectivity in the ETH Flow Domain. This is illustrated in Figure 3 for the case of unicast ETH Flow Point ‘X’. Before MAC address ‘X’ learning the MAC address is unknown. Once the ETH Flow Domain has learned that address ‘X’ is reachable through e.g. ETH Link C, the MAC address is known and the connectivity in the ETH Flow Domain for ETH Flow Points ‘X’ is reduced.
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Figure 3/G.etna

 Unicast connectivity in ETH_C function

· For the case of multicast ETH Flow Points, the Static Filtering Entries and Group Registration Entries for “All Group Addresses” and “All Unregistered Group Addresses” control the default connectivity (refer to IEEE 802.1D, section 7) for an unknown multicast address: either the general broadcast connectivity, or no connectivity. 

For the former case, the GARP Multicast Registration Protocol (GMRP, IEEE 802.1Q) prunes the original broadcast connectivity in the ETH Flow Domain. For the latter case, GMRP establishes the multicast connectivity. 

This is illustrated in Figure 4. When the multicast MAC address ‘Y’ is registered through GMRP, the MAC address Y is known and the connectivity in the ETH Flow Domain for ETH Flow Points ‘Y’ is either reduced (top left ( right), or added (bottom left ( right).
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Figure 4/G.etna

Multicast connectivity in ETH_C function

Figure 4 (left) includes two flavours of multicast. The connectivity represented by the solid lines will be used by distribution services (e.g. video distribution); a source located behind e.g. Link D [or B] will see its information forwarded to subscribers reachable through Links A and C. The dashed lines represent the second flavour, in which a conference service (e.g. video conference) is provided among the multicast participants. Multicast sources are now the subscribers, not an external distribution service point.

· For the case of the broadcast ETH Flow Point, no changes will occur to the connectivity. It will always be broadcast (see Figure 5).
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Figure 5/G.etna

Broadcast connectivity in ETH_C function

The smallest ETH Flow Domain is the ETH "Bridge" function.

6.3.3 ETH Transport Entities

The ETH transport entities are:

· ETH Link Flow

· ETH Flow Domain Flow

· ETH Network Flow

· ETH connection-less trail 

6.3.4 ETH Transport Processing functions

The ETH transport processing functions are:

· ETH flow termination function

· ETH to client layer network adaptation functions

6.3.4.1 ETH flow termination

The bi-directional ETH flow termination (ETH_FT) function is performed by a co-located pair of source and sink ETH flow termination functions.

The ETH_FT_So function inserts Destination and Source MAC addresses and generates the Frame Check Sequence. The Destination address may be received from a client layer. {WD12: In the source direction, the upper layer should pass the destination address to the Eth_T block. The way it is determined (e.g. ARP) is not part of the Eth_T atomic function as it is client-dependent.}
The ETH_FT_Sk terminates Destination and Source MAC addresses and Frame Check Sequence. These addresses may be forwarded to a client layer. {WD12: In the sink direction, the Eth_T should pass the source address to the upper layer that needs to know whom to reply. It should also pass the destination address because some upper layer protocols (e.g. IP multicast) use it: it can be either one of the unicast MAC addresses of the node or a multicast MAC address to which the node is participating or the broadcast MAC address.}
6.3.5 ETH Reference Points

The ETH reference points (Figure 1) are:

· ETH Access Point (AP)

· ETH Termination Flow Point (TFP)

· ETH Flow Point (FP).

6.3.5.1 ETH Termination Flow Point

to be added
6.3.5.2 ETH Flow Point

An ETH Link connects to an ETH Flow Domain via 248 ETH Flow Points, representing the total set of MAC Destination Addresses. These flow points are provided through the Server/ETH adaptation function.
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Figure 6/G.etna

ETH Flow Points (FP) between ETH Links and ETH Flow Domain

The set of 248 MAC addresses is divided into two main subsets (IEEE 802):

· 247 individual MAC addresses (referred to as unicast)

· 247 group MAC addresses (referred to as multicast).

One of the group MAC addresses is defined as a

· broadcast MAC address.

The set of ETH Flow Points can be divided into three subsets based on the MAC address types (see Figures 7 and 8). ETH Flow Domains may treat these ETH Flow Point subsets differently with respect to connectivity provided.
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Figure 7/G.etna

ETH_FPs on an ETH Flow Domain
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Figure 8/G.etna

ETH_FPs on a Server/ETH adaptation function

VLANs partition ETH Flow Domains (see 6.3.6) and ETH Links into one or more component Flow Domains and component links
. Each VLAN in the ETH layer network adds one set of ETH component Links and one set of ETH component Flow Domains (within a subset of ETH Links and Flow Domains). 

An example with one flow domain and two links is presented in Figure 9. Three VLANs are present, which are represented by their ETH component links and component flow domains (numbered 1,2 and 3). Each ETH component Link supports the full set of 248 ETH Flow Points and those ETH Flow Points connect to the associated ETH component Flow Domain (i.e. component Links “i” are connected to component Flow Domain “i”).
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Figure 9/G.etna

ETH Flow Points between ETH component Links and ETH component Flow Domain

NOTE 1 – In general, an ETH component flow domain and associated ETH component links will only see a subset of all ETH flow points being active and those subsets typically will be non-overlapping with another component flow domain/link. There is however no guarantee that this will always be the case.

NOTE 2 – VLAN aware Bridges may use either Independent VLAN Learning (IVL), or Shared VLAN Learning (SVL), or a combination (IVL/SVL); refer to IEEE 802.1Q. When operating in SVL mode, overlapping active ETH flow point sets (i.e. ETH flow point X is active in two or more ETH component links within the ETH link) are not supported.

ETH Links containing VLAN based component links may include untagged MAC frames as well. The ETH Flow Points associated with the flows of untagged MAC frames can be considered to be part of an unnumbered ETH component Link which is connected to other unnumbered ETH component Links via an unnumbered ETH component Flow Domain. See Figure 10.
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Figure 10/G.etna

Numbered and unnumbered ETH component Links and Flow Domains

{Editor’s note – for the case of stacked VLANs (i.e. double tagged MAC frames) the flow points would be present as follows:

When an ETH Link contains stacked VLANs, the ETH Link is decomposed into ETH component Links. These ETH component Links are decomposed into lower level ETH component Links (numbered and unnumbered). However, only one level of components links is visible at the edge of the link and in the flow domain. The inner component links are hidden.
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Figure 11/G.etna

Stacking ETH component Links

There is as such only one set of 248 ETH Flow Points available per outer ETH component Link within an ETH Link. The inner ETH component Links map their output and input ports on this single set.}
6.3.6 ETH layer network partitioning

Subsets of ETH topological components can be allocated to specific users, creating ETH user group networks. Traffic within an ETH UGN is bound to that ETH UGN and will not cross over to another ETH UGN. This separation of user traffic provides necessary security.

{editor’s note – need better term for “UGN”}
The ETH layer network can be partitioned in ETH UGNs such that either

· two ETH UGNs do not have any components (flow domains, links, access groups) in common (spatial separation) (Figure 12), or
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Figure 12/G.etna

Spatially separated ETH UGNs

· flow domains and links are shared by multiple ETH UGNs and UGN separation is obtained via the allocation of component links and component flow domains to each UGN (logical separation) (Figure 13). 

The ETH layer network technology supporting this is the VLAN technology. MAC frames are extended with an additional network [provider] tag to identify the ETH UGN these frames belong to.
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Figure 13/G.etna

Logically separated ETH UGNs

NOTE - Spatially separated UGNs are referred to as “private”, while logically separated UGNs are referred to as “virtual private”.

6.3.6.1 ETH Flow Domain partitioning

An ETH component Flow Domain provides the same connectivity as an ETH Flow Domain in the layer network without VLANs (refer to 6.3.5.2).

6.3.6.2 ETH Link partitioning

An ETH component Link provides the same connectivity as an ETH Link in the layer network without VLANs (refer to 6.3.5.2).

6.4 Ethernet PHY (ETY) layer network

The ETYn layer network provides the transport of adapted ETH characteristic information through an ETYn trail between ETYn access points. The adapted information is a continuous bit stream with appropriate line encoding as specified in IEEE 802.3. The ETYn characteristic information is the physical section signal that will be transported over the medium (e.g. fiber, copper). The ETYn layer network contains the following transport processing functions, transport entities and topological components (see Figure 14):


ETYn trail


ETYn trail termination source (ETYn_TT_So)


ETYn trail termination sink (ETYn_TT_Sk)


ETYn network connection (NC)


ETYn link connection (LC)


ETYn link

{Editor's note - "n" in ETYn represents the different interface types. A possible coding can be 10Base: n=1, 100Base: n=2, 1000Base: n=3, 10GBase-R: n=4}
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Figure 14/G.etna

ETYn layer network example

{editor’s note – under study is the need to split the ETY3 layer network into two layer networks, one representing the creation of the logical 8B/10B coded stream and the other representing the pure physical aspects. Rationale is the ability to model the GFP-T mapping case for 1GE.}
{editor’s note – under study is the additional functionality associated with an EFM (802.3ah) interface currently under definition in IEEE}
6.4.1 ETH Characteristic Information

6.4.2 ETY Topological Components

The ETYn topological components are:

· ETYn Layer Network

· ETYn Link

· ETYn Access Group.

The ETYn Link Connection is supported by the medium (e.g. fiber, copper).

6.4.3 ETY Transport Entities

The ETYn transport entities are:

· ETYn Link Connection

· ETYn Network Connection

· ETYn Trail 

6.4.4 ETY Transport Processing functions

The ETYn transport processing functions are:

· ETYn Trail Termination function

· ETYn to ETH Adaptation function

6.4.4.1 ETY trail termination

The bi-directional ETYn trail termination (ETYn_TT) function is performed by a co-located pair of source and sink ETYn trail termination functions.

The ETYn_TT_So function performs the following processes between its input and its output: 

· … to be added e.g. PMA and PMD functionality in IEEE 802.3…
The ETT_TT_Sk function performs the following processes between its input and its output:

· … to be added e.g. PMA and PMD functionality in IEEE 802.3…
6.4.5 ETY Reference Points

The ETH reference points (Figure 14) are:

· ETH Access Point

· ETH Termination Connection Point.

6.5 Server/client associations

6.5.1 ETH/Client adaptation

The ETH/Client adaptation (ETH/Client_A) is considered to consist of two types of processes: client-specific processes and server-specific processes. The description of the client-specific processes is outside the scope of this Recommendation. 

The bi-directional ETH/Client adaptation (ETH/Client_A) function is performed by a co-located pair of source and sink ETH/Client adaptation functions.

The ETH/Client adaptation source (ETH/Client_A_So) performs the following server-specific processes between its input and its output:

· insert either the EtherType value, or the Length value in the Length/Type field

· … to be added … e.g. LLC, etc

The ETH/Client adaptation sink (ETH/Client_A_Sk) performs the following server-specific processes between its input and its output:

· … to be added …

6.5.2 Server/ETH adaptation

The Server/ETH adaptation function provides the ETH Link end functionality. 

The Server/ETH adaptation function is considered to consist of two types of processes: client-specific processes and server-specific processes. The client-specific processes are associated with the individual ETH_CI signals, which ingress/egress via the ETH_FPs. Those ETH_CI signals are multiplexed for and demultiplexed after transport over the ETH Link.
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Figure 15/G.etna

Server to ETH adaptation function for case of ETH link in spatially partitioned ETH network

When the ETH Link contains ETH component links, ETH_CI signals (and their associated ETH_FPs) are bound to a particular component link. Multiplexing/Demultiplexing is now functionally performed in two steps and the ETH_CI frames will contain an additional UGN identifier.

The ETH layer network technology provides the VLAN Identifier for this purpose. 
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Figure 16/G.etna

Server to ETH adaptation function for case of ETH link in logically partitioned ETH network

6.5.2.1 ETY/ETH adaptation

The bi-directional ETYn/ETH adaptation (ETYn/ETH_A) function is performed by a co-located pair of source and sink ETYn/ETH adaptation functions.

The ETYn/ETH adaptation source (ETYn/ETH_A_So) performs the following processes between its input and its output:

· insert Preamble (PA, 7 bytes with 0x55) and Start-of-Frame Delimiter (SFD, 0xD5)

· multiplex ETH flows from multiple ETH_FPs

· insert Inter Frame Gaps (IFG)

· perform line encoding (e.g. 4B5B, 8B/10B, 64B/66B)

· … more to be added … 

The ETYn/ETH adaptation sink (ETYn/ETH_A_Sk) performs the following processes between its input and its output:

· recover frame alignment

· perform line decoding (e.g. 4B5B, 8B/10B, 64B/66B)

· demultiplex ETH flows towards multiple ETH_FPs

· … more to be added … 

6.5.2.2 TP/ETH adaptation

The TP layer networks provide the transport of adapted ETH characteristic information through a TP trail between TP access points. The adapted information is a continuous bit stream with appropriate encapsulation and mapping as specified in e.g. Rec. G.7041, G.707, G.709. 

6.5.2.2.1 SDH path/ETH adaptation

The adaptation to the SDH VC-n path layer networks is performed in Sn/ETH, Sn-Xc/ETH and Sn-X/ETH adaptation (TP/ETH_A) functions. The TP/ETH_A is considered to consist of two types of processes: client-specific processes and server-specific processes. The description of the server-specific processes is outside the scope of this Recommendation. 

The bi-directional TP/ETH adaptation function is performed by a co-located pair of source and sink TP/ETH adaptation functions.

The TP/ETH adaptation source (TP/ETH_A_So) performs the following client-specific processes between its input and its output:

· multiplex Ethernet MAC frames

· encapsulate the Ethernet MAC frames

· perform rate adaptation of the encapsulated Ethernet MAC stream by inserting the encapsulation specific idles

· perform scrambling

· map the stream into the payload of the TP signal (e.g. VC-n/VC-n-Xv/VC-n-Xc).

· … more to be added … 

The TP/ETH adaptation sink (TP/ETH_A_Sk) performs the following client-specific processes between its input and its output(s):

· extract the encapsulated and mapped Ethernet stream from the payload of the TP signal

· perform frame alignment

· perform descrambling

· perform encapsulation related specific processes

· de-encapsulate Ethernet MAC frames

· demultiplex Ethernet MAC frame stream

· … more to be added … 

6.5.2.2.2 OTN path/ETH adaptation

The adaptation to the OTN ODUk path layer networks is performed in ODUkP/ETH and ODUk-X/ETH adaptation (TP/ETH_A) functions. The TP/ETH_A is considered to consist of two types of processes: client-specific processes and server-specific processes. The description of the server-specific processes is outside the scope of this Recommendation. 

The bi-directional TP/ETH adaptation function is performed by a co-located pair of source and sink TP/ETH adaptation functions.

The TP/ETH adaptation source (TP/ETH_A_So) performs the following client-specific processes between its input and its output:

· multiplex Ethernet MAC frames

· encapsulate the Ethernet MAC frame in a GFP frame as specified in Rec. G.7041, including the scrambling of the GFP Core Header and GFP Payload Area. 

· perform rate adaptation by inserting when necessary GFP Idles

· map the GFP stream into the payload of the TP signal (e.g. ODUk/ODUk-Xv) as specified in Recommendation G.709.

· … more to be added … 

The TP/ETH adaptation sink (TP/ETH_A_Sk) performs the following client-specific processes between its input and its output:

· extract the GFP stream from the payload of the TP signal

· perform GFP frame alignment as specified in Rec. G.7041

· descramble GFP Payload Area information

· process Type HEC (tHEC) as specified in G.7041

· verify payload type (PTI)

· verify extension header type (EXI) 

· extract Ethernet MAC frame from GFP Payload Information field

· demultiplex Ethernet MAC frame stream

· … more to be added … 

6.5.2.3 XYZ/ETH adaptation

6.6 Ethernet network topology

6.6.1 Point-to-point connections

6.6.2 Point-to-multipoint connections

6.6.3 Multipoint connections

7 Ethernet network management
7.1 Generic Requirements

7.2 Ethernet layer network management requirements

7.3 Connection supervision techniques

7.4 Connection supervision applications

8 Ethernet service management
Service providers are demanding a simple service model for Ethernet over optical transport that fits their existing operational model. That is, the Ethernet private line service must be analogous to existing private line services, and more importantly must interface into existing management systems.

The business drivers for managed Ethernet are

· Manageability of the network 

· Management of the service offered to the customer

· Interconnection of billing/management data to carrier OSS systems

· …

8.1 Relationships

It is important to understand who is buying from whom. In these models it is assumed that the service being sold is an Ethernet private line between two enterprise customer end points.

The simplest model is shown in Figure 17: 
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Figure 17/G.etna

Single Service Provider

In the first example of this model, the customer – supplier relationship is between the enterprise and the service provider. That is, payment for service is from enterprise customer to service provider only. This is a retail only model.  

Since there are performance guarantees per a contract, there is a resulting service level agreement (SLA) between the demarcation points (demarc or UNI) as noted in Figure 17.  

The service provider provides mapping, connectivity and monitoring across his network.

The service path and SDH or OTN transport facility path are virtually identical – the SDH/OTN path starts just after service measurement.
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Figure 18/G.etna

Multiple Service Providers

Figure 18 introduces the reality that several carriers will be involved in the connection of an Ethernet private line service between two end points. In this case, the customer – supplier relationship is still between the enterprise and service provider, however, the service provider does not have physical presence at the service edges. However, the service provider is the retailer and holds the end to end contract with the enterprise customer. A service level agreement again guarantees customer edge to customer edge performance (UNI to UNI).

In order to complete the service offering, the service provider buys mapping/de-mapping functionality and SDH/OTN connectivity from a carrier with physical presence near the enterprise customer. The presence carriers wholesale their service to the service provider. This relationship requires another level of agreements at the demarc (in this instance noted as the NNI) 

Each network owner monitors SDH/OTN performance across its own transport network. The service provider monitors service performance end to end. As a result, the service provider must reach through the wholesale carriers’ networks to the UNIs to gather actual service performance parameters. It is important to note at this point that SDH section overhead originating at the UNI will terminate prior to the NNI, so it cannot be used to send performance service data. Only the path overhead traverses all networks and can be used by the service provider to manage the service.

{editor’s note – to be added the case of customer to service node interconnection via network operator’s network (“service node access”): CUST – SP relation and SP-NO relation}
8.2 Management aspects

{Text based on section 3 of WD07 (Ottawa meeting); needs to be reworded} While more complex network diagrams are possible, a simple model of an Ethernet network to show the management areas would only show the endpoints and a single carrier’s network. This is based on the relationship shown in Figure 17.  

The simple Ethernet management areas shown in Figure 19 are:

1. End-to-End (i.e., service - customer to customer)

2. Access Link (i.e., facility - carrier to customer)

3. Edge-to-Edge (i.e., service - intra carrier)

4. Transport (i.e., facility - intra carrier)

FCAPS (fault-management, configuration, accounting, performance, and security) is an acronym for a categorical model of the working objectives of network management. The carriage of management information is often dependent on the network or service that is being managed. Each of these four areas would have a carriage and FCAPS component:
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Figure 19/G.etna

Simple view of Ethernet Management Areas

8.2.1 End-to-End Management 

This is the management performed by the Enterprise customer between clients at both ends (1 in Figure 19). This service management of live traffic assumes the Ethernet link through the SDH and/or OTN network to be transparent. 
8.2.2 Access Link Management 

This is the enterprise customer to service provider portion of the Ethernet connection (2 in Figure 19). 

The facility management details are currently under consideration by IEEE 802.3ah in a new proposed Clause 55. Management information will be carried in Ethernet management frames (OAMiF) and will be terminated at the carrier edge where the Ethernet client is mapped into SDH. 

8.2.3 Edge-to-edge Management

This is the management of Ethernet over the service provider’s network (3 in Figure 19).  This will carry data relating to the service edge function/process and also relevant information from the terminated link management.

{editor’s note – the need for a carriage functionality is under study; for more information refer to WD07 and WD09, Q.12/15 Ottawa meeting, Oct. 2002}
8.2.4 Transport Management

This is the network management of the carrier’s facilities, for example, fault isolation within the carrier’s network (4 in Figure 19). It is performed using well-defined SDH and OTN network management.
9 Ethernet Survivability Techniques

9.1 Protection techniques

9.2 Network restoration

10 Interconnection and interworking between different administrative domains
11 Transport functional architecture of XYZ layer networks
{Editor’s note – The XYZ layer network is under study in Q.12/15 to support Ethernet over transport networking.

A list of requirements of the XYZ layer network is given in appendix III. This list of requirements will be further refined in future meetings. The technology and the architectural components for this XYZ transport layer network are for further study and contributions are invited.}

annex A

Architecture of an Ethernet (over SDH or OTN) private line

12 Annex A
Architecture of an Ethernet (over SDH or OTN) private line

{editor’s note – the following describes the characteristics of an EPL as agreed upon in the Q.12/15 Ottawa meeting, Oct. 2002}
EPL provides a connection through the network for a “stream of (un)tagged MAC frames”.

The Access Link between customer equipment and carrier equipment is an IEEE 802.3 physical interface. The Physical Interface Rate (PhIR) of the two access links may differ (PhIR1, PhIR2).

The Trunk Link (i.e. Transport) between the carrier equipment in the carrier network is supported by a SDH VC-n, VC-n-Xc, VC-n-Xv, OTN ODUk or ODUk-Xv trail. The Trunk Link’s bit rate is referred to as the Network Rate of Service (NRoS).

The bit rate of the EPL is expressed by means of Committed Information Rate (CIR) and Peak Information Rate (PIR). For an EPL: CIR = PIR ( NRoS ( PhIR (possible also PhIR ( NRoS)

Preferred mapping is via GFP-F (G.7041). X.86 mapping is possible for trunk links supported by SDH VC trails on mutual agreement between operators involved in the transport.

Preferred alternatives in GFP-F are: 

· Extension Header:
Null Extension Header

· GFP-FCS:


No GFP-FCS (inclusion of GFP-FCS on mutual agreement between operators involved in transport)

· Corrupted MAC frame treatment: 
Drop corrupted MAC frames at ingress of EPL (pass through of corrupted MAC frames on mutual agreement between operators involved in transport). 
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Figure A-1/G.etna – Ethernet Private Line – Type 1
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Figure A-2/G.etna – Ethernet Private Line – Type 1 (Continued)

The network supports Flow Control (by means of IEEE 802.3z PAUSE frames) towards the access links for fractional EPL (CIR < PhIR) and for trunk links supported by VC-n-Xv or ODUk-Xv trail with LCAS (G.7042). The bandwidth in the latter case may temporarily be reduced due to a fault in the network disrupting transport via a subset of VC-n or ODUk trails. ( need to monitor dropped frames…
<to be added>

Figure A-3/G.etna – G.805/G.cls network architecture model of EPL Type 1

Survivability alternatives:

· No protection

· Partial protection (LCAS with diverse routing of the members of the virtual concatenated group over at least two routes)

· Full protection (SNCP)

Preferred MAC learning is no MAC learning.

A second version of EPL with low latency characteristics is available for 1 Gbit/s Ethernet interfaces (Figure 4). Characteristic information is the 8B/10B symbol stream. Mapping is GFP-T and trunk link is supported by VC-4-7v trail. Survivability alternatives are: no protection and full protection (SNCP).
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Figure A-4/G.etna – (1 Gbit/s) Ethernet Private Line – Type 2

{editor’s note – description of service multiplex derived from WD34 (Q.12/15 Ottawa meeting, Oct. 2002); instead of 2x EPL via dedicated 802.3 interfaces, now via a single 802.3 interface with service muxing. Enhance this text and include information from WD45 (Q.12/15 Ottawa meeting, Oct. 2002).}
A third version of EPL multiplexes signals for/from multiple EPLs onto a single access link, reducing the number of physical interfaces between network and customer equipment.
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Figure A.5/G.etna – Example of a service that is multiplexed on the network interface

In this example, the network is providing two (independent) point to point links: one between Customer Sites 1 and 2, the other between sites 1 and 3. Each of these services is provisioned, managed and monitored independently. 

The GigE network interface facing customer site 1 is dedicated to a single customer, the sharing of that interface between the (customer’s) point to point connections is controlled by the customer’s terminal equipment. Since this service is being offered in the context of a single customer, a VLAN tag (assigned by the customer) may be used to identify traffic to/from sites 2 and 3. Separation within the network is provided by the use of independent VC-4-Xv connections. The VLAN tags that are appended by the customer are passed transparently through the network. This allows both the network and the attached customer terminals to identify the source and destination of the traffic flows. The customer is responsible for assigning the VLAN tag values. The ingress interfaces in the network are provisioned with a table to map VLAN tags against the specific GFP adaptation function associated with the appropriate link connections.

{editor’s note – the following is text derived from section 6/G.etna v0.0.1 and requires further development.}
The virtual concatenation (VCX) and link capacitity adjustment scheme (LCAS, G.7042) technologies specified in the (SDH, OTN) transport network specifications enable a more data optimised service offering over those transport networks. In particular, IEEE 802.3 defined Ethernet physical interfaces are now supported as client interfaces on those transport networks (Figure A-6). The transport networks are able to transparently transport Ethernet MAC frames between two Ethernet physical interfaces at full or fractional rates, providing an Ethernet private line service.
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Figure A-6/G.etna

Interconnecting two physical ethernet interfaces via a transport network 

Ethernet physical interfaces are

· 10 Mbit/s ethernet (10Base)

· 100 Mbit/s ethernet (100Base)

· 1 Gbit/s ethernet (1000Base)

· 10 Gbit/s ethernet (10GBase)

The 10 Gbit/s Ethernet interface comes in two versions, a LAN version (10GBase-R) and a WAN version (10GBase-W). The WAN version has a frame structure similar to a STM-64 with a VC-4-64c tributary signal.

The generic method to support the transport of Ethernet MAC frames between two Ethernet physical interfaces (on the transport network) is to terminate the Ethernet physical section layer (ETY), extract the Ethernet MAC frames, encapsulate those MAC frames via GFP (see Recommendation G.7041) or LAPS (see (Recommendation X.86) and map the resulting stream into the payload of a VC-n-Xv or ODUk-Xv. Refer to Figures A-7 to A-11 for the functional models supporting several Ethernet private line connections.

Table A-1/G.etna

Virtual concatenated VC-n and ODUk signals for (fractional) ethernet 

	Ethernet Interface Type
	Transport trail

	
	GFP encapsulation
	X.86 encapsulation

	
	Fractional Rate NOTE3
	Full RateNOTE1
	Fractional Rate
	Full Rate

	10/100 Mbit/s
	VC-11-Xv
VC-12-Xv
VC-3
	VC-3-2v NOTE2
VC-4
	VC-11-Xv
VC-12-Xv
VC-3
	TBA

	1 Gbit/s
	VC-4-Xv

	VC-4-7v
ODU1
	VC-4-Xv

	TBA

	10 Gbit/s LAN
	VC-4-Xv
ODU1-Xv
	VC-4-66v NOTE2
VC-4-67v
ODU1-4v NOTE2
ODU2
	VC-4-Xv
	TBA

	10 Gbit/s WAN
	VC-4-Xv
	VC-4-64v
VC-4-64c 
ODU2
	VC-4-Xv
	TBA

	NOTE 1 – See Appendix I for further rate information

NOTE 2 – VC-3-2v, VC-4-66v and ODU1-4v are full rate when a mix of frame sizes is present. See Appendix I.

{Editor's note 3 - define a practical maximum value for X in fractional rate cases; this value of X is typically lower than the value of X for the full rate case due to non-linear pricing of bandwidth}


The fractional Ethernet connection service includes a rate control process, which is located in the ingress interface port. Rate control can be realised in an arbitrary manner (drop MAC frames in excess of the provided connection bandwidth), based on priority-tagged MAC frames (lower priority frames are dropped first), or via flow control. {editor’s note – move this to main body in to be added “Ethernet subscriber conditioning function”}
MAC frames may be received equally spaced with a bit rate up to or below the bit rate of the network provided connection, may be received in bursts, may be received equally spaced or in burst but bit rate exceeds bit rate of provided connection. {editor’s note – this is associated with a connection parameter Max. Burst Size (MBS)}
The rate limit of a connection provided by the network can be either equal to the transport capacity limit (e.g. 300 Mbit/s for a VC-4-2v trail), or less than the transport capacity limit (e.g. 50 Mbit/s for a VC-4 trail).

Ethernet Interface rates at the two ends may be different (e.g. 10 Mbit/s at A and 100 Mbit/s at Z), but must be equal or larger than the rate of the connection in the network.

Egress rate control may also be provided if user equipment cannot accept the traffic rate. The user equipment at A has to be informed.
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Figure A-7/G.etna

Ethernet Private Line architecture for case of SDH transport network using VC-n virtual concatenation (LAN case)
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Figure A-8/G.etna

Ethernet Private Line architecture for case of OTN transport network using ODU1 virtual concatenation (1G and 10G LAN case)
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Figure A-9/G.etna

Ethernet Private Line architecture for case of OTN transport network using ODU2 (10G Ethernet LAN case)
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Figure A-10/G.etna

Ethernet Private Line architecture for case of hybrid OTN/SDH transport network with end-to-end connection monitoring (10G Ethernet LAN case)
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Figure A-11/G.etna

Ethernet Private Line architecture for case of SDH transport network using VC-n virtual concatenation (10G WAN case 1)

The specific case of a 10GBase-W interface allows additional means of transport:

· The 10GBase-W binary signal can be transported as a CBR10G signal via an OTN network as specified in Recommendation G.709 (Figure A-12). ODU2 path monitoring is deployed to assess the quality of service.

· For the case the clock accuracy of the interface signal complies with the SDH network requirements (i.e. clock accuracy is not worse than (4.6 ppm), the "VC-4-64c" part of the 10GBase-W signal can be transported via a VC-4-64c connection through the SDH network (Figure A-13). VC-4-64c tandem connection monitoring can be deployed to assess the quality of service. 

· The 10GBase-W binary signal with the exclusion of the bytes in the first three rows and first 192 columns can be transported as a "STM-64 multiplex section" signal via a chain of STM-64 regenators (Figure A-14). {Issue: does 10GBase-W output jitter specification support the transport of this signal via a chain of STM-64 regenerators?}
· The Ethernet MAC frames within a 10GBase-W signal can be transported via a newly generated VC-4-64c using 64B/66B PCS encapsulation (Figure A-15)

Note 2 -
The 10GBase-xW specification allows a clock accuracy of (20 ppm.
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Figure A-12/G.etna

Ethernet Private Line architecture for case of OTN network (10G WAN case) What about jitter requirements for this interface?
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Figure A-13/G.etna

Ethernet Private Line architecture for case of SDH network (10GBase-W signal's clock accuracy complies with the SDH clock accuracy requirements) What about jitter requirements for this interface?
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Figure A-14/G.etna

Ethernet Private Line architecture supported by a chain of STM-64 regenerators can there be an OTN in between two regenerators?
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Figure A-15/G.etna

Ethernet Private Line architecture for case of SDH transport network (10G WAN case 2)

annex B

Architecture of an Ethernet (over SDH or OTN) private LAN

13 Annex B
Architecture of an Ethernet (over SDH or OTN) private LAN

{editor’s note – the following describes the characteristics of an EPLAN as discussed in the Q.12/15 Ottawa meeting, Oct. 2002}
A customer LAN may be created using multiple Ethernet Private Lines (Figure B-1) between Ethernet Switches in the customer domain. Each customer Ethernet Switch will have to be connected with N-1 802.3 interfaces to the network.
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Figure B-1 /G.etna

Nx Ethernet Private Line supporting a customer LAN configuration
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Figure B-2/G.etna

Nx Ethernet Private Line supporting a customer LAN configuration (Continued)

The customer equipment may be connected with only a single 802.3 interface to the network, when the network provides the Ethernet Switch functionality.
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Figure B-3/G.etna

Ethernet Private LAN (1st alternative network configuration)
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Figure B-4/G.etna

Ethernet Private LAN (continued)

Alternative network configurations for this EPLAN are depicted in figures below:
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Figure B-5/G.etna

Ethernet Private LAN (2nd alternative network configuration)
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Figure B-6/G.etna

Ethernet Private LAN (3rd alternative network configuration)

EPLAN characteristics are:

EPLAN provides a set of connections through the network for “streams of (un)tagged MAC frames”.

The Access Link between customer equipment and carrier equipment is an IEEE 802.3 physical interface. The Physical Interface Rate (PhIR) of the access links may differ (e.g. PhIR1, PhIR2, PhIR3).

SDH VC-n, VC-n-Xc, VC-n-Xv, OTN ODUk or ODUk-Xv trails support the Trunk Links (i.e. Transport) between the carrier equipment in the carrier network. 

EPLAN bit rate: CIR/PIR and NRoS relationship is for further study. 

Preferred mapping is via GFP-F (G.7041). X.86 mapping is possible for trunk links supported by SDH VC trails on mutual agreement between operators involved in the transport.

Preferred alternatives in GFP-F are: 

· Extension Header:
Null Extension Header

· GFP-FCS:


No GFP-FCS (inclusion of GFP-FCS on mutual agreement between operators involved in transport)

· Corrupted MAC frame treatment: 
Drop corrupted MAC frames at ingress of EPLAN (MAC Destination Address is to be processed). 

No flow control, only classification and dropping precedence marking…
Survivability alternatives for trunk links in EPLAN network configuration:

· No protection

· Partial protection (LCAS with diverse routing of the members of the virtual concatenated group over at least two routes)

· Full protection (SNCP)

Besides survivability for the trunk links, survivability at the edge-to-edge level is possible via Spanning Tree Protocol (STP).

MAC learning is required for EPLAN.

annex C

Architecture of an Ethernet (over SDH or OTN) virtual private line/LAN
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{editor’s note – the following describes the characteristics of an EVPL/EVPLAN as discussed in the Q.12/15 Ottawa meeting, Oct. 2002}
Ethernet Virtual Private Line (EVPL) and LAN (EVPLAN) network services are offered from an Ethernet over transport network in which the SDH VC-n(-Xc)/VC-n-Xv and OTN ODUk/ODUk-Xv transport trails supporting the Ethernet links are shared amongst multiple customers.

Figures C-1 and C-2 present examples of EVPL and EVPLAN. A “green” and a “red” EVPL customer share a VC-4 trail (Figure C-1), and a “blue” and a “red” EVPLAN customer share a VC-4 trail (Figure C-2).
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Figure C-1/G.etna

Ethernet Virtual Private Line (“green” and “red” EVPLs)
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Figure C-2/G.etna

Ethernet Virtual Private LAN (“blue” and “red” EVPLANs)

Figure C.3 presents a network example of an Ethernet over transport network supporting Ethernet virtual private line/LAN services. Six network elements with switch functions (blue boxes) and interface ports (yellow and peach boxes labelled “Pi”) provide EVPL and EVPLAN services to Customer Equipment (CE) at the edge of the network. 
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Figure C.3/G.etna – EVPL and EVPLAN supported by Ethernet over transport network

There is no assumption in this figure C.3 on the layer network, which provides the switching capability. Two alternatives are addressed in figures C.4 and C.5. Figure C.4 illustrates the use of the ETH layer for switching, whereas Figure C.5 illustrates the use of the (currently abstract) XYZ layer (which carries ETH signals).
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Figure C.4/G.etna – Using ETH layer network to realise C.3
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Figure C.5/G.etna – Using XYZ layer network to realise C.3

In the XYZ case (Figure C.5) ETH_CI is encapsulated into the XYZ_CI and this XYZ layer signal is switched, multiplexed and edge-to-edge monitored in the network. In the ETH case (Figure C.4) the ETH_CI itself is switched, multiplexed and edge-to-edge monitored in the network.

{Editor’s note – the following text is copied from section 7 in G.etna v0.0.1. It should be considered input to the further definition of Ethernet virtual private line/LAN network services.}
Annex A focused on the transport network architectural models for the interconnection of two physical Ethernet interfaces, to transport the stream of Ethernet MAC frames within the physical Ethernet signal between the two interface ports. A one-to-one relationship is assumed between interface port and transport trail.

This annex will focus on the case in which multiple users share the same transport trails, and a many-to-one relationship exists. Furthermore, one user may be connected by more than two Ethernet interfaces.

The following figures illustrate a number of Ethernet over transport examples in which the transport trail(s) are shared. All connections to the transport network are assumed to be physical Ethernet interfaces, like present also in clause 6.

The first example (Figure C-6) depicts the transport of Ethernet MAC frames from 3 users over a single transport trail. The transport network supports three point-to-point (p2p) user connections over a (shared) Ethernet MAC link supported by a single transport trail. The Ethernet MAC trunk link (supported by the transport trail) in the transport network contains three component links, one for each user’s traffic.
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Figure C-6/G.etna - multiple point-to-point ETH connections over one transport trail

The second example (Figure C-7) depicts the transport of Ethernet MAC frames from 3 users to a service provider interface over a single transport trail. The transport network supports three p2p user connections over a shared Ethernet MAC link supported by a single transport trail and a single transport-network-to-service-provider access link. Both the trunk link and the access link to the service provider contain 3 component links.
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Figure C-7/G.etna - multiple point-to-point ETH connections over one transport trail to one aggregate interface

The third example (Figure C-8) depicts the transport of Ethernet MAC frames from 6 users to a service provider interface over a set of transport trails. User connections are multiplexed at the ingress of the network and further multiplexing is provided at an intermediate point in the network.
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Figure C-8/G.etna - multiple point-to-point ETH connections over multiple transport trails to one aggregate interface

The forth example (Figure C-9) depicts the transport of Ethernet MAC frames for a number of users connected to the network at two or more points. When the network interconnects more than two points of a user, multiplexing is not longer sufficient and cross connecting is required in addition. 

Example: User 1 traffic can flow between network access points 1-1’, 1-1”, 1-1”’, 1’-1”, 1’-1”’ and 1”-1”’. For case of broadcast, e.g. traffic at input network access point 1” can be forwarded to outputs 1, 1” and 1”’.
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Figure C-9/G.etna - multiple point-to-point and multipoint-to-multipoint ETH connectivity over multiple transport trails

In all examples above, traffic (Ethernet MAC frame streams) of multiple users is multiplexed onto one transport trail. Multiplexing is performed on a frame-by-frame basis (after encapsulation). Frame Buffers are required to store MAC frames of users, which are received during the forwarding of a frame of another user. Rate control (like in clause 6) is required; it will have an additional Peak Information Rate (PIR) component in addition to the Committed Information Rate (CIR). Two options can be identified:

· CIR = PIR

· CIR < PIR

Assume that a transport trail (or better a trunk link) has a transport bandwidth TRBW. User traffic can now be allocated to a trunk link as follows:

· (users CIR ( TRBW and (users PIR ( TRBW

· (users CIR ( TRBW and (users PIR > TRBW

· (users CIR > TRBW

Dropping/Discarding of MAC frames at any multiplexing point in the network (at edge or intermediate locations) may be required. It can be performed in an arbitrary manner, or in a more controlled fashion using Priority information or Drop/Discard Eligibility information related to the MAC frame. Priority information may be determined by the customer (and included in its MAC frames), or the network.

MAC frame forwarding is based on the MAC destination address. Those addresses can not be summarised, and imply a scaling issue. 
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Bit rates of Ethernet MAC “physical layer” payload capacity

{editor’s note – this appendix is for information during development of this recommendation. It will be deleted before consent.}
Ethernet MAC signals are transported within the payload of a server signal (referred to as the “physical layer” signal). For the case of Ethernet over Transport (SDH, OTN), the physical layer signals are:

· transport network access interfaces

1. 10Base-T, 10Base-X

2. 100Base-T, 100Base-X

3. 1000Base-X

4. 10GBase-R

5. 10GBase-W

· transport network trunk interfaces; e.g.

1. VC-11-Xv

2. VC-12-Xv

3. VC-3-Xv

4. VC-4-Xv

5. ODU1-Xv

6. ODU2

The Ethernet MAC frames are encapsulated when mapped into the payload of the server signal. The encapsulation overhead is depicted in figures I-1 (untagged frames) and I-2 (tagged frames). For more information refer to IEEE 802.3, IEEE 802.1Q and Recommendation G.7041.
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Figure II-1/G.etna

Ethernet MAC encapsulation overhead {add GFP-FCS alternative}
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Figure II-2/G.etna

Ethernet MAC tagged frame encapsulation overhead {add GFP-FCS alternative}
Ethernet MAC frame sizes can be between 64 and 1518 bytes (9618 bytes for case of jumbo frames). The MAC frame may be extended with a 4-byte IEEE 802.1Q VLAN tag and a second 4-byte network tag (under definition in Metro Ethernet Forum). (Un)tagged MAC frames are separated from each other as indicated in figures II-1 and II-2. 

The (un)tagged MAC bit rate is lower than the bit rate of the payload area within the server signal. The maximum (un)tagged MAC bit rate is dependent on the MAC frame size, presence of tags and presence of the GFP-FCS field (case of GFP based encapsulation in SDH/OTN).

Tables II-1 to II-4 present the (un)tagged MAC bit rate for the listed server signals for several MAC frame sizes. 

NOTE -
A red-coloured value in the table implies that the VC-n-Xv/ODUk-Xv payload can not transport all (un)tagged MAC frames that theoretically could enter the transport network via the physical Ethernet interface mentioned in the table.

MAC bit rate is computed as follows: 


PayloadRate * (MacSize + TagSize) / ((MacSize + TagSize) + FrameOhSize)

{Editor’s note – values need to be reviewed/verified}
Normal Ethernet MAC streams will carry a mix of MAC frame sizes. To determine if a particular network connection (trunk interface) fits the user bandwidth (access interface), a MAC hypothetical reference stream with a mix of MAC frame sizes (MHRS) should be used instead any of the values in the Tables II-1 to II-4.

MHRS = a% (64-byte) + b% (128-byte) + c% (256-byte) + … + z% (9618-byte); a=???, b=???, C=???, …, z=???.
Similar tables can be designed for other, fractional, Ethernet connection cases (e.g. 20 Mbit/s).

NOTE – If the user does not intend to use the MAC-FCS field for its own end-to-end monitoring of the MAC frame transport through the network, then the GFP-FCS field is a duplicate FCS field (and thus not needed). In such case, the GFP encapsulation process will check the MAC-FCS value at the ingress of the network and discard any errored MAC frames at this point. The network can now use the MAC-FCS for performance monitoring. In the other case when the user intends to use the MAC-FCS field for its own purpose, then the network should use the GFP-FCS field for its performance monitoring and pass through the MAC-FCS field transparently.

Tabel II-1/G.etna

Maximum (un)tagged MAC bit rate per “10 Mbit/s” MAC server signal
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Tabel II-2/G.etna

Maximum (un)tagged MAC bit rate per “100 Mbit/s” MAC server signal
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Tabel II-3/G.etna

Maximum (un)tagged MAC bit rate per “1 Gbit/s” MAC server signal
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Tabel II-4/G.etna

Maximum (un)tagged MAC bit rate per “10 Gbit/s” MAC server signal
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Requirements for XYZ layer network

{editor’s note - There are alternative solution thoughts like extending GFP into a layer network, using MPLS, introducing a new layer network instead of deploying Ethernet with VLANs as technology within the transport network.

Without a sufficient understanding of the requirements, it is not possible to choose the better alternative and therefore the initial step in the Ethernet over Transport network architecture development will assume an abstract layer network XYZ that will match Ethernet MAC services to SDH VC-n/OTN ODUk transport trails. 

Once the requirements for this layer network XYZ are developed, the abstract XYZ will be replaced by a specific layer network; this can be either an existing layer network complying with the YXZ requirements, or a properly adapted existing layer network, or an encapsulation technology extended into a layer network, or a new layer network.}

{editor’s not - justification for XYZ layer inclusion (input from network operators required)…}

Requirements for the XYZ layer network (LN) {under study}
{editor’s note – the following set of requirements is derived from WD11, Q.12/15 Ottawa meeting, Oct. 2002)}

1. XYZ LN is contained within the domain of the network operator(s); i.e. XYZ is not in customer equipment
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2. XYZ LN should support topological components: layer network, subnetwork/flow domain, link, access group

3. XYZ LN should support transport entities: link connection (link flow), subnetwork connection (flow domain flow), network connection (network flow), trail (connectionless trail)

4. XYZ LN should support transport processing functions: trail (flow) termination function, XYZ to ETH adaptation function, SDH VC/OTN ODUk to XYZ adaptation function and ETH to XYZ adaptation function
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5. XYZ LN should support reference points: access point, termination connection point (termination flow point), connection point (flow point)

6. XYZ LN should be agnostic to the client signal

7. The XYZ/ETH adaptation function should support encapsulation and multiplexing of ETH_CI for the set of 248 ETH_FPs (are from one customer)
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8. Server/XYZ adaptation function should support encapsulation/mapping and multiplexing of up to 4k to 64k XYZ_CIs; XYZ_CIs may carry different client layer network signals

9. XYZ multiplex identifiers should have local significance; for case of global significant multiplex identifiers at least TBD identifiers are to be supported to guarantee scaling

10. XYZ LN should support per XYZ trail monitoring

11. XYZ LN should support customer traffic separation; traffic from one customer should never arrive at the port of another customer

12. XYZ LN should extend into the service node equipment (case of service node access; e.g. ISP); i.e. the traffic that the SN wants to send to a customer should never be delivered to a different customer, and the SN should be able to distinguish the traffic sent by any customer from traffic sent by another customer to the same SN interface

13. A XYZ link should support different QoS levels (e.g. bandwidth, latency and loss ratio) for different XYZ_CI streams on that link (per-customer SLAs)

14. XYZ LN should support per-customer traffic policing and marking at the edges of the network; on the interface from the SN to ensure that the SN is not sending traffic exceeding the profile agreed on each customer’s SLA, on the access ports to ensure that each customer is not exceeding the traffic profile agreed on each customer’s SLA

15. XYZ LN should support all the possible ETH network connectivity: unicast, multicast, broadcast

16. XYZ LN should support the transport of large numbers of ETH_CIs; i.e. scalability in terms of number of sites and MAC addresses

17. XYZ LN should support identification of the appropriate customer network access port over which the ETH_CI is to be output, without interrogating the ETH_CI at the egress node

18. XYZ LN should support the addition of new packet transport services in the future; the transport network is usually service-independent and new services can be added enhancing the capabilities on the edge of the transport network without changing its core

{editor’s note – to be added requirements derived from WD07, WD08, WD09 and WD36 Q.12/15, Ottawa meeting, Oct. 2002)}

appendix IV

Private and Virtual Private

18 Appendix IV
Private and Virtual Private

{editor’s note – the information in this appendix is derived from WD36, Q.12/15 Ottawa meeting, Oct. 2002. The definitions of “private” and “virtual private” are under study.}
The current transport network provides a Connection Oriented Circuit Switched (TDM) (COCS) infrastructure (e.g. SDH). The architecture of this type of transport network is described in G.805.  A Connection Oriented Packet Switched (COPS) infrastructure (e.g. ATM) that uses the COCS infrastructure may also be provided. This type of network is described in I.326. A Connection Less Packet Switched (CLPS) infrastructure may be provided either directly over a COCS infrastructure or over a COPS infrastructure, this will be described in G.cls. Note that the COCS infrastructure supporting a COPS or CLPS infrastructure may have limited capability (e.g. flexibility).

Characteristics of a COCS Network implemented with SDH, OTN or PDH:

Before a user information flow is initiated across the network the user source, user destination (applications) and the network must agree on the characteristics of the connection (e.g. bit rate, availability). In terms of the ASON architecture, the call represents the negotiation between the customer and the network, the connection supports the information flow. Based on this agreement to communicate (the call), the end customer payload is explicitly assigned to network resources by a connection management process e.g. an explicit time slot is identified in each of a series of concatenated (server layer) trails to interconnect the end user terminals at the addresses identified in the call request. These trails may be shared by multiple end customer payloads. Contention for resources is resolved at the time the connection is requested, if resources are not available the connection request is rejected (and the call attempt fails). In this case the label (timeslot) represents both an identification and an explicit resource reservation. In terms of the G.805 model, it is the adaptation function at the input of a server layer trail that “stores” the client signal until the assigned timeslot arrives. The customer does not constrain the choice of timeslot within the network i.e. the network “owns” the multiplexing and switching label space. This label (timeslot) only has local significance – it is only valid in the context of a specific trail. Separation of customer signals is provided inherently by the timeslot assignment performed by the network. Since the network has performed the assignment process it can also arrange to intercept and monitor the client signal (or the trail supporting it) at any convenient point in the network. Network failures invoke a specific process, either a protection switch or restoration. A protection switch process is not visible to a connection management system (i.e. the end points of the trail are unchanged), restoration invokes a new connection setup. (See G.8080 living list for further details). Monitoring of the client signal can be coordinated across these processes. In general, both the client signal and the trails used to carry it are monitored using network overhead.

Characteristics of a COPS Network implemented with ATM:

Before a user information flow is initiated across the network the user source, user destination (applications) and the network must agree on the characteristics of the signal (e.g. peak and average bit rate). Based on this agreement, the end customer payload is explicitly assigned to network resources by a connection management system i.e. an explicit VPI/VCI is identified in each of a series of concatenated (server layer) trails to interconnect the end user terminals at the addresses identified in the call request. These trails may be shared by multiple end customer payloads. In this case, contention for the trail resources is not resolved at the time the connection is requested, however the network can assign (or not) customer connections to trails based on the traffic parameters of the connection request and the connections already assigned to the trail. In this case, the label (VCI/VPI) is only an identifier. In terms of the I.326 model it is the adaptation function on the input to the server layer trail that buffers the ATM cell until a timeslot is available on the outgoing (COCS) trail. The customer does not constrain the choice of VPI/VCI within the network i.e. the network “owns” the multiplexing and switching label space. The VPI/VCI label only has local significance – it is only valid in the context of a specific trail. Separation of customer signals is provided inherently by the VPI/VCI assignment performed by the network. Since the network has performed the assignment process it can also arrange to intercept and monitor the client signal (or the trail supporting it) at any convenient point in the network. Note that while network failures can cause the rearrangement of connections this does not prevent monitoring as described above. In general, the integrity of the client signal is monitored using OAM cells. The trails in the network are monitored using network overhead.

Characteristics of a CLPS Network implemented with IP:

An information flow can be initiated by a user without prior negotiation with either the network or the destination user terminal. The label (IP header) is appended to each packet by the source terminal to identify the destination. The label has global significance, it is used by each switch to forward the information flow towards the intended destination based on the routing table at each switch. In this case the label is both identifier and routing “instruction” but does not provide any resource reservation. The inherent duration of the flow is the length of the current frame. A new frame invokes the same process used for any previous frame – i.e. the network has no inherent memory. The transport network resources (e.g. the COCS trails between routers) are shared by arbitrary end customer information flows based on the content of the routing tables (e.g. current network topology and congestion). Changes in network topology (e.g. failures) and traffic loading are accommodated by updating the routing tables (e.g. removal of a failed link from the topology). The IP network uses a control plane to keep the routing tables current. Since the network has no explicit knowledge of the existence or location of a specific flow between customer terminals the network cannot monitor these flows for service assurance.

Characteristics of Network implemented with Ethernet (C?PS):

An Ethernet network has some of the characteristics of both the CO and CL networks described above. An information flow can be initiated by a user without prior negotiation with either the network or the destination user terminal. The label (MAC header) is appended to each packet by the source terminal to identify the destination. The label has global significance, it is used by each switch to forward the information flow towards the intended destination based on the forwarding table at each switch. In this case the label is both identifier and forwarding “instruction” but does not provide any resource reservation. The inherent duration of the flow is the length of the current frame. When a switch receives a frame with a MAC address that is not in the forwarding table it is broadcast and based on the responses received a new entry is made in the forwarding table. The information in the forwarding table “ages” and after some period of inactivity (i.e. no packets) it is discarded. The transport network resources (e.g. the COCS trails between routers) are shared by arbitrary end customer information flows based on the content of the forwarding table. Network topology changes are accommodated by invoking the broadcast mechanism and spanning tree algorithm to refresh the forwarding table. Since the network has no explicit knowledge of the existence or location of a specific flow between customer terminals the network cannot monitor these flows for service assurance.

Private – 
A private service is characterised by:

· One or more ETH links within the transport network are allocated to transport the ETH_CI of a single customer. 

· These ETH links are supported by COCS or COPS CBR trails (1:1 relationship).

The ETH_CI in a private service either doesn’t compete for bandwidth (Ethernet private line), or competes for bandwidth with ETH_CI from another member of the same customer organisation (Ethernet private LAN).

Virtual Private – 
A virtual private service is characterised by:
· One or more ETH links within the transport network are allocated to transport the ETH_CI of multiple customers (N:1 relationship), and these ETH links are supported by COCS or COPS CBR trails.

· One or more ETH links within the transport network are allocated to transport the ETH_CI of a single customer, and these ETH links are supported by COPS (non-CBR) or CLPS trails (1:1 relationship). Multiple of those COPS (non-CBR) or CLPS trails are supported by server layer COCS trails (N:1 relationship).

The ETH_CI in a virtual private service competes for bandwidth with ETH_CI from another customer of the network (Ethernet virtual private line/LAN).

___________________





























































� 	Refer to Rec. G.805 and G.852 for component link specifications
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10GBase-R

		

				GFP-FCS		Payload bit rate		10,000,000		9,884,160		10,033,920		9,953,280		9,995,277

				0		Frame OH		13		8		8		8		8

				1		Frame OH		13		12		12		12		12

												MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10GBase-R		VC-4-66v		VC-4-67v		ODU1-4v		ODU2

		0		0		64		8,311,688		8,785,920		8,919,040		8,847,360		8,884,691

		0		0		128		9,078,014		9,302,739		9,443,689		9,367,793		9,407,319

		0		0		256		9,516,729		9,584,640		9,729,862		9,651,665		9,692,390

		0		0		512		9,752,381		9,732,096		9,879,552		9,800,153		9,841,503

		0		0		1,024		9,874,638		9,807,539		9,956,138		9,876,123		9,917,794

		0		0		1,518		9,915,088		9,832,343		9,981,318		9,901,100		9,942,877

		0		0		9,618		9,986,502		9,875,945		10,025,581		9,945,008		9,986,970

		0		1		64		8,395,062		8,843,722		8,977,718		8,905,566		8,943,143

		0		1		128		9,103,448		9,319,351		9,460,553		9,384,521		9,424,118

		0		1		256		9,523,810		9,589,110		9,734,400		9,656,167		9,696,910

		0		1		512		9,754,253		9,733,257		9,880,730		9,801,322		9,842,677

		0		1		1,024		9,875,120		9,807,834		9,956,438		9,876,421		9,918,093

		0		1		1,518		9,915,309		9,832,478		9,981,455		9,901,237		9,943,014

		0		1		9,618		9,986,508		9,875,949		10,025,584		9,945,011		9,986,974

		0		2		64		8,470,588		8,895,744		9,030,528		8,957,952		8,995,749

		0		2		128		9,127,517		9,335,040		9,476,480		9,400,320		9,439,984

		0		2		256		9,530,686		9,593,449		9,738,805		9,660,536		9,701,298

		0		2		512		9,756,098		9,734,400		9,881,891		9,802,473		9,843,833

		0		2		1,024		9,875,598		9,808,128		9,956,736		9,876,716		9,918,390

		0		2		1,518		9,915,530		9,832,613		9,981,592		9,901,372		9,943,150

		0		2		9,618		9,986,513		9,875,952		10,025,588		9,945,015		9,986,977

		1		0		64		8,311,688		8,323,503		8,449,617		8,381,709		8,417,075

		1		0		128		9,078,014		9,036,946		9,173,870		9,100,142		9,138,539

		1		0		256		9,516,729		9,441,586		9,584,640		9,507,611		9,547,727

		1		0		512		9,752,381		9,657,805		9,804,136		9,725,342		9,766,377

		1		0		1,024		9,874,638		9,769,672		9,917,697		9,837,991		9,879,502

		1		0		1,518		9,915,088		9,806,637		9,955,223		9,875,215		9,916,883

		1		0		9,618		9,986,502		9,871,843		10,021,417		9,940,877		9,982,822

		1		1		64		8,395,062		8,401,536		8,528,832		8,460,288		8,495,985

		1		1		128		9,103,448		9,060,480		9,197,760		9,123,840		9,162,337

		1		1		256		9,523,810		9,448,094		9,591,247		9,514,165		9,554,309

		1		1		512		9,754,253		9,659,520		9,805,876		9,727,069		9,768,112

		1		1		1,024		9,875,120		9,770,112		9,918,144		9,838,434		9,879,947

		1		1		1,518		9,915,309		9,806,839		9,955,428		9,875,419		9,917,087

		1		1		9,618		9,986,508		9,871,848		10,021,422		9,940,882		9,982,827

		1		2		64		8,470,588		8,472,137		8,600,503		8,531,383		8,567,380

		1		2		128		9,127,517		9,082,742		9,220,359		9,146,257		9,184,849

		1		2		256		9,530,686		9,454,414		9,597,663		9,520,529		9,560,700

		1		2		512		9,756,098		9,661,209		9,807,591		9,728,770		9,769,820

		1		2		1,024		9,875,598		9,770,549		9,918,588		9,838,874		9,880,389

		1		2		1,518		9,915,530		9,807,040		9,955,632		9,875,621		9,917,290

		1		2		9,618		9,986,513		9,871,854		10,021,427		9,940,887		9,982,832





1000Base-X

		

				GFP-FCS		Payload bit rate		1,000,000		898,560		1,048,320

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		1000Base-X		VC-4-6v		VC-4-7v

		0		0		64		761,905		798,720		931,840

		0		0		128		864,865		845,704		986,654

		0		0		256		927,536		871,331		1,016,553

		0		0		512		962,406		884,736		1,032,192

		0		0		1,024		980,843		891,594		1,040,193

		0		0		1,518		986,996		893,849		1,042,824

		0		0		9,618		997,925		897,813		1,047,449

		0		1		64		772,727		803,975		937,971

		0		1		128		868,421		847,214		988,416

		0		1		256		928,571		871,737		1,017,027

		0		1		512		962,687		884,842		1,032,315

		0		1		1,024		980,916		891,621		1,040,225

		0		1		1,518		987,030		893,862		1,042,839

		0		1		9,618		997,926		897,814		1,047,449

		0		2		64		782,609		808,704		943,488

		0		2		128		871,795		848,640		990,080

		0		2		256		929,577		872,132		1,017,487

		0		2		512		962,963		884,945		1,032,436

		0		2		1,024		980,989		891,648		1,040,256

		0		2		1,518		987,063		893,874		1,042,853

		0		2		9,618		997,927		897,814		1,047,449

		1		0		64		761,905		756,682		882,796

		1		0		128		864,865		821,541		958,464

		1		0		256		927,536		858,326		1,001,380

		1		0		512		962,406		877,982		1,024,313

		1		0		1,024		980,843		888,152		1,036,177

		1		0		1,518		986,996		891,512		1,040,098

		1		0		9,618		997,925		897,440		1,047,014

		1		1		64		772,727		763,776		891,072

		1		1		128		868,421		823,680		960,960

		1		1		256		928,571		858,918		1,002,071

		1		1		512		962,687		878,138		1,024,495

		1		1		1,024		980,916		888,192		1,036,224

		1		1		1,518		987,030		891,531		1,040,119

		1		1		9,618		997,926		897,441		1,047,014

		1		2		64		782,609		770,194		898,560

		1		2		128		871,795		825,704		963,321

		1		2		256		929,577		859,492		1,002,741

		1		2		512		962,963		878,292		1,024,674

		1		2		1,024		980,989		888,232		1,036,270

		1		2		1,518		987,063		891,549		1,040,141

		1		2		9,618		997,927		897,441		1,047,015





100Base-T

		

				GFP-FCS		Payload bit rate		100,000		96,768		149,760

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		100Base-T		VC-3-2v		VC-4

		0		0		64		76,190		86,016		133,120

		0		0		128		86,486		91,076		140,951

		0		0		256		92,754		93,836		145,222

		0		0		512		96,241		95,279		147,456

		0		0		1,024		98,084		96,018		148,599

		0		0		1,518		98,700		96,261		148,975

		0		0		9,618		99,792		96,688		149,636

		0		1		64		77,273		86,582		133,996

		0		1		128		86,842		91,238		141,202

		0		1		256		92,857		93,879		145,290

		0		1		512		96,269		95,291		147,474

		0		1		1,024		98,092		96,021		148,604

		0		1		1,518		98,703		96,262		148,977

		0		1		9,618		99,793		96,688		149,636

		0		2		64		78,261		87,091		134,784

		0		2		128		87,179		91,392		141,440

		0		2		256		92,958		93,922		145,355

		0		2		512		96,296		95,302		147,491

		0		2		1,024		98,099		96,024		148,608

		0		2		1,518		98,706		96,263		148,979

		0		2		9,618		99,793		96,688		149,636

		1		0		64		76,190		81,489		126,114

		1		0		128		86,486		88,474		136,923

		1		0		256		92,754		92,435		143,054

		1		0		512		96,241		94,552		146,330

		1		0		1,024		98,084		95,647		148,025

		1		0		1,518		98,700		96,009		148,585

		1		0		9,618		99,792		96,647		149,573

		1		1		64		77,273		82,253		127,296

		1		1		128		86,842		88,704		137,280

		1		1		256		92,857		92,499		143,153

		1		1		512		96,269		94,569		146,356

		1		1		1,024		98,092		95,651		148,032

		1		1		1,518		98,703		96,011		148,588

		1		1		9,618		99,793		96,647		149,573

		1		2		64		78,261		82,944		128,366

		1		2		128		87,179		88,922		137,617

		1		2		256		92,958		92,561		143,249

		1		2		512		96,296		94,585		146,382

		1		2		1,024		98,099		95,656		148,039

		1		2		1,518		98,706		96,013		148,592

		1		2		9,618		99,793		96,648		149,574





10Base-T

		

				GFP-FCS		Payload bit rate		10,000		9,600		11,200		8704		10880

				0		Frame OH		20		8		8		8		8

				1		Frame OH		20		12		12		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10Base-T		VC-11-6v		VC-11-7v		VC-12-4v		VC-12-5v

		0		0		64		7,619		8,533		9,956		7,737		9,671

		0		0		128		8,649		9,035		10,541		8,192		10,240

		0		0		256		9,275		9,309		10,861		8,440		10,550

		0		0		512		9,624		9,452		11,028		8,570		10,713

		0		0		1,024		9,808		9,526		11,113		8,637		10,796

		0		0		1,518		9,870		9,550		11,141		8,658		10,823

		0		0		9,618		9,979		9,592		11,191		8,697		10,871

		0		1		64		7,727		8,589		10,021		7,788		9,735

		0		1		128		8,684		9,051		10,560		8,207		10,258

		0		1		256		9,286		9,313		10,866		8,444		10,555

		0		1		512		9,627		9,453		11,029		8,571		10,714

		0		1		1,024		9,809		9,526		11,114		8,637		10,796

		0		1		1,518		9,870		9,550		11,141		8,658		10,823

		0		1		9,618		9,979		9,592		11,191		8,697		10,871

		0		2		64		7,826		8,640		10,080		7,834		9,792

		0		2		128		8,718		9,067		10,578		8,220		10,276

		0		2		256		9,296		9,318		10,871		8,448		10,560

		0		2		512		9,630		9,455		11,030		8,572		10,715

		0		2		1,024		9,810		9,526		11,114		8,637		10,796

		0		2		1,518		9,871		9,550		11,142		8,659		10,823

		0		2		9,618		9,979		9,592		11,191		8,697		10,871

		1		0		64		7,619		8,084		9,432		7,330		9,162

		1		0		128		8,649		8,777		10,240		7,958		9,947

		1		0		256		9,275		9,170		10,699		8,314		10,393

		1		0		512		9,624		9,380		10,944		8,505		10,631

		1		0		1,024		9,808		9,489		11,070		8,603		10,754

		1		0		1,518		9,870		9,525		11,112		8,636		10,795

		1		0		9,618		9,979		9,588		11,186		8,693		10,866

		1		1		64		7,727		8,160		9,520		7,398		9,248

		1		1		128		8,684		8,800		10,267		7,979		9,973

		1		1		256		9,286		9,176		10,706		8,320		10,400

		1		1		512		9,627		9,382		10,945		8,506		10,633

		1		1		1,024		9,809		9,489		11,071		8,604		10,754

		1		1		1,518		9,870		9,525		11,112		8,636		10,795

		1		1		9,618		9,979		9,588		11,186		8,693		10,866

		1		2		64		7,826		8,229		9,600		7,461		9,326

		1		2		128		8,718		8,822		10,292		7,998		9,998

		1		2		256		9,296		9,183		10,713		8,326		10,407

		1		2		512		9,630		9,383		10,947		8,508		10,635

		1		2		1,024		9,810		9,490		11,071		8,604		10,755

		1		2		1,518		9,871		9,525		11,113		8,636		10,795

		1		2		9,618		9,979		9,588		11,186		8,693		10,866





Sheet1

		

				GFP-FCS		Payload bit rate		1600		9600		11200		2176		8704		10880		48384		96768		149760		898560		1048320		9884160		10033920		9953280		9995276.96202532		10000		100000		1000000		10000000

				0		Frame OH		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		20		20		20		13

				1		Frame OH		12		12		12		12		12		12		12		12		12		12		12		12		12		12		12		20		20		20		13

														MAC-bit rate (kbit/s)

				VLAN Tag		MAC-size (bytes)		VC-11		VC-11-6v		VC-11-7v		VC-12		VC-12-4v		VC-12-5v		VC-3		VC-3-2v		VC-4		VC-4-6v		VC-4-7v		VC-4-66v		VC-4-67v		ODU1-4v		ODU2		10Base-T		100Base-T		1000Base-X		10GBase-R

				0		64		1422		8533		9956		1934		7737		9671		43008		86016		133120		798720		931840		8785920		8919040		8847360		8884691		7619		76190		761905		8311688

				0		128		1506		9035		10541		2048		8192		10240		45538		91076		140951		845704		986654		9302739		9443689		9367793		9407319		8649		86486		864865		9078014

				0		256		1552		9309		10861		2110		8440		10550		46918		93836		145222		871331		1016553		9584640		9729862		9651665		9692390		9275		92754		927536		9516729

				0		512		1575		9452		11028		2143		8570		10713		47640		95279		147456		884736		1032192		9732096		9879552		9800153		9841503		9624		96241		962406		9752381

				0		1024		1588		9526		11113		2159		8637		10796		48009		96018		148599		891594		1040193		9807539		9956138		9876123		9917794		9808		98084		980843		9874638

				0		1518		1592		9550		11141		2165		8658		10823		48130		96261		148975		893849		1042824		9832343		9981318		9901100		9942877		9870		98700		986996		9915088

				0		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875930		10025565		9944993		9986954		9979		99792		997921		9986477

				1		64		1432		8589		10021		1947		7788		9735		43291		86582		133996		803975		937971		8843722		8977718		8905566		8943143		7727		77273		772727		8395062

				1		128		1509		9051		10560		2052		8207		10258		45619		91238		141202		847214		988416		9319351		9460553		9384521		9424118		8684		86842		868421		9103448

				1		256		1552		9313		10866		2111		8444		10555		46940		93879		145290		871737		1017027		9589110		9734400		9656167		9696910		9286		92857		928571		9523810

				1		512		1576		9453		11029		2143		8571		10714		47645		95291		147474		884842		1032315		9733257		9880730		9801322		9842677		9627		96269		962687		9754253

				1		1024		1588		9526		11114		2159		8637		10796		48010		96021		148604		891621		1040225		9807834		9956438		9876421		9918093		9809		98092		980916		9875120

				1		1518		1592		9550		11141		2165		8658		10823		48131		96262		148977		893862		1042839		9832478		9981455		9901237		9943014		9870		98703		987030		9915309

				1		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875933		10025569		9944996		9986958		9979		99792		997922		9986482

				2		64		1440		8640		10080		1958		7834		9792		43546		87091		134784		808704		943488		8895744		9030528		8957952		8995749		7826		78261		782609		8470588

				2		128		1511		9067		10578		2055		8220		10276		45696		91392		141440		848640		990080		9335040		9476480		9400320		9439984		8718		87179		871795		9127517

				2		256		1553		9318		10871		2112		8448		10560		46961		93922		145355		872132		1017487		9593449		9738805		9660536		9701298		9296		92958		929577		9530686

				2		512		1576		9455		11030		2143		8572		10715		47651		95302		147491		884945		1032436		9734400		9881891		9802473		9843833		9630		96296		962963		9756098

				2		1024		1588		9526		11114		2159		8637		10796		48012		96024		148608		891648		1040256		9808128		9956736		9876716		9918390		9810		98099		980989		9875598

				2		1518		1592		9550		11142		2165		8659		10823		48132		96263		148979		893874		1042853		9832613		9981592		9901372		9943150		9871		98706		987063		9915530

				2		9618		1599		9592		11191		2174		8697		10871		48344		96688		149636		897814		1047449		9875952		10025588		9945015		9986977		9979		99793		997927		9986513





Tabelle1

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		1,934		3,778				64		7,737		15,111				64		9,671		18,889				64		43,008		84,000				64		86,016		168,000				64		133,120		260,000				64		532,480		1,040,000				64		798,720		1,560,000				64		931,840		1,820,000				64		8,519,680		16,640,000				64		8,884,691		17,352,911

		128		2,048		2,000				128		8,192		8,000				128		10,240		10,000				128		45,538		44,471				128		91,076		88,941				128		140,951		137,647				128		563,802		550,588				128		845,704		825,882				128		986,654		963,529				128		9,020,838		8,809,412				128		9,407,319		9,186,835

		256		2,110		1,030				256		8,440		4,121				256		10,550		5,152				256		46,918		22,909				256		93,836		45,818				256		145,222		70,909				256		580,887		283,636				256		871,331		425,455				256		1,016,553		496,364				256		9,294,196		4,538,182				256		9,692,390		4,732,612

		512		2,143		523				512		8,570		2,092				512		10,713		2,615				512		47,640		11,631				512		95,279		23,262				512		147,456		36,000				512		589,824		144,000				512		884,736		216,000				512		1,032,192		252,000				512		9,437,184		2,304,000				512		9,841,503		2,402,711

		1024		2,159		264				1024		8,637		1,054				1024		10,796		1,318				1024		48,009		5,860				1024		96,018		11,721				1024		148,599		18,140				1024		594,396		72,558				1024		891,594		108,837				1024		1,040,193		126,977				1024		9,510,340		1,160,930				1024		9,917,794		1,210,668

		1280		2,162		211				1280		8,650		845				1280		10,812		1,056				1280		48,083		4,696				1280		96,167		9,391				1280		148,830		14,534				1280		595,319		58,137				1280		892,979		87,205				1280		1,041,809		101,739				1280		9,525,108		930,186				1280		9,933,194		970,039

		1518		2,165		178				1518		8,658		713				1518		10,823		891				1518		48,130		3,963				1518		96,261		7,927				1518		148,975		12,267				1518		595,900		49,069				1518		893,849		73,604				1518		1,042,824		85,872				1518		9,534,393		785,111				1518		9,942,877		818,748

		9618		2,174		28				9618		8,697		113				9618		10,871		141				9618		48,344		628				9618		96,688		1,257				9618		149,636		1,945				9618		598,542		7,779				9618		897,813		11,668				9618		1,047,449		13,613				9618		9,576,674		124,463				9618		9,986,970		129,795

		Mittelwert		2,414						Mittelwert		9,654														Mittelwert		53,667						Mittelwert		107,334						Mittelwert		166,113						Mittelwert		664,450						Mittelwert		996,675						Mittelwert		1,162,788						Mittelwert		10,631,202						Mittelwert		11,086,677

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		10,033,920						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,832		3,579				64		7,330		14,316				64		9,162		17,895				64		40,744		79,579				64		81,489		159,158				64		126,114		246,316				64		504,455		985,263				64		756,682		1,477,895				64		882,796		1,724,211				64		8,977,718		17,534,605				64		8,943,143		17,467,075				631,454

		128		1,989		1,943				128		7,958		7,771				128		9,947		9,714				128		44,237		43,200				128		88,474		86,400				128		136,923		133,714				128		547,694		534,857				128		821,541		802,286				128		958,464		936,000				128		9,460,553		9,238,821				128		9,424,118		9,203,241				346,104

		256		2,079		1,015				256		8,314		4,060				256		10,393		5,075				256		46,218		22,567				256		92,435		45,134				256		143,054		69,851				256		572,217		279,403				256		858,326		419,104				256		1,001,380		488,955				256		9,734,400		4,753,125				256		9,696,910		4,734,820				180,182

		512		2,126		519				512		8,505		2,076				512		10,631		2,595				512		47,276		11,542				512		94,552		23,084				512		146,330		35,725				512		585,322		142,901				512		877,982		214,351				512		1,024,313		250,076				512		9,880,730		2,412,288				512		9,842,677		2,402,997				90,296

		1024		2,151		263				1024		8,603		1,050				1024		10,754		1,313				1024		47,824		5,838				1024		95,647		11,676				1024		148,025		18,069				1024		592,101		72,278				1024		888,152		108,417				1024		1,036,177		126,486				1024		9,956,438		1,215,385				1024		9,918,093		1,210,705				43,455

		1280		2,156		211				1280		8,623		842				1280		10,779		1,053				1280		47,935		4,681				1280		95,869		9,362				1280		148,369		14,489				1280		593,476		57,957				1280		890,214		86,935				1280		1,038,583		101,424				1280		9,971,790		973,808				1280		9,933,387		970,057				33,928

		1518		2,159		178				1518		8,636		711				1518		10,795		889				1518		48,005		3,953				1518		96,009		7,906				1518		148,585		12,235				1518		594,342		48,941				1518		891,512		73,412				1518		1,040,098		85,647				1518		9,981,455		821,925				1518		9,943,014		818,759				27,926

		9618		2,173		28				9618		8,693		113				9618		10,866		141				9618		48,324		628				9618		96,647		1,256				9618		149,573		1,944				9618		598,294		7,776				9618		897,440		11,664				9618		1,047,014		13,607				9618		10,025,584		130,297				9618		9,986,974		129,795

		Mittelwert		2,381						Mittelwert		9,523						Mittelwert		11,904						Mittelwert		52,937						Mittelwert		105,875						Mittelwert		163,854						Mittelwert		655,414						Mittelwert		983,121						Mittelwert		1,146,975						Mittelwert		11,141,238						Mittelwert		11,098,331

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,741		3,400				64		6,963		13,600				64		8,704		17,000				64		38,707		75,600				64		77,414		151,200				64		119,808		234,000				64		479,232		936,000				64		718,848		1,404,000				64		838,656		1,638,000				64		7,667,712		14,976,000				64		7,996,222		15,617,620				-315,467

		128		1,934		1,889				128		7,737		7,556				128		9,671		9,444				128		43,008		42,000				128		86,016		84,000				128		133,120		130,000				128		532,480		520,000				128		798,720		780,000				128		931,840		910,000				128		8,519,680		8,320,000				128		8,884,691		8,676,456				-193,324

		256		2,048		1,000				256		8,192		4,000				256		10,240		5,000				256		45,538		22,235				256		91,076		44,471				256		140,951		68,824				256		563,802		275,294				256		845,704		412,941				256		986,654		481,765				256		9,020,838		4,404,706				256		9,407,319		4,593,418				-109,409

		512		2,110		515				512		8,440		2,061				512		10,550		2,576				512		46,918		11,455				512		93,836		22,909				512		145,222		35,455				512		580,887		141,818				512		871,331		212,727				512		1,016,553		248,182				512		9,294,196		2,269,091				512		9,692,390		2,366,306				-59,991

		1024		2,143		262				1024		8,570		1,046				1024		10,713		1,308				1024		47,640		5,815				1024		95,279		11,631				1024		147,456		18,000				1024		589,824		72,000				1024		884,736		108,000				1024		1,032,192		126,000				1024		9,437,184		1,152,000				1024		9,841,503		1,201,355				-33,135

		1280		2,149		210				1280		8,597		840				1280		10,746		1,049				1280		47,787		4,667				1280		95,573		9,333				1280		147,911		14,444				1280		591,644		57,778				1280		887,467		86,667				1280		1,035,378		101,111				1280		9,466,311		924,444				1280		9,871,878		964,051				-27,580

		1518		2,153		177				1518		8,613		709				1518		10,767		887				1518		47,879		3,943				1518		95,759		7,885				1518		148,198		12,203				1518		592,792		48,814				1518		889,188		73,220				1518		1,037,386		85,424				1518		9,484,670		781,017				1518		9,891,024		814,478				-24,064

		9618		2,172		28				9618		8,690		113				9618		10,862		141				9618		48,304		628				9618		96,607		1,256				9618		149,511		1,943				9618		598,045		7,772				9618		897,068		11,659				9618		1,046,579		13,602				9618		9,568,722		124,360				9618		9,978,677		129,688				-7,825

		Mittelwert		2,350						Mittelwert		9,400						Mittelwert		11,750						Mittelwert		52,254						Mittelwert		104,509						Mittelwert		161,740						Mittelwert		646,958						Mittelwert		970,437						Mittelwert		1,132,177						Mittelwert		10,351,330						Mittelwert		10,794,815

		10BaseT-Duplex								100BaseT-Duplex								1000BaseX-Duplex								10GBaseX-LAN								10GBaseX-WAN

		Brutto-Rate		10,000						Brutto-Rate		100,000						Brutto-Rate		1,000,000						Brutto-Rate		10,000,000						Brutto-Rate		9,294,196

		IGP		12						IGP		12						IGP		12						IGP		5						IGP		5

		Preamble		7						Preamble		7						Preamble		7						Preamble		7						Preamble		7

		SFD		1						SFD		1						SFD		1						SFD		1						SFD		1

		Summe		20								20								20								13								13

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		7,619		14,881				64		76,190		148,810				64		761,905		1,488,095				64		8,311,688		16,233,766				64		7,725,046		15,087,981

		128		8,649		8,446				128		86,486		84,459				128		864,865		844,595				128		9,078,014		8,865,248				128		8,437,285		8,239,536

		256		9,275		4,529				256		92,754		45,290				256		927,536		452,899				256		9,516,729		4,646,840				256		8,845,034		4,318,864

		512		9,624		2,350				512		96,241		23,496				512		962,406		234,962				512		9,752,381		2,380,952				512		9,064,054		2,212,904

		1024		9,808		1,197				1024		98,084		11,973				1024		980,843		119,732				1024		9,874,638		1,205,400				1024		9,177,683		1,120,323

		1280		9,846		962				1280		98,462		9,615				1280		984,615		96,154				1280		9,899,459		966,744				1280		9,200,751		898,511

		1518		9,870		813				1518		98,700		8,127				1518		986,996		81,274				1518		9,915,088		816,460				1518		9,215,278		758,834

		9618		9,979		130				9618		99,792		1,297				9618		997,925		12,969				9618		9,986,502		129,789				9618		9,281,651		120,629

		Mittelwert		10,667						Mittelwert		106,673						Mittelwert		1,066,727						Mittelwert		10,904,928						Mittelwert		10,135,255

		Prozentualer Gewinn VC-12-5v gebenüber VC-12-4v

				10BaseT		VC-12-4v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		7,619		7,330				4%		14%		25%

		128		8,649		7,958				9%		14%		25%

		256		9,275		8,314				12%		14%		25%

		512		9,624		8,505				13%		14%		25%

		1024		9,808		8,603				14%		14%		25%

		1280		9,846		8,623				14%		14%		25%

		1518		9,870		8,636				14%		14%		25%

		9618		9,979		8,693				15%		14%		25%

		Mittelwert		10,667						14%		15%		29%

		Prozentualer Gewinn VC-4-7v gebenüber VC-4-6v

				100BaseT		VC-4-6v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		761,905		756,682				1%		10%		17%

		128		864,865		821,541				5%		10%		17%

		256		927,536		858,326				8%		10%		17%

		512		962,406		877,982				10%		10%		17%

		1024		980,843		888,152				10%		10%		17%

		1280		984,615		890,214				11%		10%		17%

		1518		986,996		891,512				11%		10%		17%

		9618		997,925		897,440				11%		10%		17%

		Mittelwert		1,066,727						10%		11%		19%





Tabelle1

		



VC-12-4v

10BaseT

VC-12-5v

VC-12-4v VLAN

VC-12-5v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-3-2v

100BaseT

VC-3-2v VLAN

VC-3-2v VLAN & GFP-FCS

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-4-7v

GbE

VC-4-6v

VC-4-6v VLAN

VC-4-7v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		64		64		64		64		64		64

		128		128		128		128		128		128

		256		256		256		256		256		256

		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024

		1280		1280		1280		1280		1280		1280

		1518		1518		1518		1518		1518		1518



ODU2

10GbE LAN

VC-4-64c

VC-4-64c VLAN

ODU2 VLAN

10GbE WAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]

8884690.63291139

8311688.31168831

8519680

8071275.78947368

8417075.33644237

7725046.32821724

9407319.49367089

9078014.18439716

9020837.64705882

8763099.42857143

9138538.93670886

8437284.64216634

9692389.78135788

9516728.62453532

9294196.36363636

9155477.01492537

9547727.24730776

8845034.45758702

9841503.47030185

9752380.95238095

9437184

9365144.42748092

9766377.48961252

9064054.35844156

9917794.19487783

9874638.37994214

9510340.46511628

9473621.003861

9879501.55319877

9177682.81230823

9933194.49642267

9899458.62335654

9525108.07453416

9495618.57585139

9902441.57228514

9200751.23391689

9942877.08280107

9915088.17766166

9534392.87024902

9509466.35294118

9916882.63291139

9215277.64859569




_1091272157.xls
10GBase-R

		

				GFP-FCS		Payload bit rate		10,000,000		9,884,160		10,033,920		9,953,280		9,995,277

				0		Frame OH		13		8		8		8		8

				1		Frame OH		13		12		12		12		12

												MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10GBase-R		VC-4-66v		VC-4-67v		ODU1-4v		ODU2

		0		0		64		8,311,688		8,785,920		8,919,040		8,847,360		8,884,691

		0		0		128		9,078,014		9,302,739		9,443,689		9,367,793		9,407,319

		0		0		256		9,516,729		9,584,640		9,729,862		9,651,665		9,692,390

		0		0		512		9,752,381		9,732,096		9,879,552		9,800,153		9,841,503

		0		0		1,024		9,874,638		9,807,539		9,956,138		9,876,123		9,917,794

		0		0		1,518		9,915,088		9,832,343		9,981,318		9,901,100		9,942,877

		0		0		9,618		9,986,502		9,875,945		10,025,581		9,945,008		9,986,970

		0		1		64		8,395,062		8,843,722		8,977,718		8,905,566		8,943,143

		0		1		128		9,103,448		9,319,351		9,460,553		9,384,521		9,424,118

		0		1		256		9,523,810		9,589,110		9,734,400		9,656,167		9,696,910

		0		1		512		9,754,253		9,733,257		9,880,730		9,801,322		9,842,677

		0		1		1,024		9,875,120		9,807,834		9,956,438		9,876,421		9,918,093

		0		1		1,518		9,915,309		9,832,478		9,981,455		9,901,237		9,943,014

		0		1		9,618		9,986,508		9,875,949		10,025,584		9,945,011		9,986,974

		0		2		64		8,470,588		8,895,744		9,030,528		8,957,952		8,995,749

		0		2		128		9,127,517		9,335,040		9,476,480		9,400,320		9,439,984

		0		2		256		9,530,686		9,593,449		9,738,805		9,660,536		9,701,298

		0		2		512		9,756,098		9,734,400		9,881,891		9,802,473		9,843,833

		0		2		1,024		9,875,598		9,808,128		9,956,736		9,876,716		9,918,390

		0		2		1,518		9,915,530		9,832,613		9,981,592		9,901,372		9,943,150

		0		2		9,618		9,986,513		9,875,952		10,025,588		9,945,015		9,986,977

		1		0		64		8,311,688		8,323,503		8,449,617		8,381,709		8,417,075

		1		0		128		9,078,014		9,036,946		9,173,870		9,100,142		9,138,539

		1		0		256		9,516,729		9,441,586		9,584,640		9,507,611		9,547,727

		1		0		512		9,752,381		9,657,805		9,804,136		9,725,342		9,766,377

		1		0		1,024		9,874,638		9,769,672		9,917,697		9,837,991		9,879,502

		1		0		1,518		9,915,088		9,806,637		9,955,223		9,875,215		9,916,883

		1		0		9,618		9,986,502		9,871,843		10,021,417		9,940,877		9,982,822

		1		1		64		8,395,062		8,401,536		8,528,832		8,460,288		8,495,985

		1		1		128		9,103,448		9,060,480		9,197,760		9,123,840		9,162,337

		1		1		256		9,523,810		9,448,094		9,591,247		9,514,165		9,554,309

		1		1		512		9,754,253		9,659,520		9,805,876		9,727,069		9,768,112

		1		1		1,024		9,875,120		9,770,112		9,918,144		9,838,434		9,879,947

		1		1		1,518		9,915,309		9,806,839		9,955,428		9,875,419		9,917,087

		1		1		9,618		9,986,508		9,871,848		10,021,422		9,940,882		9,982,827

		1		2		64		8,470,588		8,472,137		8,600,503		8,531,383		8,567,380

		1		2		128		9,127,517		9,082,742		9,220,359		9,146,257		9,184,849

		1		2		256		9,530,686		9,454,414		9,597,663		9,520,529		9,560,700

		1		2		512		9,756,098		9,661,209		9,807,591		9,728,770		9,769,820

		1		2		1,024		9,875,598		9,770,549		9,918,588		9,838,874		9,880,389

		1		2		1,518		9,915,530		9,807,040		9,955,632		9,875,621		9,917,290

		1		2		9,618		9,986,513		9,871,854		10,021,427		9,940,887		9,982,832





1000Base-X

		

				GFP-FCS		Payload bit rate		1,000,000		898,560		1,048,320

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		1000Base-X		VC-4-6v		VC-4-7v

		0		0		64		761,905		798,720		931,840

		0		0		128		864,865		845,704		986,654

		0		0		256		927,536		871,331		1,016,553

		0		0		512		962,406		884,736		1,032,192

		0		0		1,024		980,843		891,594		1,040,193

		0		0		1,518		986,996		893,849		1,042,824

		0		0		9,618		997,925		897,813		1,047,449

		0		1		64		772,727		803,975		937,971

		0		1		128		868,421		847,214		988,416

		0		1		256		928,571		871,737		1,017,027

		0		1		512		962,687		884,842		1,032,315

		0		1		1,024		980,916		891,621		1,040,225

		0		1		1,518		987,030		893,862		1,042,839

		0		1		9,618		997,926		897,814		1,047,449

		0		2		64		782,609		808,704		943,488

		0		2		128		871,795		848,640		990,080

		0		2		256		929,577		872,132		1,017,487

		0		2		512		962,963		884,945		1,032,436

		0		2		1,024		980,989		891,648		1,040,256

		0		2		1,518		987,063		893,874		1,042,853

		0		2		9,618		997,927		897,814		1,047,449

		1		0		64		761,905		756,682		882,796

		1		0		128		864,865		821,541		958,464

		1		0		256		927,536		858,326		1,001,380

		1		0		512		962,406		877,982		1,024,313

		1		0		1,024		980,843		888,152		1,036,177

		1		0		1,518		986,996		891,512		1,040,098

		1		0		9,618		997,925		897,440		1,047,014

		1		1		64		772,727		763,776		891,072

		1		1		128		868,421		823,680		960,960

		1		1		256		928,571		858,918		1,002,071

		1		1		512		962,687		878,138		1,024,495

		1		1		1,024		980,916		888,192		1,036,224

		1		1		1,518		987,030		891,531		1,040,119

		1		1		9,618		997,926		897,441		1,047,014

		1		2		64		782,609		770,194		898,560

		1		2		128		871,795		825,704		963,321

		1		2		256		929,577		859,492		1,002,741

		1		2		512		962,963		878,292		1,024,674

		1		2		1,024		980,989		888,232		1,036,270

		1		2		1,518		987,063		891,549		1,040,141

		1		2		9,618		997,927		897,441		1,047,015





100Base-T

		

				GFP-FCS		Payload bit rate		100,000		96,768		149,760

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		100Base-T		VC-3-2v		VC-4

		0		0		64		76,190		86,016		133,120

		0		0		128		86,486		91,076		140,951

		0		0		256		92,754		93,836		145,222

		0		0		512		96,241		95,279		147,456

		0		0		1,024		98,084		96,018		148,599

		0		0		1,518		98,700		96,261		148,975

		0		0		9,618		99,792		96,688		149,636

		0		1		64		77,273		86,582		133,996

		0		1		128		86,842		91,238		141,202

		0		1		256		92,857		93,879		145,290

		0		1		512		96,269		95,291		147,474

		0		1		1,024		98,092		96,021		148,604

		0		1		1,518		98,703		96,262		148,977

		0		1		9,618		99,793		96,688		149,636

		0		2		64		78,261		87,091		134,784

		0		2		128		87,179		91,392		141,440

		0		2		256		92,958		93,922		145,355

		0		2		512		96,296		95,302		147,491

		0		2		1,024		98,099		96,024		148,608

		0		2		1,518		98,706		96,263		148,979

		0		2		9,618		99,793		96,688		149,636

		1		0		64		76,190		81,489		126,114

		1		0		128		86,486		88,474		136,923

		1		0		256		92,754		92,435		143,054

		1		0		512		96,241		94,552		146,330

		1		0		1,024		98,084		95,647		148,025

		1		0		1,518		98,700		96,009		148,585

		1		0		9,618		99,792		96,647		149,573

		1		1		64		77,273		82,253		127,296

		1		1		128		86,842		88,704		137,280

		1		1		256		92,857		92,499		143,153

		1		1		512		96,269		94,569		146,356

		1		1		1,024		98,092		95,651		148,032

		1		1		1,518		98,703		96,011		148,588

		1		1		9,618		99,793		96,647		149,573

		1		2		64		78,261		82,944		128,366

		1		2		128		87,179		88,922		137,617

		1		2		256		92,958		92,561		143,249

		1		2		512		96,296		94,585		146,382

		1		2		1,024		98,099		95,656		148,039

		1		2		1,518		98,706		96,013		148,592

		1		2		9,618		99,793		96,648		149,574





10Base-T

		

				GFP-FCS		Payload bit rate		10,000		9,600		11,200		8704		10880

				0		Frame OH		20		8		8		8		8

				1		Frame OH		20		12		12		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10Base-T		VC-11-6v		VC-11-7v		VC-12-4v		VC-12-5v

		0		0		64		7,619		8,533		9,956		7,737		9,671

		0		0		128		8,649		9,035		10,541		8,192		10,240

		0		0		256		9,275		9,309		10,861		8,440		10,550

		0		0		512		9,624		9,452		11,028		8,570		10,713

		0		0		1,024		9,808		9,526		11,113		8,637		10,796

		0		0		1,518		9,870		9,550		11,141		8,658		10,823

		0		0		9,618		9,979		9,592		11,191		8,697		10,871

		0		1		64		7,727		8,589		10,021		7,788		9,735

		0		1		128		8,684		9,051		10,560		8,207		10,258

		0		1		256		9,286		9,313		10,866		8,444		10,555

		0		1		512		9,627		9,453		11,029		8,571		10,714

		0		1		1,024		9,809		9,526		11,114		8,637		10,796

		0		1		1,518		9,870		9,550		11,141		8,658		10,823

		0		1		9,618		9,979		9,592		11,191		8,697		10,871

		0		2		64		7,826		8,640		10,080		7,834		9,792

		0		2		128		8,718		9,067		10,578		8,220		10,276

		0		2		256		9,296		9,318		10,871		8,448		10,560

		0		2		512		9,630		9,455		11,030		8,572		10,715

		0		2		1,024		9,810		9,526		11,114		8,637		10,796

		0		2		1,518		9,871		9,550		11,142		8,659		10,823

		0		2		9,618		9,979		9,592		11,191		8,697		10,871

		1		0		64		7,619		8,084		9,432		7,330		9,162

		1		0		128		8,649		8,777		10,240		7,958		9,947

		1		0		256		9,275		9,170		10,699		8,314		10,393

		1		0		512		9,624		9,380		10,944		8,505		10,631

		1		0		1,024		9,808		9,489		11,070		8,603		10,754

		1		0		1,518		9,870		9,525		11,112		8,636		10,795

		1		0		9,618		9,979		9,588		11,186		8,693		10,866

		1		1		64		7,727		8,160		9,520		7,398		9,248

		1		1		128		8,684		8,800		10,267		7,979		9,973

		1		1		256		9,286		9,176		10,706		8,320		10,400

		1		1		512		9,627		9,382		10,945		8,506		10,633

		1		1		1,024		9,809		9,489		11,071		8,604		10,754

		1		1		1,518		9,870		9,525		11,112		8,636		10,795

		1		1		9,618		9,979		9,588		11,186		8,693		10,866

		1		2		64		7,826		8,229		9,600		7,461		9,326

		1		2		128		8,718		8,822		10,292		7,998		9,998

		1		2		256		9,296		9,183		10,713		8,326		10,407

		1		2		512		9,630		9,383		10,947		8,508		10,635

		1		2		1,024		9,810		9,490		11,071		8,604		10,755

		1		2		1,518		9,871		9,525		11,113		8,636		10,795

		1		2		9,618		9,979		9,588		11,186		8,693		10,866





Sheet1

		

				GFP-FCS		Payload bit rate		1600		9600		11200		2176		8704		10880		48384		96768		149760		898560		1048320		9884160		10033920		9953280		9995276.96202532		10000		100000		1000000		10000000

				0		Frame OH		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		20		20		20		13

				1		Frame OH		12		12		12		12		12		12		12		12		12		12		12		12		12		12		12		20		20		20		13

														MAC-bit rate (kbit/s)

				VLAN Tag		MAC-size (bytes)		VC-11		VC-11-6v		VC-11-7v		VC-12		VC-12-4v		VC-12-5v		VC-3		VC-3-2v		VC-4		VC-4-6v		VC-4-7v		VC-4-66v		VC-4-67v		ODU1-4v		ODU2		10Base-T		100Base-T		1000Base-X		10GBase-R

				0		64		1422		8533		9956		1934		7737		9671		43008		86016		133120		798720		931840		8785920		8919040		8847360		8884691		7619		76190		761905		8311688

				0		128		1506		9035		10541		2048		8192		10240		45538		91076		140951		845704		986654		9302739		9443689		9367793		9407319		8649		86486		864865		9078014

				0		256		1552		9309		10861		2110		8440		10550		46918		93836		145222		871331		1016553		9584640		9729862		9651665		9692390		9275		92754		927536		9516729

				0		512		1575		9452		11028		2143		8570		10713		47640		95279		147456		884736		1032192		9732096		9879552		9800153		9841503		9624		96241		962406		9752381

				0		1024		1588		9526		11113		2159		8637		10796		48009		96018		148599		891594		1040193		9807539		9956138		9876123		9917794		9808		98084		980843		9874638

				0		1518		1592		9550		11141		2165		8658		10823		48130		96261		148975		893849		1042824		9832343		9981318		9901100		9942877		9870		98700		986996		9915088

				0		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875930		10025565		9944993		9986954		9979		99792		997921		9986477

				1		64		1432		8589		10021		1947		7788		9735		43291		86582		133996		803975		937971		8843722		8977718		8905566		8943143		7727		77273		772727		8395062

				1		128		1509		9051		10560		2052		8207		10258		45619		91238		141202		847214		988416		9319351		9460553		9384521		9424118		8684		86842		868421		9103448

				1		256		1552		9313		10866		2111		8444		10555		46940		93879		145290		871737		1017027		9589110		9734400		9656167		9696910		9286		92857		928571		9523810

				1		512		1576		9453		11029		2143		8571		10714		47645		95291		147474		884842		1032315		9733257		9880730		9801322		9842677		9627		96269		962687		9754253

				1		1024		1588		9526		11114		2159		8637		10796		48010		96021		148604		891621		1040225		9807834		9956438		9876421		9918093		9809		98092		980916		9875120

				1		1518		1592		9550		11141		2165		8658		10823		48131		96262		148977		893862		1042839		9832478		9981455		9901237		9943014		9870		98703		987030		9915309

				1		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875933		10025569		9944996		9986958		9979		99792		997922		9986482

				2		64		1440		8640		10080		1958		7834		9792		43546		87091		134784		808704		943488		8895744		9030528		8957952		8995749		7826		78261		782609		8470588

				2		128		1511		9067		10578		2055		8220		10276		45696		91392		141440		848640		990080		9335040		9476480		9400320		9439984		8718		87179		871795		9127517

				2		256		1553		9318		10871		2112		8448		10560		46961		93922		145355		872132		1017487		9593449		9738805		9660536		9701298		9296		92958		929577		9530686

				2		512		1576		9455		11030		2143		8572		10715		47651		95302		147491		884945		1032436		9734400		9881891		9802473		9843833		9630		96296		962963		9756098

				2		1024		1588		9526		11114		2159		8637		10796		48012		96024		148608		891648		1040256		9808128		9956736		9876716		9918390		9810		98099		980989		9875598

				2		1518		1592		9550		11142		2165		8659		10823		48132		96263		148979		893874		1042853		9832613		9981592		9901372		9943150		9871		98706		987063		9915530

				2		9618		1599		9592		11191		2174		8697		10871		48344		96688		149636		897814		1047449		9875952		10025588		9945015		9986977		9979		99793		997927		9986513





Tabelle1

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		1,934		3,778				64		7,737		15,111				64		9,671		18,889				64		43,008		84,000				64		86,016		168,000				64		133,120		260,000				64		532,480		1,040,000				64		798,720		1,560,000				64		931,840		1,820,000				64		8,519,680		16,640,000				64		8,884,691		17,352,911

		128		2,048		2,000				128		8,192		8,000				128		10,240		10,000				128		45,538		44,471				128		91,076		88,941				128		140,951		137,647				128		563,802		550,588				128		845,704		825,882				128		986,654		963,529				128		9,020,838		8,809,412				128		9,407,319		9,186,835

		256		2,110		1,030				256		8,440		4,121				256		10,550		5,152				256		46,918		22,909				256		93,836		45,818				256		145,222		70,909				256		580,887		283,636				256		871,331		425,455				256		1,016,553		496,364				256		9,294,196		4,538,182				256		9,692,390		4,732,612

		512		2,143		523				512		8,570		2,092				512		10,713		2,615				512		47,640		11,631				512		95,279		23,262				512		147,456		36,000				512		589,824		144,000				512		884,736		216,000				512		1,032,192		252,000				512		9,437,184		2,304,000				512		9,841,503		2,402,711

		1024		2,159		264				1024		8,637		1,054				1024		10,796		1,318				1024		48,009		5,860				1024		96,018		11,721				1024		148,599		18,140				1024		594,396		72,558				1024		891,594		108,837				1024		1,040,193		126,977				1024		9,510,340		1,160,930				1024		9,917,794		1,210,668

		1280		2,162		211				1280		8,650		845				1280		10,812		1,056				1280		48,083		4,696				1280		96,167		9,391				1280		148,830		14,534				1280		595,319		58,137				1280		892,979		87,205				1280		1,041,809		101,739				1280		9,525,108		930,186				1280		9,933,194		970,039

		1518		2,165		178				1518		8,658		713				1518		10,823		891				1518		48,130		3,963				1518		96,261		7,927				1518		148,975		12,267				1518		595,900		49,069				1518		893,849		73,604				1518		1,042,824		85,872				1518		9,534,393		785,111				1518		9,942,877		818,748

		9618		2,174		28				9618		8,697		113				9618		10,871		141				9618		48,344		628				9618		96,688		1,257				9618		149,636		1,945				9618		598,542		7,779				9618		897,813		11,668				9618		1,047,449		13,613				9618		9,576,674		124,463				9618		9,986,970		129,795

		Mittelwert		2,414						Mittelwert		9,654														Mittelwert		53,667						Mittelwert		107,334						Mittelwert		166,113						Mittelwert		664,450						Mittelwert		996,675						Mittelwert		1,162,788						Mittelwert		10,631,202						Mittelwert		11,086,677

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		10,033,920						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,832		3,579				64		7,330		14,316				64		9,162		17,895				64		40,744		79,579				64		81,489		159,158				64		126,114		246,316				64		504,455		985,263				64		756,682		1,477,895				64		882,796		1,724,211				64		8,977,718		17,534,605				64		8,943,143		17,467,075				631,454

		128		1,989		1,943				128		7,958		7,771				128		9,947		9,714				128		44,237		43,200				128		88,474		86,400				128		136,923		133,714				128		547,694		534,857				128		821,541		802,286				128		958,464		936,000				128		9,460,553		9,238,821				128		9,424,118		9,203,241				346,104

		256		2,079		1,015				256		8,314		4,060				256		10,393		5,075				256		46,218		22,567				256		92,435		45,134				256		143,054		69,851				256		572,217		279,403				256		858,326		419,104				256		1,001,380		488,955				256		9,734,400		4,753,125				256		9,696,910		4,734,820				180,182

		512		2,126		519				512		8,505		2,076				512		10,631		2,595				512		47,276		11,542				512		94,552		23,084				512		146,330		35,725				512		585,322		142,901				512		877,982		214,351				512		1,024,313		250,076				512		9,880,730		2,412,288				512		9,842,677		2,402,997				90,296

		1024		2,151		263				1024		8,603		1,050				1024		10,754		1,313				1024		47,824		5,838				1024		95,647		11,676				1024		148,025		18,069				1024		592,101		72,278				1024		888,152		108,417				1024		1,036,177		126,486				1024		9,956,438		1,215,385				1024		9,918,093		1,210,705				43,455

		1280		2,156		211				1280		8,623		842				1280		10,779		1,053				1280		47,935		4,681				1280		95,869		9,362				1280		148,369		14,489				1280		593,476		57,957				1280		890,214		86,935				1280		1,038,583		101,424				1280		9,971,790		973,808				1280		9,933,387		970,057				33,928

		1518		2,159		178				1518		8,636		711				1518		10,795		889				1518		48,005		3,953				1518		96,009		7,906				1518		148,585		12,235				1518		594,342		48,941				1518		891,512		73,412				1518		1,040,098		85,647				1518		9,981,455		821,925				1518		9,943,014		818,759				27,926

		9618		2,173		28				9618		8,693		113				9618		10,866		141				9618		48,324		628				9618		96,647		1,256				9618		149,573		1,944				9618		598,294		7,776				9618		897,440		11,664				9618		1,047,014		13,607				9618		10,025,584		130,297				9618		9,986,974		129,795

		Mittelwert		2,381						Mittelwert		9,523						Mittelwert		11,904						Mittelwert		52,937						Mittelwert		105,875						Mittelwert		163,854						Mittelwert		655,414						Mittelwert		983,121						Mittelwert		1,146,975						Mittelwert		11,141,238						Mittelwert		11,098,331

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,741		3,400				64		6,963		13,600				64		8,704		17,000				64		38,707		75,600				64		77,414		151,200				64		119,808		234,000				64		479,232		936,000				64		718,848		1,404,000				64		838,656		1,638,000				64		7,667,712		14,976,000				64		7,996,222		15,617,620				-315,467

		128		1,934		1,889				128		7,737		7,556				128		9,671		9,444				128		43,008		42,000				128		86,016		84,000				128		133,120		130,000				128		532,480		520,000				128		798,720		780,000				128		931,840		910,000				128		8,519,680		8,320,000				128		8,884,691		8,676,456				-193,324

		256		2,048		1,000				256		8,192		4,000				256		10,240		5,000				256		45,538		22,235				256		91,076		44,471				256		140,951		68,824				256		563,802		275,294				256		845,704		412,941				256		986,654		481,765				256		9,020,838		4,404,706				256		9,407,319		4,593,418				-109,409

		512		2,110		515				512		8,440		2,061				512		10,550		2,576				512		46,918		11,455				512		93,836		22,909				512		145,222		35,455				512		580,887		141,818				512		871,331		212,727				512		1,016,553		248,182				512		9,294,196		2,269,091				512		9,692,390		2,366,306				-59,991

		1024		2,143		262				1024		8,570		1,046				1024		10,713		1,308				1024		47,640		5,815				1024		95,279		11,631				1024		147,456		18,000				1024		589,824		72,000				1024		884,736		108,000				1024		1,032,192		126,000				1024		9,437,184		1,152,000				1024		9,841,503		1,201,355				-33,135

		1280		2,149		210				1280		8,597		840				1280		10,746		1,049				1280		47,787		4,667				1280		95,573		9,333				1280		147,911		14,444				1280		591,644		57,778				1280		887,467		86,667				1280		1,035,378		101,111				1280		9,466,311		924,444				1280		9,871,878		964,051				-27,580

		1518		2,153		177				1518		8,613		709				1518		10,767		887				1518		47,879		3,943				1518		95,759		7,885				1518		148,198		12,203				1518		592,792		48,814				1518		889,188		73,220				1518		1,037,386		85,424				1518		9,484,670		781,017				1518		9,891,024		814,478				-24,064

		9618		2,172		28				9618		8,690		113				9618		10,862		141				9618		48,304		628				9618		96,607		1,256				9618		149,511		1,943				9618		598,045		7,772				9618		897,068		11,659				9618		1,046,579		13,602				9618		9,568,722		124,360				9618		9,978,677		129,688				-7,825

		Mittelwert		2,350						Mittelwert		9,400						Mittelwert		11,750						Mittelwert		52,254						Mittelwert		104,509						Mittelwert		161,740						Mittelwert		646,958						Mittelwert		970,437						Mittelwert		1,132,177						Mittelwert		10,351,330						Mittelwert		10,794,815

		10BaseT-Duplex								100BaseT-Duplex								1000BaseX-Duplex								10GBaseX-LAN								10GBaseX-WAN

		Brutto-Rate		10,000						Brutto-Rate		100,000						Brutto-Rate		1,000,000						Brutto-Rate		10,000,000						Brutto-Rate		9,294,196

		IGP		12						IGP		12						IGP		12						IGP		5						IGP		5

		Preamble		7						Preamble		7						Preamble		7						Preamble		7						Preamble		7

		SFD		1						SFD		1						SFD		1						SFD		1						SFD		1

		Summe		20								20								20								13								13

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		7,619		14,881				64		76,190		148,810				64		761,905		1,488,095				64		8,311,688		16,233,766				64		7,725,046		15,087,981

		128		8,649		8,446				128		86,486		84,459				128		864,865		844,595				128		9,078,014		8,865,248				128		8,437,285		8,239,536

		256		9,275		4,529				256		92,754		45,290				256		927,536		452,899				256		9,516,729		4,646,840				256		8,845,034		4,318,864

		512		9,624		2,350				512		96,241		23,496				512		962,406		234,962				512		9,752,381		2,380,952				512		9,064,054		2,212,904

		1024		9,808		1,197				1024		98,084		11,973				1024		980,843		119,732				1024		9,874,638		1,205,400				1024		9,177,683		1,120,323

		1280		9,846		962				1280		98,462		9,615				1280		984,615		96,154				1280		9,899,459		966,744				1280		9,200,751		898,511

		1518		9,870		813				1518		98,700		8,127				1518		986,996		81,274				1518		9,915,088		816,460				1518		9,215,278		758,834

		9618		9,979		130				9618		99,792		1,297				9618		997,925		12,969				9618		9,986,502		129,789				9618		9,281,651		120,629

		Mittelwert		10,667						Mittelwert		106,673						Mittelwert		1,066,727						Mittelwert		10,904,928						Mittelwert		10,135,255

		Prozentualer Gewinn VC-12-5v gebenüber VC-12-4v

				10BaseT		VC-12-4v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		7,619		7,330				4%		14%		25%

		128		8,649		7,958				9%		14%		25%

		256		9,275		8,314				12%		14%		25%

		512		9,624		8,505				13%		14%		25%

		1024		9,808		8,603				14%		14%		25%

		1280		9,846		8,623				14%		14%		25%

		1518		9,870		8,636				14%		14%		25%

		9618		9,979		8,693				15%		14%		25%

		Mittelwert		10,667						14%		15%		29%

		Prozentualer Gewinn VC-4-7v gebenüber VC-4-6v

				100BaseT		VC-4-6v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		761,905		756,682				1%		10%		17%

		128		864,865		821,541				5%		10%		17%

		256		927,536		858,326				8%		10%		17%

		512		962,406		877,982				10%		10%		17%

		1024		980,843		888,152				10%		10%		17%

		1280		984,615		890,214				11%		10%		17%

		1518		986,996		891,512				11%		10%		17%

		9618		997,925		897,440				11%		10%		17%

		Mittelwert		1,066,727						10%		11%		19%





Tabelle1

		



VC-12-4v

10BaseT

VC-12-5v

VC-12-4v VLAN

VC-12-5v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-3-2v

100BaseT

VC-3-2v VLAN

VC-3-2v VLAN & GFP-FCS

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-4-7v

GbE

VC-4-6v

VC-4-6v VLAN

VC-4-7v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		64		64		64		64		64		64

		128		128		128		128		128		128

		256		256		256		256		256		256

		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024

		1280		1280		1280		1280		1280		1280

		1518		1518		1518		1518		1518		1518



ODU2

10GbE LAN

VC-4-64c

VC-4-64c VLAN

ODU2 VLAN

10GbE WAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]

8884690.63291139

8311688.31168831

8519680

8071275.78947368

8417075.33644237

7725046.32821724

9407319.49367089

9078014.18439716

9020837.64705882

8763099.42857143

9138538.93670886

8437284.64216634

9692389.78135788

9516728.62453532

9294196.36363636

9155477.01492537

9547727.24730776

8845034.45758702

9841503.47030185

9752380.95238095

9437184

9365144.42748092

9766377.48961252

9064054.35844156

9917794.19487783

9874638.37994214

9510340.46511628

9473621.003861

9879501.55319877

9177682.81230823

9933194.49642267

9899458.62335654

9525108.07453416

9495618.57585139

9902441.57228514

9200751.23391689

9942877.08280107

9915088.17766166

9534392.87024902

9509466.35294118

9916882.63291139

9215277.64859569




_1091272039.xls
10GBase-R

		

				GFP-FCS		Payload bit rate		10,000,000		9,884,160		10,033,920		9,953,280		9,995,277

				0		Frame OH		13		8		8		8		8

				1		Frame OH		13		12		12		12		12

												MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10GBase-R		VC-4-66v		VC-4-67v		ODU1-4v		ODU2

		0		0		64		8,311,688		8,785,920		8,919,040		8,847,360		8,884,691

		0		0		128		9,078,014		9,302,739		9,443,689		9,367,793		9,407,319

		0		0		256		9,516,729		9,584,640		9,729,862		9,651,665		9,692,390

		0		0		512		9,752,381		9,732,096		9,879,552		9,800,153		9,841,503

		0		0		1,024		9,874,638		9,807,539		9,956,138		9,876,123		9,917,794

		0		0		1,518		9,915,088		9,832,343		9,981,318		9,901,100		9,942,877

		0		0		9,618		9,986,502		9,875,945		10,025,581		9,945,008		9,986,970

		0		1		64		8,395,062		8,843,722		8,977,718		8,905,566		8,943,143

		0		1		128		9,103,448		9,319,351		9,460,553		9,384,521		9,424,118

		0		1		256		9,523,810		9,589,110		9,734,400		9,656,167		9,696,910

		0		1		512		9,754,253		9,733,257		9,880,730		9,801,322		9,842,677

		0		1		1,024		9,875,120		9,807,834		9,956,438		9,876,421		9,918,093

		0		1		1,518		9,915,309		9,832,478		9,981,455		9,901,237		9,943,014

		0		1		9,618		9,986,508		9,875,949		10,025,584		9,945,011		9,986,974

		0		2		64		8,470,588		8,895,744		9,030,528		8,957,952		8,995,749

		0		2		128		9,127,517		9,335,040		9,476,480		9,400,320		9,439,984

		0		2		256		9,530,686		9,593,449		9,738,805		9,660,536		9,701,298

		0		2		512		9,756,098		9,734,400		9,881,891		9,802,473		9,843,833

		0		2		1,024		9,875,598		9,808,128		9,956,736		9,876,716		9,918,390

		0		2		1,518		9,915,530		9,832,613		9,981,592		9,901,372		9,943,150

		0		2		9,618		9,986,513		9,875,952		10,025,588		9,945,015		9,986,977

		1		0		64		8,311,688		8,323,503		8,449,617		8,381,709		8,417,075

		1		0		128		9,078,014		9,036,946		9,173,870		9,100,142		9,138,539

		1		0		256		9,516,729		9,441,586		9,584,640		9,507,611		9,547,727

		1		0		512		9,752,381		9,657,805		9,804,136		9,725,342		9,766,377

		1		0		1,024		9,874,638		9,769,672		9,917,697		9,837,991		9,879,502

		1		0		1,518		9,915,088		9,806,637		9,955,223		9,875,215		9,916,883

		1		0		9,618		9,986,502		9,871,843		10,021,417		9,940,877		9,982,822

		1		1		64		8,395,062		8,401,536		8,528,832		8,460,288		8,495,985

		1		1		128		9,103,448		9,060,480		9,197,760		9,123,840		9,162,337

		1		1		256		9,523,810		9,448,094		9,591,247		9,514,165		9,554,309

		1		1		512		9,754,253		9,659,520		9,805,876		9,727,069		9,768,112

		1		1		1,024		9,875,120		9,770,112		9,918,144		9,838,434		9,879,947

		1		1		1,518		9,915,309		9,806,839		9,955,428		9,875,419		9,917,087

		1		1		9,618		9,986,508		9,871,848		10,021,422		9,940,882		9,982,827

		1		2		64		8,470,588		8,472,137		8,600,503		8,531,383		8,567,380

		1		2		128		9,127,517		9,082,742		9,220,359		9,146,257		9,184,849

		1		2		256		9,530,686		9,454,414		9,597,663		9,520,529		9,560,700

		1		2		512		9,756,098		9,661,209		9,807,591		9,728,770		9,769,820

		1		2		1,024		9,875,598		9,770,549		9,918,588		9,838,874		9,880,389

		1		2		1,518		9,915,530		9,807,040		9,955,632		9,875,621		9,917,290

		1		2		9,618		9,986,513		9,871,854		10,021,427		9,940,887		9,982,832





1000Base-X

		

				GFP-FCS		Payload bit rate		1,000,000		898,560		1,048,320

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		1000Base-X		VC-4-6v		VC-4-7v

		0		0		64		761,905		798,720		931,840

		0		0		128		864,865		845,704		986,654

		0		0		256		927,536		871,331		1,016,553

		0		0		512		962,406		884,736		1,032,192

		0		0		1,024		980,843		891,594		1,040,193

		0		0		1,518		986,996		893,849		1,042,824

		0		0		9,618		997,925		897,813		1,047,449

		0		1		64		772,727		803,975		937,971

		0		1		128		868,421		847,214		988,416

		0		1		256		928,571		871,737		1,017,027

		0		1		512		962,687		884,842		1,032,315

		0		1		1,024		980,916		891,621		1,040,225

		0		1		1,518		987,030		893,862		1,042,839

		0		1		9,618		997,926		897,814		1,047,449

		0		2		64		782,609		808,704		943,488

		0		2		128		871,795		848,640		990,080

		0		2		256		929,577		872,132		1,017,487

		0		2		512		962,963		884,945		1,032,436

		0		2		1,024		980,989		891,648		1,040,256

		0		2		1,518		987,063		893,874		1,042,853

		0		2		9,618		997,927		897,814		1,047,449

		1		0		64		761,905		756,682		882,796

		1		0		128		864,865		821,541		958,464

		1		0		256		927,536		858,326		1,001,380

		1		0		512		962,406		877,982		1,024,313

		1		0		1,024		980,843		888,152		1,036,177

		1		0		1,518		986,996		891,512		1,040,098

		1		0		9,618		997,925		897,440		1,047,014

		1		1		64		772,727		763,776		891,072

		1		1		128		868,421		823,680		960,960

		1		1		256		928,571		858,918		1,002,071

		1		1		512		962,687		878,138		1,024,495

		1		1		1,024		980,916		888,192		1,036,224

		1		1		1,518		987,030		891,531		1,040,119

		1		1		9,618		997,926		897,441		1,047,014

		1		2		64		782,609		770,194		898,560

		1		2		128		871,795		825,704		963,321

		1		2		256		929,577		859,492		1,002,741

		1		2		512		962,963		878,292		1,024,674

		1		2		1,024		980,989		888,232		1,036,270

		1		2		1,518		987,063		891,549		1,040,141

		1		2		9,618		997,927		897,441		1,047,015





100Base-T

		

				GFP-FCS		Payload bit rate		100,000		96,768		149,760

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		100Base-T		VC-3-2v		VC-4

		0		0		64		76,190		86,016		133,120

		0		0		128		86,486		91,076		140,951

		0		0		256		92,754		93,836		145,222

		0		0		512		96,241		95,279		147,456

		0		0		1,024		98,084		96,018		148,599

		0		0		1,518		98,700		96,261		148,975

		0		0		9,618		99,792		96,688		149,636

		0		1		64		77,273		86,582		133,996

		0		1		128		86,842		91,238		141,202

		0		1		256		92,857		93,879		145,290

		0		1		512		96,269		95,291		147,474

		0		1		1,024		98,092		96,021		148,604

		0		1		1,518		98,703		96,262		148,977

		0		1		9,618		99,793		96,688		149,636

		0		2		64		78,261		87,091		134,784

		0		2		128		87,179		91,392		141,440

		0		2		256		92,958		93,922		145,355

		0		2		512		96,296		95,302		147,491

		0		2		1,024		98,099		96,024		148,608

		0		2		1,518		98,706		96,263		148,979

		0		2		9,618		99,793		96,688		149,636

		1		0		64		76,190		81,489		126,114

		1		0		128		86,486		88,474		136,923

		1		0		256		92,754		92,435		143,054

		1		0		512		96,241		94,552		146,330

		1		0		1,024		98,084		95,647		148,025

		1		0		1,518		98,700		96,009		148,585

		1		0		9,618		99,792		96,647		149,573

		1		1		64		77,273		82,253		127,296

		1		1		128		86,842		88,704		137,280

		1		1		256		92,857		92,499		143,153

		1		1		512		96,269		94,569		146,356

		1		1		1,024		98,092		95,651		148,032

		1		1		1,518		98,703		96,011		148,588

		1		1		9,618		99,793		96,647		149,573

		1		2		64		78,261		82,944		128,366

		1		2		128		87,179		88,922		137,617

		1		2		256		92,958		92,561		143,249

		1		2		512		96,296		94,585		146,382

		1		2		1,024		98,099		95,656		148,039

		1		2		1,518		98,706		96,013		148,592

		1		2		9,618		99,793		96,648		149,574





10Base-T

		

				GFP-FCS		Payload bit rate		10,000		9,600		11,200		8704		10880

				0		Frame OH		20		8		8		8		8

				1		Frame OH		20		12		12		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10Base-T		VC-11-6v		VC-11-7v		VC-12-4v		VC-12-5v

		0		0		64		7,619		8,533		9,956		7,737		9,671

		0		0		128		8,649		9,035		10,541		8,192		10,240

		0		0		256		9,275		9,309		10,861		8,440		10,550

		0		0		512		9,624		9,452		11,028		8,570		10,713

		0		0		1,024		9,808		9,526		11,113		8,637		10,796

		0		0		1,518		9,870		9,550		11,141		8,658		10,823

		0		0		9,618		9,979		9,592		11,191		8,697		10,871

		0		1		64		7,727		8,589		10,021		7,788		9,735

		0		1		128		8,684		9,051		10,560		8,207		10,258

		0		1		256		9,286		9,313		10,866		8,444		10,555

		0		1		512		9,627		9,453		11,029		8,571		10,714

		0		1		1,024		9,809		9,526		11,114		8,637		10,796

		0		1		1,518		9,870		9,550		11,141		8,658		10,823

		0		1		9,618		9,979		9,592		11,191		8,697		10,871

		0		2		64		7,826		8,640		10,080		7,834		9,792

		0		2		128		8,718		9,067		10,578		8,220		10,276

		0		2		256		9,296		9,318		10,871		8,448		10,560

		0		2		512		9,630		9,455		11,030		8,572		10,715

		0		2		1,024		9,810		9,526		11,114		8,637		10,796

		0		2		1,518		9,871		9,550		11,142		8,659		10,823

		0		2		9,618		9,979		9,592		11,191		8,697		10,871

		1		0		64		7,619		8,084		9,432		7,330		9,162

		1		0		128		8,649		8,777		10,240		7,958		9,947

		1		0		256		9,275		9,170		10,699		8,314		10,393

		1		0		512		9,624		9,380		10,944		8,505		10,631

		1		0		1,024		9,808		9,489		11,070		8,603		10,754

		1		0		1,518		9,870		9,525		11,112		8,636		10,795

		1		0		9,618		9,979		9,588		11,186		8,693		10,866

		1		1		64		7,727		8,160		9,520		7,398		9,248

		1		1		128		8,684		8,800		10,267		7,979		9,973

		1		1		256		9,286		9,176		10,706		8,320		10,400

		1		1		512		9,627		9,382		10,945		8,506		10,633

		1		1		1,024		9,809		9,489		11,071		8,604		10,754

		1		1		1,518		9,870		9,525		11,112		8,636		10,795

		1		1		9,618		9,979		9,588		11,186		8,693		10,866

		1		2		64		7,826		8,229		9,600		7,461		9,326

		1		2		128		8,718		8,822		10,292		7,998		9,998

		1		2		256		9,296		9,183		10,713		8,326		10,407

		1		2		512		9,630		9,383		10,947		8,508		10,635

		1		2		1,024		9,810		9,490		11,071		8,604		10,755

		1		2		1,518		9,871		9,525		11,113		8,636		10,795

		1		2		9,618		9,979		9,588		11,186		8,693		10,866





Sheet1

		

				GFP-FCS		Payload bit rate		1600		9600		11200		2176		8704		10880		48384		96768		149760		898560		1048320		9884160		10033920		9953280		9995276.96202532		10000		100000		1000000		10000000

				0		Frame OH		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		20		20		20		13

				1		Frame OH		12		12		12		12		12		12		12		12		12		12		12		12		12		12		12		20		20		20		13

														MAC-bit rate (kbit/s)

				VLAN Tag		MAC-size (bytes)		VC-11		VC-11-6v		VC-11-7v		VC-12		VC-12-4v		VC-12-5v		VC-3		VC-3-2v		VC-4		VC-4-6v		VC-4-7v		VC-4-66v		VC-4-67v		ODU1-4v		ODU2		10Base-T		100Base-T		1000Base-X		10GBase-R

				0		64		1422		8533		9956		1934		7737		9671		43008		86016		133120		798720		931840		8785920		8919040		8847360		8884691		7619		76190		761905		8311688

				0		128		1506		9035		10541		2048		8192		10240		45538		91076		140951		845704		986654		9302739		9443689		9367793		9407319		8649		86486		864865		9078014

				0		256		1552		9309		10861		2110		8440		10550		46918		93836		145222		871331		1016553		9584640		9729862		9651665		9692390		9275		92754		927536		9516729

				0		512		1575		9452		11028		2143		8570		10713		47640		95279		147456		884736		1032192		9732096		9879552		9800153		9841503		9624		96241		962406		9752381

				0		1024		1588		9526		11113		2159		8637		10796		48009		96018		148599		891594		1040193		9807539		9956138		9876123		9917794		9808		98084		980843		9874638

				0		1518		1592		9550		11141		2165		8658		10823		48130		96261		148975		893849		1042824		9832343		9981318		9901100		9942877		9870		98700		986996		9915088

				0		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875930		10025565		9944993		9986954		9979		99792		997921		9986477

				1		64		1432		8589		10021		1947		7788		9735		43291		86582		133996		803975		937971		8843722		8977718		8905566		8943143		7727		77273		772727		8395062

				1		128		1509		9051		10560		2052		8207		10258		45619		91238		141202		847214		988416		9319351		9460553		9384521		9424118		8684		86842		868421		9103448

				1		256		1552		9313		10866		2111		8444		10555		46940		93879		145290		871737		1017027		9589110		9734400		9656167		9696910		9286		92857		928571		9523810

				1		512		1576		9453		11029		2143		8571		10714		47645		95291		147474		884842		1032315		9733257		9880730		9801322		9842677		9627		96269		962687		9754253

				1		1024		1588		9526		11114		2159		8637		10796		48010		96021		148604		891621		1040225		9807834		9956438		9876421		9918093		9809		98092		980916		9875120

				1		1518		1592		9550		11141		2165		8658		10823		48131		96262		148977		893862		1042839		9832478		9981455		9901237		9943014		9870		98703		987030		9915309

				1		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875933		10025569		9944996		9986958		9979		99792		997922		9986482

				2		64		1440		8640		10080		1958		7834		9792		43546		87091		134784		808704		943488		8895744		9030528		8957952		8995749		7826		78261		782609		8470588

				2		128		1511		9067		10578		2055		8220		10276		45696		91392		141440		848640		990080		9335040		9476480		9400320		9439984		8718		87179		871795		9127517

				2		256		1553		9318		10871		2112		8448		10560		46961		93922		145355		872132		1017487		9593449		9738805		9660536		9701298		9296		92958		929577		9530686

				2		512		1576		9455		11030		2143		8572		10715		47651		95302		147491		884945		1032436		9734400		9881891		9802473		9843833		9630		96296		962963		9756098

				2		1024		1588		9526		11114		2159		8637		10796		48012		96024		148608		891648		1040256		9808128		9956736		9876716		9918390		9810		98099		980989		9875598

				2		1518		1592		9550		11142		2165		8659		10823		48132		96263		148979		893874		1042853		9832613		9981592		9901372		9943150		9871		98706		987063		9915530

				2		9618		1599		9592		11191		2174		8697		10871		48344		96688		149636		897814		1047449		9875952		10025588		9945015		9986977		9979		99793		997927		9986513





Tabelle1

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		1,934		3,778				64		7,737		15,111				64		9,671		18,889				64		43,008		84,000				64		86,016		168,000				64		133,120		260,000				64		532,480		1,040,000				64		798,720		1,560,000				64		931,840		1,820,000				64		8,519,680		16,640,000				64		8,884,691		17,352,911

		128		2,048		2,000				128		8,192		8,000				128		10,240		10,000				128		45,538		44,471				128		91,076		88,941				128		140,951		137,647				128		563,802		550,588				128		845,704		825,882				128		986,654		963,529				128		9,020,838		8,809,412				128		9,407,319		9,186,835

		256		2,110		1,030				256		8,440		4,121				256		10,550		5,152				256		46,918		22,909				256		93,836		45,818				256		145,222		70,909				256		580,887		283,636				256		871,331		425,455				256		1,016,553		496,364				256		9,294,196		4,538,182				256		9,692,390		4,732,612

		512		2,143		523				512		8,570		2,092				512		10,713		2,615				512		47,640		11,631				512		95,279		23,262				512		147,456		36,000				512		589,824		144,000				512		884,736		216,000				512		1,032,192		252,000				512		9,437,184		2,304,000				512		9,841,503		2,402,711

		1024		2,159		264				1024		8,637		1,054				1024		10,796		1,318				1024		48,009		5,860				1024		96,018		11,721				1024		148,599		18,140				1024		594,396		72,558				1024		891,594		108,837				1024		1,040,193		126,977				1024		9,510,340		1,160,930				1024		9,917,794		1,210,668

		1280		2,162		211				1280		8,650		845				1280		10,812		1,056				1280		48,083		4,696				1280		96,167		9,391				1280		148,830		14,534				1280		595,319		58,137				1280		892,979		87,205				1280		1,041,809		101,739				1280		9,525,108		930,186				1280		9,933,194		970,039

		1518		2,165		178				1518		8,658		713				1518		10,823		891				1518		48,130		3,963				1518		96,261		7,927				1518		148,975		12,267				1518		595,900		49,069				1518		893,849		73,604				1518		1,042,824		85,872				1518		9,534,393		785,111				1518		9,942,877		818,748

		9618		2,174		28				9618		8,697		113				9618		10,871		141				9618		48,344		628				9618		96,688		1,257				9618		149,636		1,945				9618		598,542		7,779				9618		897,813		11,668				9618		1,047,449		13,613				9618		9,576,674		124,463				9618		9,986,970		129,795

		Mittelwert		2,414						Mittelwert		9,654														Mittelwert		53,667						Mittelwert		107,334						Mittelwert		166,113						Mittelwert		664,450						Mittelwert		996,675						Mittelwert		1,162,788						Mittelwert		10,631,202						Mittelwert		11,086,677

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		10,033,920						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,832		3,579				64		7,330		14,316				64		9,162		17,895				64		40,744		79,579				64		81,489		159,158				64		126,114		246,316				64		504,455		985,263				64		756,682		1,477,895				64		882,796		1,724,211				64		8,977,718		17,534,605				64		8,943,143		17,467,075				631,454

		128		1,989		1,943				128		7,958		7,771				128		9,947		9,714				128		44,237		43,200				128		88,474		86,400				128		136,923		133,714				128		547,694		534,857				128		821,541		802,286				128		958,464		936,000				128		9,460,553		9,238,821				128		9,424,118		9,203,241				346,104

		256		2,079		1,015				256		8,314		4,060				256		10,393		5,075				256		46,218		22,567				256		92,435		45,134				256		143,054		69,851				256		572,217		279,403				256		858,326		419,104				256		1,001,380		488,955				256		9,734,400		4,753,125				256		9,696,910		4,734,820				180,182

		512		2,126		519				512		8,505		2,076				512		10,631		2,595				512		47,276		11,542				512		94,552		23,084				512		146,330		35,725				512		585,322		142,901				512		877,982		214,351				512		1,024,313		250,076				512		9,880,730		2,412,288				512		9,842,677		2,402,997				90,296

		1024		2,151		263				1024		8,603		1,050				1024		10,754		1,313				1024		47,824		5,838				1024		95,647		11,676				1024		148,025		18,069				1024		592,101		72,278				1024		888,152		108,417				1024		1,036,177		126,486				1024		9,956,438		1,215,385				1024		9,918,093		1,210,705				43,455

		1280		2,156		211				1280		8,623		842				1280		10,779		1,053				1280		47,935		4,681				1280		95,869		9,362				1280		148,369		14,489				1280		593,476		57,957				1280		890,214		86,935				1280		1,038,583		101,424				1280		9,971,790		973,808				1280		9,933,387		970,057				33,928

		1518		2,159		178				1518		8,636		711				1518		10,795		889				1518		48,005		3,953				1518		96,009		7,906				1518		148,585		12,235				1518		594,342		48,941				1518		891,512		73,412				1518		1,040,098		85,647				1518		9,981,455		821,925				1518		9,943,014		818,759				27,926

		9618		2,173		28				9618		8,693		113				9618		10,866		141				9618		48,324		628				9618		96,647		1,256				9618		149,573		1,944				9618		598,294		7,776				9618		897,440		11,664				9618		1,047,014		13,607				9618		10,025,584		130,297				9618		9,986,974		129,795

		Mittelwert		2,381						Mittelwert		9,523						Mittelwert		11,904						Mittelwert		52,937						Mittelwert		105,875						Mittelwert		163,854						Mittelwert		655,414						Mittelwert		983,121						Mittelwert		1,146,975						Mittelwert		11,141,238						Mittelwert		11,098,331

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,741		3,400				64		6,963		13,600				64		8,704		17,000				64		38,707		75,600				64		77,414		151,200				64		119,808		234,000				64		479,232		936,000				64		718,848		1,404,000				64		838,656		1,638,000				64		7,667,712		14,976,000				64		7,996,222		15,617,620				-315,467

		128		1,934		1,889				128		7,737		7,556				128		9,671		9,444				128		43,008		42,000				128		86,016		84,000				128		133,120		130,000				128		532,480		520,000				128		798,720		780,000				128		931,840		910,000				128		8,519,680		8,320,000				128		8,884,691		8,676,456				-193,324

		256		2,048		1,000				256		8,192		4,000				256		10,240		5,000				256		45,538		22,235				256		91,076		44,471				256		140,951		68,824				256		563,802		275,294				256		845,704		412,941				256		986,654		481,765				256		9,020,838		4,404,706				256		9,407,319		4,593,418				-109,409

		512		2,110		515				512		8,440		2,061				512		10,550		2,576				512		46,918		11,455				512		93,836		22,909				512		145,222		35,455				512		580,887		141,818				512		871,331		212,727				512		1,016,553		248,182				512		9,294,196		2,269,091				512		9,692,390		2,366,306				-59,991

		1024		2,143		262				1024		8,570		1,046				1024		10,713		1,308				1024		47,640		5,815				1024		95,279		11,631				1024		147,456		18,000				1024		589,824		72,000				1024		884,736		108,000				1024		1,032,192		126,000				1024		9,437,184		1,152,000				1024		9,841,503		1,201,355				-33,135

		1280		2,149		210				1280		8,597		840				1280		10,746		1,049				1280		47,787		4,667				1280		95,573		9,333				1280		147,911		14,444				1280		591,644		57,778				1280		887,467		86,667				1280		1,035,378		101,111				1280		9,466,311		924,444				1280		9,871,878		964,051				-27,580

		1518		2,153		177				1518		8,613		709				1518		10,767		887				1518		47,879		3,943				1518		95,759		7,885				1518		148,198		12,203				1518		592,792		48,814				1518		889,188		73,220				1518		1,037,386		85,424				1518		9,484,670		781,017				1518		9,891,024		814,478				-24,064

		9618		2,172		28				9618		8,690		113				9618		10,862		141				9618		48,304		628				9618		96,607		1,256				9618		149,511		1,943				9618		598,045		7,772				9618		897,068		11,659				9618		1,046,579		13,602				9618		9,568,722		124,360				9618		9,978,677		129,688				-7,825

		Mittelwert		2,350						Mittelwert		9,400						Mittelwert		11,750						Mittelwert		52,254						Mittelwert		104,509						Mittelwert		161,740						Mittelwert		646,958						Mittelwert		970,437						Mittelwert		1,132,177						Mittelwert		10,351,330						Mittelwert		10,794,815

		10BaseT-Duplex								100BaseT-Duplex								1000BaseX-Duplex								10GBaseX-LAN								10GBaseX-WAN

		Brutto-Rate		10,000						Brutto-Rate		100,000						Brutto-Rate		1,000,000						Brutto-Rate		10,000,000						Brutto-Rate		9,294,196

		IGP		12						IGP		12						IGP		12						IGP		5						IGP		5

		Preamble		7						Preamble		7						Preamble		7						Preamble		7						Preamble		7

		SFD		1						SFD		1						SFD		1						SFD		1						SFD		1

		Summe		20								20								20								13								13

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		7,619		14,881				64		76,190		148,810				64		761,905		1,488,095				64		8,311,688		16,233,766				64		7,725,046		15,087,981

		128		8,649		8,446				128		86,486		84,459				128		864,865		844,595				128		9,078,014		8,865,248				128		8,437,285		8,239,536

		256		9,275		4,529				256		92,754		45,290				256		927,536		452,899				256		9,516,729		4,646,840				256		8,845,034		4,318,864

		512		9,624		2,350				512		96,241		23,496				512		962,406		234,962				512		9,752,381		2,380,952				512		9,064,054		2,212,904

		1024		9,808		1,197				1024		98,084		11,973				1024		980,843		119,732				1024		9,874,638		1,205,400				1024		9,177,683		1,120,323

		1280		9,846		962				1280		98,462		9,615				1280		984,615		96,154				1280		9,899,459		966,744				1280		9,200,751		898,511

		1518		9,870		813				1518		98,700		8,127				1518		986,996		81,274				1518		9,915,088		816,460				1518		9,215,278		758,834

		9618		9,979		130				9618		99,792		1,297				9618		997,925		12,969				9618		9,986,502		129,789				9618		9,281,651		120,629

		Mittelwert		10,667						Mittelwert		106,673						Mittelwert		1,066,727						Mittelwert		10,904,928						Mittelwert		10,135,255

		Prozentualer Gewinn VC-12-5v gebenüber VC-12-4v

				10BaseT		VC-12-4v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		7,619		7,330				4%		14%		25%

		128		8,649		7,958				9%		14%		25%

		256		9,275		8,314				12%		14%		25%

		512		9,624		8,505				13%		14%		25%

		1024		9,808		8,603				14%		14%		25%

		1280		9,846		8,623				14%		14%		25%

		1518		9,870		8,636				14%		14%		25%

		9618		9,979		8,693				15%		14%		25%

		Mittelwert		10,667						14%		15%		29%

		Prozentualer Gewinn VC-4-7v gebenüber VC-4-6v

				100BaseT		VC-4-6v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		761,905		756,682				1%		10%		17%

		128		864,865		821,541				5%		10%		17%

		256		927,536		858,326				8%		10%		17%

		512		962,406		877,982				10%		10%		17%

		1024		980,843		888,152				10%		10%		17%

		1280		984,615		890,214				11%		10%		17%

		1518		986,996		891,512				11%		10%		17%

		9618		997,925		897,440				11%		10%		17%

		Mittelwert		1,066,727						10%		11%		19%





Tabelle1

		



VC-12-4v

10BaseT

VC-12-5v

VC-12-4v VLAN

VC-12-5v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-3-2v

100BaseT

VC-3-2v VLAN

VC-3-2v VLAN & GFP-FCS

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-4-7v

GbE

VC-4-6v

VC-4-6v VLAN

VC-4-7v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		64		64		64		64		64		64

		128		128		128		128		128		128

		256		256		256		256		256		256

		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024

		1280		1280		1280		1280		1280		1280

		1518		1518		1518		1518		1518		1518



ODU2

10GbE LAN

VC-4-64c

VC-4-64c VLAN

ODU2 VLAN

10GbE WAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]

8884690.63291139

8311688.31168831

8519680

8071275.78947368

8417075.33644237

7725046.32821724

9407319.49367089

9078014.18439716

9020837.64705882

8763099.42857143

9138538.93670886

8437284.64216634

9692389.78135788

9516728.62453532

9294196.36363636

9155477.01492537

9547727.24730776

8845034.45758702

9841503.47030185

9752380.95238095

9437184

9365144.42748092

9766377.48961252

9064054.35844156

9917794.19487783

9874638.37994214

9510340.46511628

9473621.003861

9879501.55319877

9177682.81230823

9933194.49642267

9899458.62335654

9525108.07453416

9495618.57585139

9902441.57228514

9200751.23391689

9942877.08280107

9915088.17766166

9534392.87024902

9509466.35294118

9916882.63291139

9215277.64859569




_1091272087.xls
10GBase-R

		

				GFP-FCS		Payload bit rate		10,000,000		9,884,160		10,033,920		9,953,280		9,995,277

				0		Frame OH		13		8		8		8		8

				1		Frame OH		13		12		12		12		12

												MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10GBase-R		VC-4-66v		VC-4-67v		ODU1-4v		ODU2

		0		0		64		8,311,688		8,785,920		8,919,040		8,847,360		8,884,691

		0		0		128		9,078,014		9,302,739		9,443,689		9,367,793		9,407,319

		0		0		256		9,516,729		9,584,640		9,729,862		9,651,665		9,692,390

		0		0		512		9,752,381		9,732,096		9,879,552		9,800,153		9,841,503

		0		0		1,024		9,874,638		9,807,539		9,956,138		9,876,123		9,917,794

		0		0		1,518		9,915,088		9,832,343		9,981,318		9,901,100		9,942,877

		0		0		9,618		9,986,502		9,875,945		10,025,581		9,945,008		9,986,970

		0		1		64		8,395,062		8,843,722		8,977,718		8,905,566		8,943,143

		0		1		128		9,103,448		9,319,351		9,460,553		9,384,521		9,424,118

		0		1		256		9,523,810		9,589,110		9,734,400		9,656,167		9,696,910

		0		1		512		9,754,253		9,733,257		9,880,730		9,801,322		9,842,677

		0		1		1,024		9,875,120		9,807,834		9,956,438		9,876,421		9,918,093

		0		1		1,518		9,915,309		9,832,478		9,981,455		9,901,237		9,943,014

		0		1		9,618		9,986,508		9,875,949		10,025,584		9,945,011		9,986,974

		0		2		64		8,470,588		8,895,744		9,030,528		8,957,952		8,995,749

		0		2		128		9,127,517		9,335,040		9,476,480		9,400,320		9,439,984

		0		2		256		9,530,686		9,593,449		9,738,805		9,660,536		9,701,298

		0		2		512		9,756,098		9,734,400		9,881,891		9,802,473		9,843,833

		0		2		1,024		9,875,598		9,808,128		9,956,736		9,876,716		9,918,390

		0		2		1,518		9,915,530		9,832,613		9,981,592		9,901,372		9,943,150

		0		2		9,618		9,986,513		9,875,952		10,025,588		9,945,015		9,986,977

		1		0		64		8,311,688		8,323,503		8,449,617		8,381,709		8,417,075

		1		0		128		9,078,014		9,036,946		9,173,870		9,100,142		9,138,539

		1		0		256		9,516,729		9,441,586		9,584,640		9,507,611		9,547,727

		1		0		512		9,752,381		9,657,805		9,804,136		9,725,342		9,766,377

		1		0		1,024		9,874,638		9,769,672		9,917,697		9,837,991		9,879,502

		1		0		1,518		9,915,088		9,806,637		9,955,223		9,875,215		9,916,883

		1		0		9,618		9,986,502		9,871,843		10,021,417		9,940,877		9,982,822

		1		1		64		8,395,062		8,401,536		8,528,832		8,460,288		8,495,985

		1		1		128		9,103,448		9,060,480		9,197,760		9,123,840		9,162,337

		1		1		256		9,523,810		9,448,094		9,591,247		9,514,165		9,554,309

		1		1		512		9,754,253		9,659,520		9,805,876		9,727,069		9,768,112

		1		1		1,024		9,875,120		9,770,112		9,918,144		9,838,434		9,879,947

		1		1		1,518		9,915,309		9,806,839		9,955,428		9,875,419		9,917,087

		1		1		9,618		9,986,508		9,871,848		10,021,422		9,940,882		9,982,827

		1		2		64		8,470,588		8,472,137		8,600,503		8,531,383		8,567,380

		1		2		128		9,127,517		9,082,742		9,220,359		9,146,257		9,184,849

		1		2		256		9,530,686		9,454,414		9,597,663		9,520,529		9,560,700

		1		2		512		9,756,098		9,661,209		9,807,591		9,728,770		9,769,820

		1		2		1,024		9,875,598		9,770,549		9,918,588		9,838,874		9,880,389

		1		2		1,518		9,915,530		9,807,040		9,955,632		9,875,621		9,917,290

		1		2		9,618		9,986,513		9,871,854		10,021,427		9,940,887		9,982,832





1000Base-X

		

				GFP-FCS		Payload bit rate		1,000,000		898,560		1,048,320

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		1000Base-X		VC-4-6v		VC-4-7v

		0		0		64		761,905		798,720		931,840

		0		0		128		864,865		845,704		986,654

		0		0		256		927,536		871,331		1,016,553

		0		0		512		962,406		884,736		1,032,192

		0		0		1,024		980,843		891,594		1,040,193

		0		0		1,518		986,996		893,849		1,042,824

		0		0		9,618		997,925		897,813		1,047,449

		0		1		64		772,727		803,975		937,971

		0		1		128		868,421		847,214		988,416

		0		1		256		928,571		871,737		1,017,027

		0		1		512		962,687		884,842		1,032,315

		0		1		1,024		980,916		891,621		1,040,225

		0		1		1,518		987,030		893,862		1,042,839

		0		1		9,618		997,926		897,814		1,047,449

		0		2		64		782,609		808,704		943,488

		0		2		128		871,795		848,640		990,080

		0		2		256		929,577		872,132		1,017,487

		0		2		512		962,963		884,945		1,032,436

		0		2		1,024		980,989		891,648		1,040,256

		0		2		1,518		987,063		893,874		1,042,853

		0		2		9,618		997,927		897,814		1,047,449

		1		0		64		761,905		756,682		882,796

		1		0		128		864,865		821,541		958,464

		1		0		256		927,536		858,326		1,001,380

		1		0		512		962,406		877,982		1,024,313

		1		0		1,024		980,843		888,152		1,036,177

		1		0		1,518		986,996		891,512		1,040,098

		1		0		9,618		997,925		897,440		1,047,014

		1		1		64		772,727		763,776		891,072

		1		1		128		868,421		823,680		960,960

		1		1		256		928,571		858,918		1,002,071

		1		1		512		962,687		878,138		1,024,495

		1		1		1,024		980,916		888,192		1,036,224

		1		1		1,518		987,030		891,531		1,040,119

		1		1		9,618		997,926		897,441		1,047,014

		1		2		64		782,609		770,194		898,560

		1		2		128		871,795		825,704		963,321

		1		2		256		929,577		859,492		1,002,741

		1		2		512		962,963		878,292		1,024,674

		1		2		1,024		980,989		888,232		1,036,270

		1		2		1,518		987,063		891,549		1,040,141

		1		2		9,618		997,927		897,441		1,047,015





100Base-T

		

				GFP-FCS		Payload bit rate		100,000		96,768		149,760

				0		Frame OH		20		8		8

				1		Frame OH		20		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		100Base-T		VC-3-2v		VC-4

		0		0		64		76,190		86,016		133,120

		0		0		128		86,486		91,076		140,951

		0		0		256		92,754		93,836		145,222

		0		0		512		96,241		95,279		147,456

		0		0		1,024		98,084		96,018		148,599

		0		0		1,518		98,700		96,261		148,975

		0		0		9,618		99,792		96,688		149,636

		0		1		64		77,273		86,582		133,996

		0		1		128		86,842		91,238		141,202

		0		1		256		92,857		93,879		145,290

		0		1		512		96,269		95,291		147,474

		0		1		1,024		98,092		96,021		148,604

		0		1		1,518		98,703		96,262		148,977

		0		1		9,618		99,793		96,688		149,636

		0		2		64		78,261		87,091		134,784

		0		2		128		87,179		91,392		141,440

		0		2		256		92,958		93,922		145,355

		0		2		512		96,296		95,302		147,491

		0		2		1,024		98,099		96,024		148,608

		0		2		1,518		98,706		96,263		148,979

		0		2		9,618		99,793		96,688		149,636

		1		0		64		76,190		81,489		126,114

		1		0		128		86,486		88,474		136,923

		1		0		256		92,754		92,435		143,054

		1		0		512		96,241		94,552		146,330

		1		0		1,024		98,084		95,647		148,025

		1		0		1,518		98,700		96,009		148,585

		1		0		9,618		99,792		96,647		149,573

		1		1		64		77,273		82,253		127,296

		1		1		128		86,842		88,704		137,280

		1		1		256		92,857		92,499		143,153

		1		1		512		96,269		94,569		146,356

		1		1		1,024		98,092		95,651		148,032

		1		1		1,518		98,703		96,011		148,588

		1		1		9,618		99,793		96,647		149,573

		1		2		64		78,261		82,944		128,366

		1		2		128		87,179		88,922		137,617

		1		2		256		92,958		92,561		143,249

		1		2		512		96,296		94,585		146,382

		1		2		1,024		98,099		95,656		148,039

		1		2		1,518		98,706		96,013		148,592

		1		2		9,618		99,793		96,648		149,574





10Base-T

		

				GFP-FCS		Payload bit rate		10,000		9,600		11,200		8704		10880

				0		Frame OH		20		8		8		8		8

				1		Frame OH		20		12		12		12		12

										MAC-bit rate (kbit/s)

		GFP-FCS		VLAN Tag		MAC-size (bytes)		10Base-T		VC-11-6v		VC-11-7v		VC-12-4v		VC-12-5v

		0		0		64		7,619		8,533		9,956		7,737		9,671

		0		0		128		8,649		9,035		10,541		8,192		10,240

		0		0		256		9,275		9,309		10,861		8,440		10,550

		0		0		512		9,624		9,452		11,028		8,570		10,713

		0		0		1,024		9,808		9,526		11,113		8,637		10,796

		0		0		1,518		9,870		9,550		11,141		8,658		10,823

		0		0		9,618		9,979		9,592		11,191		8,697		10,871

		0		1		64		7,727		8,589		10,021		7,788		9,735

		0		1		128		8,684		9,051		10,560		8,207		10,258

		0		1		256		9,286		9,313		10,866		8,444		10,555

		0		1		512		9,627		9,453		11,029		8,571		10,714

		0		1		1,024		9,809		9,526		11,114		8,637		10,796

		0		1		1,518		9,870		9,550		11,141		8,658		10,823

		0		1		9,618		9,979		9,592		11,191		8,697		10,871

		0		2		64		7,826		8,640		10,080		7,834		9,792

		0		2		128		8,718		9,067		10,578		8,220		10,276

		0		2		256		9,296		9,318		10,871		8,448		10,560

		0		2		512		9,630		9,455		11,030		8,572		10,715

		0		2		1,024		9,810		9,526		11,114		8,637		10,796

		0		2		1,518		9,871		9,550		11,142		8,659		10,823

		0		2		9,618		9,979		9,592		11,191		8,697		10,871

		1		0		64		7,619		8,084		9,432		7,330		9,162

		1		0		128		8,649		8,777		10,240		7,958		9,947

		1		0		256		9,275		9,170		10,699		8,314		10,393

		1		0		512		9,624		9,380		10,944		8,505		10,631

		1		0		1,024		9,808		9,489		11,070		8,603		10,754

		1		0		1,518		9,870		9,525		11,112		8,636		10,795

		1		0		9,618		9,979		9,588		11,186		8,693		10,866

		1		1		64		7,727		8,160		9,520		7,398		9,248

		1		1		128		8,684		8,800		10,267		7,979		9,973

		1		1		256		9,286		9,176		10,706		8,320		10,400

		1		1		512		9,627		9,382		10,945		8,506		10,633

		1		1		1,024		9,809		9,489		11,071		8,604		10,754

		1		1		1,518		9,870		9,525		11,112		8,636		10,795

		1		1		9,618		9,979		9,588		11,186		8,693		10,866

		1		2		64		7,826		8,229		9,600		7,461		9,326

		1		2		128		8,718		8,822		10,292		7,998		9,998

		1		2		256		9,296		9,183		10,713		8,326		10,407

		1		2		512		9,630		9,383		10,947		8,508		10,635

		1		2		1,024		9,810		9,490		11,071		8,604		10,755

		1		2		1,518		9,871		9,525		11,113		8,636		10,795

		1		2		9,618		9,979		9,588		11,186		8,693		10,866





Sheet1

		

				GFP-FCS		Payload bit rate		1600		9600		11200		2176		8704		10880		48384		96768		149760		898560		1048320		9884160		10033920		9953280		9995276.96202532		10000		100000		1000000		10000000

				0		Frame OH		8		8		8		8		8		8		8		8		8		8		8		8		8		8		8		20		20		20		13

				1		Frame OH		12		12		12		12		12		12		12		12		12		12		12		12		12		12		12		20		20		20		13

														MAC-bit rate (kbit/s)

				VLAN Tag		MAC-size (bytes)		VC-11		VC-11-6v		VC-11-7v		VC-12		VC-12-4v		VC-12-5v		VC-3		VC-3-2v		VC-4		VC-4-6v		VC-4-7v		VC-4-66v		VC-4-67v		ODU1-4v		ODU2		10Base-T		100Base-T		1000Base-X		10GBase-R

				0		64		1422		8533		9956		1934		7737		9671		43008		86016		133120		798720		931840		8785920		8919040		8847360		8884691		7619		76190		761905		8311688

				0		128		1506		9035		10541		2048		8192		10240		45538		91076		140951		845704		986654		9302739		9443689		9367793		9407319		8649		86486		864865		9078014

				0		256		1552		9309		10861		2110		8440		10550		46918		93836		145222		871331		1016553		9584640		9729862		9651665		9692390		9275		92754		927536		9516729

				0		512		1575		9452		11028		2143		8570		10713		47640		95279		147456		884736		1032192		9732096		9879552		9800153		9841503		9624		96241		962406		9752381

				0		1024		1588		9526		11113		2159		8637		10796		48009		96018		148599		891594		1040193		9807539		9956138		9876123		9917794		9808		98084		980843		9874638

				0		1518		1592		9550		11141		2165		8658		10823		48130		96261		148975		893849		1042824		9832343		9981318		9901100		9942877		9870		98700		986996		9915088

				0		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875930		10025565		9944993		9986954		9979		99792		997921		9986477

				1		64		1432		8589		10021		1947		7788		9735		43291		86582		133996		803975		937971		8843722		8977718		8905566		8943143		7727		77273		772727		8395062

				1		128		1509		9051		10560		2052		8207		10258		45619		91238		141202		847214		988416		9319351		9460553		9384521		9424118		8684		86842		868421		9103448

				1		256		1552		9313		10866		2111		8444		10555		46940		93879		145290		871737		1017027		9589110		9734400		9656167		9696910		9286		92857		928571		9523810

				1		512		1576		9453		11029		2143		8571		10714		47645		95291		147474		884842		1032315		9733257		9880730		9801322		9842677		9627		96269		962687		9754253

				1		1024		1588		9526		11114		2159		8637		10796		48010		96021		148604		891621		1040225		9807834		9956438		9876421		9918093		9809		98092		980916		9875120

				1		1518		1592		9550		11141		2165		8658		10823		48131		96262		148977		893862		1042839		9832478		9981455		9901237		9943014		9870		98703		987030		9915309

				1		9600		1599		9592		11191		2174		8697		10871		48344		96687		149635		897812		1047447		9875933		10025569		9944996		9986958		9979		99792		997922		9986482

				2		64		1440		8640		10080		1958		7834		9792		43546		87091		134784		808704		943488		8895744		9030528		8957952		8995749		7826		78261		782609		8470588

				2		128		1511		9067		10578		2055		8220		10276		45696		91392		141440		848640		990080		9335040		9476480		9400320		9439984		8718		87179		871795		9127517

				2		256		1553		9318		10871		2112		8448		10560		46961		93922		145355		872132		1017487		9593449		9738805		9660536		9701298		9296		92958		929577		9530686

				2		512		1576		9455		11030		2143		8572		10715		47651		95302		147491		884945		1032436		9734400		9881891		9802473		9843833		9630		96296		962963		9756098

				2		1024		1588		9526		11114		2159		8637		10796		48012		96024		148608		891648		1040256		9808128		9956736		9876716		9918390		9810		98099		980989		9875598

				2		1518		1592		9550		11142		2165		8659		10823		48132		96263		148979		893874		1042853		9832613		9981592		9901372		9943150		9871		98706		987063		9915530

				2		9618		1599		9592		11191		2174		8697		10871		48344		96688		149636		897814		1047449		9875952		10025588		9945015		9986977		9979		99793		997927		9986513





Tabelle1

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		1,934		3,778				64		7,737		15,111				64		9,671		18,889				64		43,008		84,000				64		86,016		168,000				64		133,120		260,000				64		532,480		1,040,000				64		798,720		1,560,000				64		931,840		1,820,000				64		8,519,680		16,640,000				64		8,884,691		17,352,911

		128		2,048		2,000				128		8,192		8,000				128		10,240		10,000				128		45,538		44,471				128		91,076		88,941				128		140,951		137,647				128		563,802		550,588				128		845,704		825,882				128		986,654		963,529				128		9,020,838		8,809,412				128		9,407,319		9,186,835

		256		2,110		1,030				256		8,440		4,121				256		10,550		5,152				256		46,918		22,909				256		93,836		45,818				256		145,222		70,909				256		580,887		283,636				256		871,331		425,455				256		1,016,553		496,364				256		9,294,196		4,538,182				256		9,692,390		4,732,612

		512		2,143		523				512		8,570		2,092				512		10,713		2,615				512		47,640		11,631				512		95,279		23,262				512		147,456		36,000				512		589,824		144,000				512		884,736		216,000				512		1,032,192		252,000				512		9,437,184		2,304,000				512		9,841,503		2,402,711

		1024		2,159		264				1024		8,637		1,054				1024		10,796		1,318				1024		48,009		5,860				1024		96,018		11,721				1024		148,599		18,140				1024		594,396		72,558				1024		891,594		108,837				1024		1,040,193		126,977				1024		9,510,340		1,160,930				1024		9,917,794		1,210,668

		1280		2,162		211				1280		8,650		845				1280		10,812		1,056				1280		48,083		4,696				1280		96,167		9,391				1280		148,830		14,534				1280		595,319		58,137				1280		892,979		87,205				1280		1,041,809		101,739				1280		9,525,108		930,186				1280		9,933,194		970,039

		1518		2,165		178				1518		8,658		713				1518		10,823		891				1518		48,130		3,963				1518		96,261		7,927				1518		148,975		12,267				1518		595,900		49,069				1518		893,849		73,604				1518		1,042,824		85,872				1518		9,534,393		785,111				1518		9,942,877		818,748

		9618		2,174		28				9618		8,697		113				9618		10,871		141				9618		48,344		628				9618		96,688		1,257				9618		149,636		1,945				9618		598,542		7,779				9618		897,813		11,668				9618		1,047,449		13,613				9618		9,576,674		124,463				9618		9,986,970		129,795

		Mittelwert		2,414						Mittelwert		9,654														Mittelwert		53,667						Mittelwert		107,334						Mittelwert		166,113						Mittelwert		664,450						Mittelwert		996,675						Mittelwert		1,162,788						Mittelwert		10,631,202						Mittelwert		11,086,677

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		10,033,920						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,832		3,579				64		7,330		14,316				64		9,162		17,895				64		40,744		79,579				64		81,489		159,158				64		126,114		246,316				64		504,455		985,263				64		756,682		1,477,895				64		882,796		1,724,211				64		8,977,718		17,534,605				64		8,943,143		17,467,075				631,454

		128		1,989		1,943				128		7,958		7,771				128		9,947		9,714				128		44,237		43,200				128		88,474		86,400				128		136,923		133,714				128		547,694		534,857				128		821,541		802,286				128		958,464		936,000				128		9,460,553		9,238,821				128		9,424,118		9,203,241				346,104

		256		2,079		1,015				256		8,314		4,060				256		10,393		5,075				256		46,218		22,567				256		92,435		45,134				256		143,054		69,851				256		572,217		279,403				256		858,326		419,104				256		1,001,380		488,955				256		9,734,400		4,753,125				256		9,696,910		4,734,820				180,182

		512		2,126		519				512		8,505		2,076				512		10,631		2,595				512		47,276		11,542				512		94,552		23,084				512		146,330		35,725				512		585,322		142,901				512		877,982		214,351				512		1,024,313		250,076				512		9,880,730		2,412,288				512		9,842,677		2,402,997				90,296

		1024		2,151		263				1024		8,603		1,050				1024		10,754		1,313				1024		47,824		5,838				1024		95,647		11,676				1024		148,025		18,069				1024		592,101		72,278				1024		888,152		108,417				1024		1,036,177		126,486				1024		9,956,438		1,215,385				1024		9,918,093		1,210,705				43,455

		1280		2,156		211				1280		8,623		842				1280		10,779		1,053				1280		47,935		4,681				1280		95,869		9,362				1280		148,369		14,489				1280		593,476		57,957				1280		890,214		86,935				1280		1,038,583		101,424				1280		9,971,790		973,808				1280		9,933,387		970,057				33,928

		1518		2,159		178				1518		8,636		711				1518		10,795		889				1518		48,005		3,953				1518		96,009		7,906				1518		148,585		12,235				1518		594,342		48,941				1518		891,512		73,412				1518		1,040,098		85,647				1518		9,981,455		821,925				1518		9,943,014		818,759				27,926

		9618		2,173		28				9618		8,693		113				9618		10,866		141				9618		48,324		628				9618		96,647		1,256				9618		149,573		1,944				9618		598,294		7,776				9618		897,440		11,664				9618		1,047,014		13,607				9618		10,025,584		130,297				9618		9,986,974		129,795

		Mittelwert		2,381						Mittelwert		9,523						Mittelwert		11,904						Mittelwert		52,937						Mittelwert		105,875						Mittelwert		163,854						Mittelwert		655,414						Mittelwert		983,121						Mittelwert		1,146,975						Mittelwert		11,141,238						Mittelwert		11,098,331

		VC-12								VC-12-4v								VC-12-5v								VC-3								VC-3-2v								VC-4								VC-4-4v (4c)								VC-4-6v								VC-4-7v								VC-4-64c								ODU2

		VC-Bitrate		2,240						VC-Bitrate		8,960						VC-Bitrate		11,200						VC-Bitrate		48,960						VC-Bitrate		97,920						VC-Bitrate		150,336						VC-Bitrate		601,344						VC-Bitrate		902,016						VC-Bitrate		1,052,352						VC-Bitrate		9,621,504						ODU2		10,037,274

		Payload		2,176						Payload		8,704						Payload		10,880						Payload		48,384						Payload		96,768						Payload		149,760						Payload		599,040						Payload		898,560						Payload		1,048,320						Payload		9,584,640						Payload		9,995,277

		GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes						GFP-OH		8 Bytes

		GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes						GFP-FCS		4 Bytes

		VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						VLAN-Tag		4 Bytes						ODU2-10G-LAN

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-kbit/s

		64		1,741		3,400				64		6,963		13,600				64		8,704		17,000				64		38,707		75,600				64		77,414		151,200				64		119,808		234,000				64		479,232		936,000				64		718,848		1,404,000				64		838,656		1,638,000				64		7,667,712		14,976,000				64		7,996,222		15,617,620				-315,467

		128		1,934		1,889				128		7,737		7,556				128		9,671		9,444				128		43,008		42,000				128		86,016		84,000				128		133,120		130,000				128		532,480		520,000				128		798,720		780,000				128		931,840		910,000				128		8,519,680		8,320,000				128		8,884,691		8,676,456				-193,324

		256		2,048		1,000				256		8,192		4,000				256		10,240		5,000				256		45,538		22,235				256		91,076		44,471				256		140,951		68,824				256		563,802		275,294				256		845,704		412,941				256		986,654		481,765				256		9,020,838		4,404,706				256		9,407,319		4,593,418				-109,409

		512		2,110		515				512		8,440		2,061				512		10,550		2,576				512		46,918		11,455				512		93,836		22,909				512		145,222		35,455				512		580,887		141,818				512		871,331		212,727				512		1,016,553		248,182				512		9,294,196		2,269,091				512		9,692,390		2,366,306				-59,991

		1024		2,143		262				1024		8,570		1,046				1024		10,713		1,308				1024		47,640		5,815				1024		95,279		11,631				1024		147,456		18,000				1024		589,824		72,000				1024		884,736		108,000				1024		1,032,192		126,000				1024		9,437,184		1,152,000				1024		9,841,503		1,201,355				-33,135

		1280		2,149		210				1280		8,597		840				1280		10,746		1,049				1280		47,787		4,667				1280		95,573		9,333				1280		147,911		14,444				1280		591,644		57,778				1280		887,467		86,667				1280		1,035,378		101,111				1280		9,466,311		924,444				1280		9,871,878		964,051				-27,580

		1518		2,153		177				1518		8,613		709				1518		10,767		887				1518		47,879		3,943				1518		95,759		7,885				1518		148,198		12,203				1518		592,792		48,814				1518		889,188		73,220				1518		1,037,386		85,424				1518		9,484,670		781,017				1518		9,891,024		814,478				-24,064

		9618		2,172		28				9618		8,690		113				9618		10,862		141				9618		48,304		628				9618		96,607		1,256				9618		149,511		1,943				9618		598,045		7,772				9618		897,068		11,659				9618		1,046,579		13,602				9618		9,568,722		124,360				9618		9,978,677		129,688				-7,825

		Mittelwert		2,350						Mittelwert		9,400						Mittelwert		11,750						Mittelwert		52,254						Mittelwert		104,509						Mittelwert		161,740						Mittelwert		646,958						Mittelwert		970,437						Mittelwert		1,132,177						Mittelwert		10,351,330						Mittelwert		10,794,815

		10BaseT-Duplex								100BaseT-Duplex								1000BaseX-Duplex								10GBaseX-LAN								10GBaseX-WAN

		Brutto-Rate		10,000						Brutto-Rate		100,000						Brutto-Rate		1,000,000						Brutto-Rate		10,000,000						Brutto-Rate		9,294,196

		IGP		12						IGP		12						IGP		12						IGP		5						IGP		5

		Preamble		7						Preamble		7						Preamble		7						Preamble		7						Preamble		7

		SFD		1						SFD		1						SFD		1						SFD		1						SFD		1

		Summe		20								20								20								13								13

		MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s				MAC-Size		MAC-kbit/s		MAC-p/s

		64		7,619		14,881				64		76,190		148,810				64		761,905		1,488,095				64		8,311,688		16,233,766				64		7,725,046		15,087,981

		128		8,649		8,446				128		86,486		84,459				128		864,865		844,595				128		9,078,014		8,865,248				128		8,437,285		8,239,536

		256		9,275		4,529				256		92,754		45,290				256		927,536		452,899				256		9,516,729		4,646,840				256		8,845,034		4,318,864

		512		9,624		2,350				512		96,241		23,496				512		962,406		234,962				512		9,752,381		2,380,952				512		9,064,054		2,212,904

		1024		9,808		1,197				1024		98,084		11,973				1024		980,843		119,732				1024		9,874,638		1,205,400				1024		9,177,683		1,120,323

		1280		9,846		962				1280		98,462		9,615				1280		984,615		96,154				1280		9,899,459		966,744				1280		9,200,751		898,511

		1518		9,870		813				1518		98,700		8,127				1518		986,996		81,274				1518		9,915,088		816,460				1518		9,215,278		758,834

		9618		9,979		130				9618		99,792		1,297				9618		997,925		12,969				9618		9,986,502		129,789				9618		9,281,651		120,629

		Mittelwert		10,667						Mittelwert		106,673						Mittelwert		1,066,727						Mittelwert		10,904,928						Mittelwert		10,135,255

		Prozentualer Gewinn VC-12-5v gebenüber VC-12-4v

				10BaseT		VC-12-4v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		7,619		7,330				4%		14%		25%

		128		8,649		7,958				9%		14%		25%

		256		9,275		8,314				12%		14%		25%

		512		9,624		8,505				13%		14%		25%

		1024		9,808		8,603				14%		14%		25%

		1280		9,846		8,623				14%		14%		25%

		1518		9,870		8,636				14%		14%		25%

		9618		9,979		8,693				15%		14%		25%

		Mittelwert		10,667						14%		15%		29%

		Prozentualer Gewinn VC-4-7v gebenüber VC-4-6v

				100BaseT		VC-4-6v

		MAC-Size		MAC-kbit/s		MAC-kbit/s				Gewinn		durchschnittl. Gewinn		zusätzliche Resourcen.

		64		761,905		756,682				1%		10%		17%

		128		864,865		821,541				5%		10%		17%

		256		927,536		858,326				8%		10%		17%

		512		962,406		877,982				10%		10%		17%

		1024		980,843		888,152				10%		10%		17%

		1280		984,615		890,214				11%		10%		17%

		1518		986,996		891,512				11%		10%		17%

		9618		997,925		897,440				11%		10%		17%

		Mittelwert		1,066,727						10%		11%		19%





Tabelle1

		



VC-12-4v

10BaseT

VC-12-5v

VC-12-4v VLAN

VC-12-5v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-3-2v

100BaseT

VC-3-2v VLAN

VC-3-2v VLAN & GFP-FCS

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		



VC-4-7v

GbE

VC-4-6v

VC-4-6v VLAN

VC-4-7v VLAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0

0

0.1355229399

0



		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0

		0		0		0



Gewinn

durchschnittl. Gewinn

zusätzliche Resourcen.

MAC-Size [Byte]

Gewinn, Aufwand

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		64		64		64		64		64		64

		128		128		128		128		128		128

		256		256		256		256		256		256

		512		512		512		512		512		512

		1024		1024		1024		1024		1024		1024

		1280		1280		1280		1280		1280		1280

		1518		1518		1518		1518		1518		1518



ODU2

10GbE LAN

VC-4-64c

VC-4-64c VLAN

ODU2 VLAN

10GbE WAN

MAC-Size [Byte]

MAC-Bitrate [kbit/s]

8884690.63291139

8311688.31168831

8519680

8071275.78947368

8417075.33644237

7725046.32821724

9407319.49367089

9078014.18439716

9020837.64705882

8763099.42857143

9138538.93670886

8437284.64216634

9692389.78135788

9516728.62453532

9294196.36363636

9155477.01492537

9547727.24730776

8845034.45758702

9841503.47030185

9752380.95238095

9437184

9365144.42748092

9766377.48961252

9064054.35844156

9917794.19487783

9874638.37994214

9510340.46511628

9473621.003861

9879501.55319877

9177682.81230823

9933194.49642267

9899458.62335654

9525108.07453416

9495618.57585139

9902441.57228514

9200751.23391689

9942877.08280107

9915088.17766166

9534392.87024902

9509466.35294118

9916882.63291139

9215277.64859569




_1091023727.unknown

_1084628083.unknown

_1084803600.unknown

_1084631183.unknown

_1084627320.unknown

_1082276232.unknown

_1082277588.unknown

_1082278363.unknown

_1082276931.unknown

_1082189731.unknown

_1082275854.unknown

_1082128314.unknown

_1082186689.unknown

_1080373762.unknown

