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1. RPR MAC frame format

This clause defines in detail the frame structure for data communication using the RPR MAC. It defines the syntax and the semantics of the various components of the MAC frames. All stations shall be able to properly construct frames for transmission and decode frames upon reception, as specified in this clause.

Overview

Each frame consists of the following basic components:

a) A MAC header

b) MAC header error check sequence

c) A payload of variable octet length, including zero length payloads

d) A payload check sequence (FCS) for non-zero length payloads, which contains an IEEE 32-bit cyclic redundancy code (CRC). 

Conventions

The MAC protocol data units (MPDUs) or frames in the MAC sub layer are described as a sequence of fields in specific order. Each figure in this clause depicts the fields or sub fields as they appear in the MAC frame and in the order in which they are passed to the reconciliation sub-layer, from top to bottom. 

Each field or sub field is represented with the left most bit representing LSB and right most bit representing MSB. The order of transmission of each field is LSB first and MSB last. The only exception to this is the FCS.

In figures, all bits within fields are numbered, from 0 to k, where the length of the field is k + 1 bit. 0 is LSB and k is the MSB. The octet boundaries within a field can be obtained by taking the bit numbers of the field modulo 8. Octets within numeric fields that are longer than a single octet are depicted in increasing order of significance, from lowest numbered bit to highest numbered bit. The octets in fields longer than a single octet are sent to the reconciliation sub layer in order from the octet containing the lowest numbered bits to the octet containing the highest numbered bits.

Reserved fields and sub fields are set to 0 upon transmission and are ignored upon reception.

General Frame Format

The MAC frame format comprises a set of fields that occur in a fixed order in all frames. Figure 1 depicts the general MAC frame format


Figure 1: General RPR frame format

The minimum payload length is TBD. The maximum payload length in octet is TBD
RPR Frame Header

The RPR Frame header consists of 7 sub-fields.





Figure 2: RPR frame header organization

Physical Layer Information (PLI)

The Physical Layer Information (PLI) sub-field carries information conveyed from the MAC to the reconciliation sub-layer. The organization and the semantics of the octets depend upon the type of physical layer RPR operates over. If this sub-field is not used it should be set all zeros.

The PLI octet values could be overwritten by new octet values by the reconciliation sub-layer.

PLI for Ethernet Physical layer

The PLI sub-field would contain Ethernet preamble and start-of-frame delimiter (or OAM information if defined by 802.3ah, EFM study group). While transferring RPR frames over Ethernet physical layers this sub-field has two octet values. A 7-octet preamble element followed by a 1 octet SFD. The preamble is used to allow the PLS circuitry to reach its steady-state synchronization with the received frame’s timing (see x.y.z.). The SFD follows the preamble pattern and indicates the start of next sub-field of the RPR MAC header.



Figure 3: Physical Layer Information field for Ethernet PHY

PLI for GFP SONET Physical layer

The PLI sub-field contains the frame length indicator in 2 octets. The rest of octets are set zeros


Figure 4: Physical Layer Information filed for GFP SONET PHY

PLI for POS SONET Physical layer

The PLI sub-field contains no information and all 8 octets must be set to zeros for the POS SONET physical layer.

Destination Address (DA)

The Destination Address (DA) sub-field contains an IEEE MAC individual or multicast (including broadcast) address that identifies the RPR destination NODE on the ring as the final recipient(s) of the payload contained in the frame body field.

Source Address (SA)

The Source Address (SA) sub-field contains an IEEE MAC individual address that identifies the source RPR node that inserts the frame on the RPR media. RPR stations will interpret the SA in the transit path to ensure that packets introduced by an RPR station does not circulate on the RPR media more than once around the ring.

Payload Type Indicator (PTI)

This two-octet field takes on two meanings depending on its numeric value. For numeric evaluation, the first octet is the most significant octet.

a) Length interpretation: If the value of this filed is less than or equal the 1535 decimal value then this filed indicates the number of MAC client octets contained in the subsequent payload field. When this field is interpreted as a length value of the number of octets in the MAC client PDU and if the payload field contains more octets than this numeric value, those additional octets are set zero and not considered as a part of the MAC client PDU.

b) Type interpretation: If the value of this field is greater than or equal to 1536 decimal value then this field indicates the nature of the MAC client protocol carried in the payload. All octets in payload are treated as being part of the MAC client PDU.

Time To Live (TTL)

The TTL field is one octet in length. The TTL value can range from 0 to 255 supporting a ring size of up to 255 stations. The TTL value is decremented by 1 when the packet transits through each RPR station, and is discarded when equal to zero.

Class Of Service 

These 3 bits are interpreted as a binary number by the MAC client to indicate the class of service of this frame. These bits are capable of representing 8 different user classes. 

In the promiscuous operation mode, the highest priority class is represented by the binary sequence of XXX is interpreted in the MAC transit path and sent to the transit buffer. Frames with all other COS bit mapping will sent to the MAC client.

Flow Identifier (FID)

The MAC client to indicate service flows to the other MAC client uses the FID sub-field. This is a 20-bit field. The following FID values have special meaning – TBD

RPR Frame Header Check (HEC) Sequence

The HEC sub-field is a two-octet field containing a CRC-16 computed over all RPR frame header fields. The HEC is calculated using the following standard generator polynomial of degree 16: 

G(x) = x16 + x12 + x5 + 1

Payload Frame Check Sequence (FCS)

The FCS field is a 4-octet (32-bit) Cyclic Redundancy Check (CRC) value. The FCS is calculated over all the octets of the payload. The FCS is calculated using the following standard generator polynomial of degree 32:

G(x) = x 32 + x 26 + x 23 + x 22 + x 16 + x 12 + x 11 + x 10 + x 8 + x 7 + x 5 + x 4 + x 2 + x + 1

Mathematically, the CRC value corresponsing to a given frame is defined by the following procedure:

a) The first 32 bits of the payload are complemented

b) The n bits of the frame are then considered to be coefficinets of a polynomial M(x) of degree n-1.

c) M(x) is multplied by x 32 and divided by G(x), producing a remainder R(x) of degree <= 31.

d) The coefficients of R(x) are considered to be a 32 –bit sequence

e) This bit sequence is compemented and the result is the CRC.

The 32 bits of the CRC value are placed in the FCS filed so that term x 31 is the left most bit of the first octet of the FCS and the term x 0 is the right most bit of the 4th octet.

RPR Control Frames

RPR control frames are used for topology discovery, protection switching, bandwidth management control, flow control and OAM of RPR. The RPR control frame is identified by a unique PTI value of TBD in the RPR frame header indicating that the payload carried in the RPR frame is a RPR control frame.

The general structure of an RPR control is shown below



Figure 5: Structure of RPR control frame

For RPR control frames the SA value is always set to the node that originates the RPR control frame on the ring. The DA value of the RPR frame is either set to a specific value of the destination station on the same ring (control frames are not bridged between rings) or to the broadcast MAC address value depending on the type of control frame. The TTL values of the RPR control are either set the maxNodeCount or to a value of 1. The value of 1 is used to send control information to neighboring stations. The COS bit values are set to the highest priority to ensure RPR control traffic does not suffer any congestion on the ring. 

Operational Codes

	Operational Codes (Hexadecimal notation)
	Control Function

	00-00 to FF-00
	Reserved

	00-01
	Flow Control (Pause)

	00-02 to 00-FF
	Reserved

	01-00
	Bandwidth Management (RCF updates)

	01-01
	Protection Switching (protection event)

	01-02
	OAM

	01-03
	Topology (Status)

	01-04
	Topology (neighbor hello)

	01-04-FF-FF
	Reserved


Table 1: Operational Code Values

Flow Control Frames

Flow control frames are always sent to any RPR station on the same ring. The flow control frame induces the destination station to pause transmission for a duration defined in the flow control frame. This duration is encoded as a two-octet, unsigned integer. The pause time is measured in time units equal to bit time of the RPR ring (data rate). The Pause control frame also specifies the ringlet. The ringlet span affected is a combination of the ringlet ID and destination RPR station address.

The DA value is set to the destination node address. The SA value in the flow control frame is set to the address of the station that sources the flow control frame. The PTI value is set to indicate RPR control frame (TBD). The TTL value is set to maxNodeCount. The COS value is set 111 and the OC is set 00-01.



Figure 6: Control Information for Flow Control

Bandwidth Management Control Frame

The Bandwidth Management control is an RCF update message. This control frame can be sent to any RPR station on the same ring. The RCF message applies to the upstream ring span of the ringlet ID specified of the destination station. The RCF update control message contains the ringlet ID value octet and 4-octet value for RCF. The PTI value is set to indicate RPR control frame (TBD). The TTL value is set maxNodeCount. The COS value is set 111 and the OC is set 01-00.





Figure 7: Bandwidth Management Control Frame

Protection Switching Control Frame

There are two type of protection switching related control frames. These are link status message and neighbor keep-alive message.

The link status message is sent to all RPR stations as a broadcast message. The link status message indicates the ringlet ID and the upstream status of the ringlet specified at the destination station.


Figure 8: Protection Switching Control Frame

OAM control Frames

There are 4 types of OAM Control frames. These are:

a) Ping Request

b) Ping Reply

c) Continuity Check

d) Remote Defect Indication

e) Continuity Check (CC) activation or deactivation requests

The OAM control frame has an OAM type octet that identifies the OAM control frame to one of the above. Each OAM type of control frame has further octets that specify information for each type.

	OAM Type
	Description

	0x0
	Ping request

	0x1
	Ping reply

	0x2
	Continuity Check

	0x3
	Remote Defect Indication

	0x4
	CC Activation/Deactivation

	All the others
	Reserved


Ping Request OAM Control Frame

The ping request control frame has one octet to identify the type of ping response the source stations wants from the destination station to which the ping request is set. The other two octets provide an identifier and sequence number to map responses to ping requests.




Figure 9: Protection Switching Control Frame
Ping Reply OAM Control Frame

The ping reply control message uses an identifier and sequence number to match the ping requests.





Figure 10: Protection Switching Control Frame

Continuity Check OAM Control Frame

There are no additional octets for the OAM Continuity Check control frame



Figure 11: Protection Switching Control Frame

Remote Defect Indication OAM Control Frame

The Remote Defect Indication AOM control frame has a defect type indication and a ringlet ID octet.





Figure 12: RDI OAM control frame

Continuity Check Activation or Deactivation OAM Control Frame

The CC OAM control frame is used in request and acknowledgement scheme. Requests and acknowledgements are matched used the identifier and sequence number octets. The CC control frame also identifies the type of message (request or response or confirmation) and the ringlet.


Figure 12: RDI OAM control frame

Topology Control Frames

There are two types of topology control frames. The topology status frame and the neighbor hello control frame. Each has its on control operational code.

Topology Status Control Frames.

The topology status control frame has the following fields:

a) 32 bit unsigned image version integer

b) 8 bit unsigned integer indicating number of clockwise ringlets

c) 8 bit unsigned integer indicating number of counter-clockwise ringlets

d) Ringlet id-octet, 48 bit MAC address and status-octet of the outgoing link to the station that is sending the topology status message.

e) A private data length indicator-octet, number of private data octets.

The topology status control frame is sent as a broadcast frame.




Figure 13: RDI OAM control frame

Topology Neighbor Hello Control Frames

The topology neighbor hello has a ringlet ID-octet followed by a 32 bit unsigned integer of the image version. This control frame is sent as a broadcast frame but the TTL value is set to 1.


Figure 13: RDI OAM control frame
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