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Text Proposals of HR-MS Forwarding in 16n Network
Sungcheol Chang, Eunkyung Kim, Sungkyung Kim, Hyun Lee, Chulsik Yoon
ETRI
Introductions
This contribution provides AWD text proposals of HR-MS forwarding operation. A entities configuration of HR-MS forwarding functionality consists of an HR-BS, a forwarding HR-MS, and one or more HR-MSs. The forwarding HR-MS is under HR-BS coverage, but near boundary of HR-BS coverage. One or more HR-MSs are out of BS coverage. The forwarding HR-MS has two interfaces: 1) infrastructure air interface between HR-BS and a forwarding HR-MS; 2) Direct communication air interface between a forwarding HR MS and HR-MSs out of the BS coverage. The one follows infrastructure communication protocol of WirelessMAN-Advanced Air interface and the other follows direct communication protocol of WirelessMAN HR Advanced Air interface. 

The direct communication protocol is out of scope of this contribution, but a set of the following contributions are proposed for 16n direct communication[6][7][8]:

· PHY Frame and Physical Structure

· PHY Control Structure
· MAC Control procedure

A forwarding HR-MS has an interworking function between the two interfaces. To do this, HR-BS has information of HR-MSs out of BS coverage and provides additional forwarding functionalities in infrastructure air interface. When HR-BS supports an extension of infrastructure communication using direct communication to HR-MS out of BS coverage, additional transport connection is established between HR-BS and the forwarding HR-MS. The forwarding HR-MS forwards all the data packets on the additional transport connection from HR-BS to HR-MS out of BS coverage. The forwarding HR-MS forwards all the data packets from HR-MS out of BS coverage to HR-BS using the additional transport connection. Figure 1 illustrates that a forwarding HR-MS has two types of radio interfaces: infrastructure communication interface and direct communication interface.
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Figure 1: A configuration for HR-MS forwarding functionality.

The additional transport connection between HR-BS and the forwarding HR-MS is called as forwarding transport connection. It supports forwarding functions at an infrastructure air interface and the forwarding transport connection carries MAC PDUs at infrastructure communication interface, which minimizes the modification of MAC PDU format and its transmission operation at infrastructure communication interface. The forwarding transport connections are managed using the dynamic service flow management procedures and modifications of service flow description is required to identify service flow used for forwarding traffic data at forwarding MS. Figure 2 illustrates that the forwarding HR-MS, MS A, maps forwarding transport connections, FID k and FID n, to direct communication links, a direct communication link between MS A and MS B and a direct communication link between MS A and MS C, respectively.
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Figure 2: MS A maps FID k and FID n to direct communication links, respectively.

The HR-BS maintains the list of HR-MSs out of coverage so that the HR-MSs may be paged or be connected to network via forwarding HR-MS. The procedure to update the list of HR-MSs follows:
· The MS list is advertised from the BS to all the MSs within the coverage.
· The forwarding MS detects an MS not listed in the MS list. The MS is out of service coverage and is allowed only direct communication between the forwarding MS and the MS.
· The forwarding MS updates the MS list using DM-List Update Request/Response (DM-LU-REQ/RSP). 
Figure 3 illustrates that a forwarding HR-MS updates the list of HR-MSs out of BS coverage when it detects some HR-MSs out of BS coverage are missed in the list of HR-MSs.
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Figure 3: A procedure to update the list of HR-MSs out of coverage for HR-MS forwarding functionality.

MAC management messages used for support of HR-MS forwarding functionality at infrastructure communication interface has FWD (forwarding) prefix in their names. The proposed MAC management procedures consist of the followings:

· Paging

· Link management with establishment and release procedures

· Flow management with addition, change, and deletion procedures of flow

Figure 4 illustrates procedures and MAC management messages for support of HR-MS forwarding functionality. A procedure and its MAC management messages are defined at both infrastructure communication and direct communication interfaces so that MAC management messages at infrastructure communication interface are related to ones at direct communication interface.
[image: image4.emf]Forwarding MS

BS

MS2

Infrastructure 

interface

Direct Communication

interface

Link Establishment DM-RNG-REQ/RSP

Flow Management DM-DSx-REQ/RSP/ACK

Link Release DM-DREG-REQ/RSP

1:1 Procedures

FWD-RNG-REQ/RSP

FWD-DSx-REQ/RSP/ACK

FWD-DREG-REQ/RSP

1:1 Procedures

DM-RNG-CMD

DM-DSx-CMD

DM-DREG-CMD

1:N Procedures

FWD-RNG-CMD

FWD-DSx-CMD

FWD-DREG-CMD

1:N Procedures

Link Establishment

Flow Management

Link Release

DM-PAG-ADV Paging FWD-PAG-ADV


Figure 4: Procedures and MAC management messages at infrastructure communication and direct communication interfaces.

Each control procedure consists of two types of control signal procedures: the one is for peer-to-peer transmission (unicast), and the other is for point-to-multipoint transmission (multicast). A MAC control procedure for peer-to-peer transmission is a two-way handshake with request and response MAC management messages generally. A MAC control procedure for point-to-multipoint transmission is a one-way transmission of command MAC management messages. For an example, two types of link establishment or dynamic service flow addition procedures are shown for peer-to-peer communication and point-to-multipoint communication in Figure 5, respectively.
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Figure 5: peer-to-peer procedures (left) and point-to-multipoint procedures (right) of link establishment or dynamic service flow addition procedures.
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 [Remedy1: Adapt the following change in Section 17.3.3 in the 802.16n AWD]
17.3.3 HR-MS Forwarding to network
[note: DC RG output provides text proposals for the following sections:
17.3.3.1 General description]

17.3.3.2 HR-MS discoveries

A forwarding HR-MS shall maintain a list of HR-MSs that are in communication range.

[note: How to get MS information on a direct communication link is in scope of direct communication]

An HR-BS shall maintain a list of HR-MSs that are collected from forwarding HR-MSs for HR-MS forwarding. An HR-BS broadcast the HR-MS list for HR-MS forwarding to forwarding HR-MSs. When new HR-MS is added or HR-MSs are deleted, the forwarding HR-MS shall update the HR-MS list by an exchange of MAC Management message with HR-BS.

17.3.3.3 Connection management
A forwarding unicast connection is a unicast connection between HR-BS and forwarding HR-MS to support HR-MS forwarding function.

A forwarding multicast connection is a multicast connection between HR-BS and forwarding HR-MS to support HR-MS forwarding function.

17.3.3.3.1 Control connection

All the MAC control messages to support HR-MS forwarding function are carried on control connections of infrastructure communication between HR-BS and forwarding HR-MS. The peer-to-peer MAC control messages are carried on a unicast control connection. The point-to-multipoint MAC control messages are carried on a multicast control connection.

17.3.3.3.2 Transport connections

A unicast transport connection between HR-BS and forwarding HR-MS is established to forward data traffic in one-way from HR-BS to forwarding HR-MS or vice versa.
A multicast transport connection between HR-BS and forwarding HR-MS is established to forward data traffic in one-way from HR-BS to forwarding HR-MSs.

Each unicast or multicast transport connection, which is established for supporting HR-MS forwarding, carries forwarding data packets. When HR-BS sends data packets on a transport connection, forwarding HR-MS discriminates the data packets with type of transport connection and its FID and forwards the data packets on a direct communication link. When a forwarding HR-MS receives data packets on a direct communication link, the forwarding HR-MS forwards the data packets on a transport connection toward HR-BS.

17.3.3.4 Forwarding Link management

A forwarding link is a mapping between two MAC peers of HR-BS and forwarding HR-BS. The forwarding links consists of several forwarding transport connections and a control connection.

17.3.3.4.1 Forwarding Link establishment

When a forwarding HR-MS are requested to establish a forwarding transport connection from HR-MSs out of BS’s coverage at first, the forwarding HR-BS establishes a forwarding link. The control connection is the existing control connection established for infrastructure communication and is not established during forwarding link establishment. During forwarding link establishment, a forwarding transport connection shall be established and multiple forwarding transport connections may be established.

An HR-BS and a forwarding HR-MS establish a unicast forwarding link with two-way handshake of FWD-RNG-REQ/RSP messages.

An HR-BS and forwarding MSs establish a multicast forwarding link with one-way FWD-RNG-CMD message.

17.3.3.4.2 Forwarding Link release

The forwarding link is terminated with forwarding link release. On forwarding link release, the context of forwarding link are removed at both HR-BS and forwarding HR-MSs. All the forwarding transport connections are terminated automatically, but the control connection is not terminated.

An HR-BS and a forwarding HR-MS release a unicast link with FWD-DREG-REQ/RSP messages.

An HR-BS and forwarding HR-MSs release a multicast link with FWD-DREG-CMD messages.
17.3.3.5 QoS management

QoS concept of HR-MS forwarding shall be the same as described as in section 16.2.12 with the exception of QoS described in this section.

17.3.3.5.1 Service Flow Management
Service flows may be created, changed, or deleted. This is accomplished through a series of MAC management messages referred to as FWD-DSA, FWD-DSC, and FWD-DSD. The FWD-DSA messages create a new service flow. The FWD-DSC messages change an existing service flow. The FWD-DSD messages delete an existing service flow.
17.3.3.6 Paging

An HR-BS pages an HR-MS out of BS’s coverage via forwarding HR-MSs.

The HR-BS selects a forwarding HR-MS that is in coverage of direct communication with a paged HR-MS and sends a forwarding paging message, FWD-PAG-ADV on unicast control channel. The forwarding HR-MS forwards this paging message on direct communication link. When the forwarding HR-MS receives a request of direct communication link establishment from the target HR-MS, the forwarding HR-MS acquires the paging success. This paging step on unicast control channel fails when the HR-BS does not receive an establishment request of direct communication link from the forwarding HR-MS within a timer expiration
After that, the HR-BS broadcasts a forwarding paging messages, FWD-PAG-ADV. All the forwarding HR-MSs receive this paging message and forward it on direct communication links.
17.3.3.7 Support for two hop communication

[note: text proposals for two hop communication will be after one hop operation is defined]

 [Remedy2: Adapt the following change in Section 16.2.3 in the 802.16n AWD]
16.2.3 MAC Control messages
Table 677 – MAC control messages

	No.
	Functional Areas
	Message names
	Message description
	Secuirty
	Connection

	…
	…
	…
	…
	…
	…

	n+1
	Forwarding Link Establishment
	FWD-RNG-REQ
	Ranging Request
	
	Unicast

	n+2
	Forwarding Link Establishment
	FWD-RNG-RSP
	Ranging Response
	
	Unicast

	n+3
	Forwarding Link Release
	FWD-DREG-REQ
	Deregistration Request
	
	Unicast

	n+4
	Forwarding Link Release
	FWD-DREG-RSP
	Deregistration Response
	
	Unicast

	n+5
	Forwarding Link Release
	FWD-DREG-ACK
	Deregistration Acknowledgement
	
	Unicast

	n+6
	Forwarding Flow Management
	FWD-DSA-REQ
	Dynamic Service Addition Request
	
	Unicast

	n+7
	Forwarding Flow Management
	FWD-DSA-RSP
	Dynamic Service Addition Response
	
	Unicast

	n+8
	Forwarding Flow Management
	FWD-DSA-ACK
	Dynamic Service Addition Acknowledgement
	
	Unicast

	n+9
	Forwarding Flow Management
	FWD-DSC-REQ
	Dynamic Service Change Request
	
	Unicast

	n+10
	Forwarding Flow Management
	FWD-DSC-RSP
	Dynamic Service Change Response
	
	Unicast

	n+11
	Forwarding Flow Management
	FWD-DSC-ACK
	Dynamic Service Change Acknowledgement
	
	Unicast

	n+12
	Forwarding Flow Management
	FWD-DSD-REQ
	Dynamic Service Deletion Request
	
	Unicast

	n+13
	Forwarding Flow Management
	FWD-DSD-RSP
	Dynamic Service Deletion Response
	
	Unicast

	n+14
	Forwarding Flow Management
	FWD-DSD-ACK
	Dynamic Service Deletion Acknowledgement
	
	Unicast

	n+15
	Forwarding Paging
	FWD-PAG-ADV
	Paging
	
	Broadcast

	n+16
	Forwarding MS List
	FWD-MS-ADV
	MS list Advertisement
	
	Broadcast or multicast or unicast

	n+17
	Forwarding MS list Update
	FWD-LU-REQ
	MS List Update Request
	
	Unicast

	n+18
	Forwarding MS list Update
	FWD-LU-RSP
	MS List Update Response
	
	Unicast

	n+19
	Forwarding Link Establishment
	FWD-RNG-CMD
	Ranging Command
	
	Multicast

	n+20
	Forwarding Link Release
	FWD-DREG-CMD
	Deregistration Command
	
	Multicast

	n+21
	Forwarding Flow Management
	FWD-DSA-CMD
	Dynamic Service Addition Command
	
	Multicast

	n+22
	Forwarding Flow Management
	FWD-DSC-CMD
	Dynamic Service Addition Command
	
	Multicast

	n+23
	Forwarding Flow Management
	FWD-DSD-CMD
	Dynamic Service Addition Command
	
	Multicast


6.2.3.64 FWD-RNG-REQ
A forwarding HR-MS transmits a FWD-RNG-REQ message to trigger establishing a peer-to-peer link of direct communication.

6.2.3.65 FWD-RNG-RSP
An HR-BS transmits a FWD-RNG-RSP message in response to a received FWD-RNG-REQ.

6.2.3.66 FWD-DREG-REQ

A forwarding HR-MS transmits a FWD-DREG-REQ message to trigger releasing either a peer-to-peer link or a point-to-multipoint link of direct communication.

6.2.3.67 FWD-DREG-RSP
An HR-BS transmits a FWD-DREG-RSP message in response to a received FWD-DREG-REQ.

6.2.3.69 FWD-DREG-ACK

A forwarding HR-MS transmits a FWD-DREG-ACK message in response to a received FWD-DREG-RSP.

6.2.3.70 FWD-DSA-REQ

A forwarding HR-MS or HR-BS transmits a FWD-DSA-REQ message to trigger creating a new service flow at a direct communication link.

6.2.3.71 FWD-DSA-RSP

A corresponding HR-BS or forwarding HR-MS transmits a FWD-DSA-RSP message in response to a received FWD-DSA-REQ.

6.2.3.72 FWD-DSA-ACK

A corresponding forwarding HR-MS or HR-BS transmits a FWD-DSA-ACK message in response to a received FWD-DSA-RSP.

6.2.3.73 FWD-DSC-REQ

A forwarding HR-MS or HR-BS transmits a FWD-DSC-REQ message to trigger changing the parameters of an existing service flow at a direct communication link

6.2.3.74 FWD-DSC-RSP

A corresponding HR-BS or forwarding HR-MS transmits a FWD-DSC-RSP message in response to a received FWD-DSC-REQ.

6.2.3.75 FWD-DSC-ACK

A corresponding forwarding HR-MS or HR-BS transmits a FWD-DSC-ACK message in response to a received FWD-DSC-RSP.

6.2.3.76 FWD-DSD-REQ

A forwarding HR-MS transmits a FWD-DSD-REQ message to trigger deleting an existing service flow at a direct communication link.

6.2.3.77 FWD-DSD-RSP

An HR-BS transmits a FWD-DSD-RSP message in response to a received FWD-DSD-REQ.

6.2.3.78 FWD-DSD-ACK

A forwarding HR-MS transmits a FWD-DSD-ACK message in response to a received FWD-DSD-RSP.

6.2.3.79 FWD-PAG-ADV

An HR-BS transmits a FWD-PAG-ADV message to trigger paging an HR-MS via a forwarding HR-MS.

6.2.3.80 FWD-MS-ADV

An HR-BS transmits a FWD-MS-ADV message to advertise an MS list for HR-MS forwarding.

6.2.3.81 FWD-LU-REQ

A forwarding HR-MS trantsmit a FWD-LU-REQ message to update a MS list for HR-MS forwarding.

6.2.3.82 FWD-LU-RSP

An HR-BS transmits a FWD-LU-RSP message in response to a received FWD-LU-RSP.

6.2.3.83 FWD-RNG-CMD
An HR-BS transmits a FWD-RNG-CMD message to trigger establishing a point-to-multipoint link of direct communication.

6.2.3.84 FWD-DREG-CMD

An HR-BS transmits a FWD-DREG-CMD message to trigger releasing a point-to-multipoint link of direct communication.

6.2.3.85 FWD-DSA-CMD

An HR-BS transmits a FWD-DSA-CMD message to trigger creating a new service flow on a point-to-multipoint link of direct communication.

6.2.3.86 FWD-DSC-CMD

An HR-BS transmits a FWD-DSC-CMD message to trigger changing the parameters of an existing service flow on a point-to-multipoint link of direct communication

6.2.3.87 FWD-DSD-CMD

An HR-BS transmits a FWD-DSD-CMD message to trigger deleting an existing service flow on a point-to-multipoint link of direct communication.

[-------------------------------------------------Begin of Text Proposal----------------------------------------------------]
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