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Proposed Text Related to Relay MAC PDU 
for the IEEE 802.16m Amendment (Relay)
Eunjong Lee, Kiseon Ryu, Youngsoo Yuk and Yongho Kim
LG Electronics

1. Introduction
This contribution proposes the text for Relay MAC PDU of the 802.16m DRAFT amendment. 
· Addressing for the relay link
· Relay MAC PDU construction
· ARQ procedure for Relay MAC PDU
2. Addressing in relay system
In this section, we discuss the STID and FID issues for the relay link. 
According to the 14.4.2 Addressing section in the SDD [2], each ARS is uniquely identified by a STID and each connection over the relay link is uniquely identified by the combination of ARS STID and the associated FID. When tunnel mode is used, each tunnel established between an ABS and an ARS is assigned with a unique FID (i.e., tunnel identifier, TID).
In general, MAC PDUs can be transmitted with management connections or transport connections. However, in the relay link, all of the MAC PDUs from/to AMS would be transmitted in tunnel mode because the STIDs information for each MAC PDU needs to be transmitted in relay MAC PDU. Therefore, the ARS has to distinguish between the relay MAC PDU encapsulating MAC PDUs from/to AMS and management/transport MAC PDUs for itself. 
So, we propose that FIDs for the relay link is used to identify management and transport connections, as well as tunnel connections. 

3. MAC PDU construction for the Relay link
Over the relay link, the mode for constructing and forwarding MPDUs through a tunnel is called tunnel mode. In tunnel mode, MAC PDUs that traverse a tunnel shall be encapsulated in a relay MAC PDU with the relay MAC header carrying a tunnel identifier (TID). One or more tunnels may be established between the ABS and the access ARS after the network entry is performed. Each tunnel between an ARS and an ABS is identified by a unique TID. However, the detailed formats or fields for the relay MAC PDU have not yet been defined in 16m. Therefore, we propose to newly define the following headers for the relay link.
· Relay generic MAC header (GMH)
This shall be 2 bytes length. The relay GMH is identified by 4 bits TID. Since the relay MAC PDU may have a payload of longer size than 2047 bytes, we propose that the relay generic MAC header basically consists of 4 bits FID and 12 bits Length field. 
· Relay STID extended header (STID EH) 

In tunnel mode, the relay MAC PDU shall always contain STIDs for MAC PDUs packed in a payload. Therefore, we propose to transmit a relay STID EH right after the relay GMH (i.e., always as the first EH), containing the list of STIDs and the ‘EH’ field. The ‘EH’ field indicates the presence of another EH following this EH.
· Relay Fragmentation and Packing extended header (FPEH) 

If the ARQ is enabled for a tunnel connection, the relay MAC PDU shall contain the FPEH. This consists of sequence number (SN), ARQ feedback IE indication (AFI), ARQ feedback poll request (APR). The SN indicates the first sequence number of MPDUs packed in payloads and the AFI indicates whether the relay ARQ feedback IE is present in this relay MAC PDU or not. The APR is set to request the relay ARQ feedback to update the reception status of the transmitted relay ARQ blocks. If additional EHs are defined for relay MAC PDU, the ‘End’ and ‘Type’ field will be required.
The Relay FPEH does not need to contain the ‘Length’ field for each MAC PDU, because each MAC PDU already contains ‘Length’ field in its GMH. Also, the relay FPEH can omit the ‘FC’ field since the relay MAC PDU can be fragmented on the ARQ block basis and each ARQ block is independently managed by the receiver. 
4. ARQ procedure for Relay MAC PDU
The ARS may perform ARQ operation with adjacent stations (superordination and subordinate station), as described in 14.4.5 ARQ mechanism of SDD [2]. 
In this case, ARQ for a relay MAC PDU would be enabled on a per-tunnel connection basis. In current AWD [6], if the MAC PDU payload contains traffic from a single connection, PDU payload itself shall be a single ARQ block and the ARQ blocks of a connection are sequentially numbered. However, this numbering method may be inefficient to the relay MAC PDU based on a tunnel connection. 
The relay MAC PDU may contain one or more MAC PDUs from/to multiple AMSs. And, each MAC PDU which successfully arrives at the access ARS can be directly forwarded to an AMS or an ABS, irrespective of the order of the relay ARQ blocks. However, if a relay MAC PDU itself is a single relay ARQ block, the forwarding for each MAC PDU is delayed until successfully receiving all MAC PDUs belonging to an initial transmission of a relay MAC PDU. This may lead to unnecessary latency for the end-to-end data transmission between an AMS and an ABS. Moreover, if the relay MPDU is retransmitted with rearrangement and fragmentation occurs within a packed MPDU, this leads to header overheads because it requires containing the additional information for the fragmentation, such as the Length, FC or STID.
Therefore, we propose that a relay ARQ block is generated from each MAC PDU encapsulated in a relay MAC PDU and the fragmentation occurs only on ARQ block boundaries. This helps to reduce not only the header overheads, but also the latency for end-to-end data transmission.
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6. Text proposal for the 802.16m DRAFT amendment
-----------------------------------------------------------Start of the Text---------------------------------------------------------
[Create the text as follows]

15.2.x.x multi-hop relay
15.2.x.x.1 Addressing
The ARS has a global address and logical addresses that identify the ARS and connections.

15.2.x.x.1.2 Logical Identifiers

15.2.x.x.1.2.2 Flow Identifier (FID)

Each ARS connection is assigned a 4bits long FID that uniquely identifies the connection over the relay link. FIDs identify management connections, transport connections and tunnel connections. If tunnel mode is used, each tunnel established between an ABS and an ARS is assigned with a unique FID for tunnel connections (TID).
15.2.x.x.2 Relay MAC PDU formats
Relay MAC PDUs shall be of the form illustrated in Figure xxx. Each relay PDU shall begin with a relay MAC header of 2 bytes length. The header may be followed one or more extended headers. The relay MAC PDU may also contain payload.
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Figure xxx—Relay MAC PDU formats
15.2.x.x.2.1 Relay Generic MAC header (GMH)

The relay GMH format is defined in Table xxx and its fields are defined in Table xxx. The relay GMH is identified by a Tunnel ID. If the Flow ID is for other connections except tunnel connections, the GMH shall follow the format illustrated in 15.2.2.1.1 Generic MAC header.
Table xxx—Relay GMH Format

	Syntax
	Size (bit)
	Notes

	Relay Generic MAC Header(){
	
	

	FID
	4
	Tunnel Identifier 

	Length
	12
	Length of the relay MAC PDU

	}
	
	


Table 8 – Relay GMH fields

	Names
	Size (bit)
	Description

	FID
	4
	Shall be a Tunnel Identifier 

This shall be a unique FID for a tunnel connection established between an ABS and an ARS.

	Length
	12
	Length of the relay MAC PDU


15.2.x.x.2.2 Relay Extended header formats (EH)

15.2.x.x.2.2.1 Relay STIDs Extended header (STID EH)

The STID EH shall be used when relay MAC PDU contains payload from a tunnel connection. The STID EH always exists right after relay GMH identified by a Tunnel ID. The STID EH format is defined in Table xxx and its fields are defined in Table xxx.
Table xxx—Relay STID EH Format

	Syntax
	Size (bit)
	Notes

	Relay STID EH(){
	
	

	EH
	1
	Extended Header indicator 

	Num of STIDs
	TBD
	The number of MAC PDUs packed in payloads

	For (i=0; i<=Num of STIDs; i++){
	
	

	  STID
	TBD
	STID for each MAC PDU packed in payloads

	}
	
	

	}
	
	


Table 8 – Relay STID EH fields
	Names
	Size (bit)
	Description

	EH
	1
	Extended Header indicator

1 = Another extended header follows STID EH
0 = Another extended header does not STID EH

	Number of STIDs
	TBD
	This indicates the number of MAC PDUs packed in payloads.

	List of STIDs
	TBD
	STIDs for each MAC PDUs packed in payloads are sequentially listed.


15.2.x.x.2.2.2 Relay Fragmentation and Packing Extended header (FPEH)

The relay FPEH shall be used when relay MAC PDU contains payload for ARQ-enabled tunnel connection.
Table xxx— Relay FPEH format

	Syntax
	Size (bit)
	Notes

	Relay FPEH(){
	
	

	[END]
	[1]
	[Last EH indicator]

	[Type]
	[3]
	[The number of MAC PDUs packed in payloads]

	SN
	10
	Sequence Number for relay ARQ block

	AFI
	1
	Relay ARQ Feedback IE indicator

	APR
	1
	Relay ARQ feedback poll indicator

	}
	
	


Table xxx— Relay FPEH fields

	Names
	Size (bit)
	Description

	[END]
	[1]
	[Last EH indicator

0 = Another extended header follows relay FPEH
1 = another extended header does not relay FPEH]

	[Type]
	[3]
	[Relay FPEH type]

	SN
	10
	The first sequence number of relay ARQ blocks packed in payloads

	AFI
	1
	Relay ARQ Feedback IE indicator

0 = Relay ARQ feedback IE is not present in the relay MAC PDU
1 = Relay ARQ feedback IE presents in the relay MAC PDU

	APR
	1
	Relay ARQ feedback poll indicator
0 = No relay ARQ feedback poll

1 = Relay ARQ feedback poll for the tunnel connection indicated in relay GMH


15.2.x.x.3 ARQ mechanism over relay link
The ARS may perform ARQ operation for the relay MAC PDU over relay link. The ARQ shall be enabled on a per-tunnel connection basis. 
15.2.x.x.3.1 Relay ARQ block usage

15.2.x.x.3.1.1 Initial transmission
A relay ARQ block is generated from each MPDU of the same tunnel connection. A relay ARQ block can be variable in size.
When transmitter generates a relay MPDU for transmission, relay MPDU payload may contain one or more relay ARQ blocks. The number of ARQ blocks in a relay MPDU payload shall be equal to the number of STIDs listed in the STID EH. All the blocks in that relay MPDU shall have contiguous block numbers and the SN of the first ARQ block is included in the relay MPDU using a relay FPEH. The fragmentation for the relay MPDU occurs only on ARQ block boundaries.
15.2.x.x.3.1.2 Retransmission
When a relay MPDU fails in the initial transmission, a retransmission is scheduled with or without re-arrangement.
In case of retransmission without rearrangement, the retransmitted relay MAC PDU shall contain the same relay ARQ blocks and corresponding relay FPEH, which was used in the initial transmission.
In case of retransmission with rearrangement, the relay MAC PDU shall be fragmented on the basis of the ARQ block boundaries.

Figure xxx illustrates the relay ARQ block in initial transmission and retransmission; two options for retransmission are presented - with and without rearrangements of the failed relay ARQ blocks.
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Figure xxx—Relay ARQ block initial transmission and retransmission with and without rearrange​ment
-----------------------------------------------------------End of the Text---------------------------------------------------------[image: image3.png]
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