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Minimum change to apply ARQ operation in relay link
Youngbin Chang, HyunJeong Kang, Jung Je Son, Rakesh Taori
1. Introduction
This contribution is to provide ARQ operation in Relay link in P802.16j/D3 draft.

1. Differentiate ARQ procedure in relay link and access link

Current 16j/D3, ARQ is defined end-to-end, in this case, ARQ performance is dependant on access link not relay link. Then, it may have a better ARQ performance to distinguish relay link and access link.
2. Introduce R-ACK message
MR-BS can schedule retransmission data to define R-ACK message when ARQ block is corrupted in relay link.
2. Proposed Text Changes
[Modify the text in 6.3.4.6.4 as following]

In MR systems, ARQ operation is only performed between an MR-BS and an MS. there are three ARQ modes. The first mode is a end-to-end ARQ mode, which is performed between an MR-BS and an MS, the second mode is an two-link ARQ mode, which performed both between a MR-BS and an access RS and between access RS and MS, and the third mode is hop-by-hop ARQ, which is performed between each adjacent station. Two adjacent stations could be MR-BS, RS or MS.The support of ARQ mode is performed during the RS network entry.

In the end-to-end ARQ mode, the ARQ operation is same as 6.3.4.RS don’t have an additional ARQ functionality.
In other ARQ modes, ARQ operation between access RS and MS is same as 6.3.4. In two-link ARQ mode, the ARQ operation is divided into two links which are relay link between MR-BS and access RS and access link between access RS and MS. In hop-by-hop ARQ mode, the ARQ operation is divided over the each link and between access RS and MS. Two-link ARQ is applicable in both tunnel and non-tunnel based forwarding while hop-by-hop ARQ is applicable in only tunnel-based forwarding mode.These mode is supported when RS is enabling on distributed scheduling mode with distributed security. The detail procedure for two-link ARQ mode is described in the 6.3.4.6.4.1 and for hop-by-hop ARQ mode is described in 6.3.4.6.4.2.

[Insert the section 6.3.4.6.4.1 as following]

6.3.4.,6.4.1. Two-link ARQ mode

For access link, the ARQ state machine runs between the access RS and the MS. For relay link the ARQ state machine runs between the MR-BS and the access RS. 
The MR-BS schedules retransmission to access relay station when ARQ block or TDU is corrupted in the relay link. The RS schedule retransmission to MS when ARQ block is corrupted in the access link. When the intermediate RS exist between MR-BS and access RS, it just forwards the ARQ block and ARQ feedback information between MR-BS and access RS. In non-tunnel case, the ARQ feedback IE described in the 6.3.4.2.1 is used by MR-BS and access RS to ACK/NAK to corresponding data transmitted between MR-BS and access RS. In tunnel packet mode, ARQ feedback IE for tunnel packet described in 6.3.4.2.4 is used. Both ARQ feedback IEs are transported either as a packed payload (“piggybacked”) within a packed MAC PDU or as a payload of a standalone MAC PDU defined in 6.3.4.2. 
In downlink ARQ operation, when MR-BS sends ARQ block or TDU to access RS, it waits ARQ feedback IE from access RS. When ARQ block or TDU is corrupted in the relay link, access RS sends NAK to MR-BS, and MR-BS schedule the retransmission of corresponding ARQ block or TDU to access RS. When MR-BS receives R-ACK from access RS, it waits ACK from MS relayed by access RS. Access RS may modify the ARQ feedback IE received from MS to inform only ACK to MR-BS. When MR-BS receives ACK from MS, it clears the buffer corresponding to ARQ block or TDU. When ARQ block is corrupted in the access link, access RS shall not send NAK to MR-BS and shall schedule the retransmission of ARQ blocks to MS. Access RS shall discard the ARQ block when it failed ARQ block transmission in the access link after a timeout of the ARQ_BLOCK_LIFETIME..MR-BS or Access RS discards the corresponding ARQ block or TDU after the timeout of its ARQ_BLOCK_LIFETIME. MR-BS and RS ARQ_BLOCK_LIFETIME are independently operated in MR-BS and RS respectively.
In uplink ARQ operation, when access RS receives ARQ block correctly from MS, RS sends ARQ block or TDU to MR-BS. When MR-BS receives ARQ block or TDU correctly, MR-BS sends R-ACK to access RS and the access RS sends ACK to MS. When ARQ block or TDU is corrupted in the relay link, the retransmission shall be scheduled from access RS to MR-BS. Access RS discard the corresponding ARQ block after a timeout of ARQ_BLOCK_LIFETIME in access RS.

[Insert the section 6.3.4.6.4.2 as following]

6.3.4.6.4.2 hop-by-hop ARQ mode

In this mode, the intermediate RSs are involved in the ARQ operation and ARQ state machine runs between adjacent stations.The ARQ state machine between adjacent station is same as defined in section 6.3.4.4.1. 
In downlink ARQ operation, when MR-BS/super-ordinate RS sends TDU to the subordinate RS, it waits for ARQ feedback IE for tunnel packets. When TDU is corrupted in the relay link, the subordinate RS sends back R-NAK, and the MR-BS/super-ordinate RS schedules the retransmission of TDU to the subordinate RS. When the MR-BS receives R-ACK from the subordinate RS, it waits for an ACK from the MS relayed by the intermediate RSs. Access RS may modify the ARQ feedback IE received from MS to inform only ACK to MR-BS. When MR-BS receives ACK from MS, it clears the buffer corresponding to ARQ blocks. When superordinate RS receives R-ACK from the sub-ordinate RS, it clears the buffer corresponding to TDU.

When ARQ block is corrupted between the MR-BS/superordinate RS and sub-ordinate RS, the super-ordinate RS, after receiving R-NAK, shall not relay R- NAK to super-ordinate station. Instead MR-BS/super-ordinate RS shall schedule the retransmission of TDU to sub-ordinate RS. The MR-BS/RS shall discard the TDU when it failed TDU retransmission on a link after the timeout of its ARQ_BLOCK_LIFETIME. MR-BS and RS ARQ_BLOCK_LIFETIME is independently operated in MR-BS and RS respectively.
In uplink ARQ operation, when an access RS receives ARQ block correctly from MS, the RS sends TDU to the superordinate station. When MR-BS/RS receives TDU correctly, MR-BS/RS sends R-ACK to the subordinate RS. When TDU is corrupted in the relay link, the retransmission shall be scheduled from the sub-ordinate RS to its superordinate RS/MR-BS. The MR-BS/RS discard the corresponding TDU after a timeout of its ARQ_BLOCK_LIFETIME.
ARQ feedback IE for tunnel packet described in 6.3.4.2.4 is used on the relay link. ARQ feedback IE for tunnel packets are transported either as a packed payload (“piggybacked”) within a packed Relay MAC PDU or as a payload of a standalone Relay MAC PDU. 


6.3.4.6.4.3 ARQ State machine
The ARQ state machine operation in access RSand receiver in MR-BS is the same as described in 6.3.4.6.2 and 6.3.4.6.3. 
In case of transmitter state machine in MR-BS, an ARQ block or TDU may be in one of the following five states – not sent, outstanding for R-ACK, outstanding for MS-ACK, waiting for retransmission, and data discard. Outstanding for R-ACK is the state waiting for receiving acknowledged from access RS. When R-ACK received, the state transits outstanding for MS-ACK. In this state, MR-BS receives MS-NACK or after ARQ_BLOCK LIFE_TIME, the state transits to discard. Other state transition description is same as transmitter state machine defined in 6.4.4.6.2.

The ARQ Tx block state sequence in MR-BS is shown in Figure xxx.
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Figure xxx. 51—ARQ Tx block states in MR-BS
[Modify the table in the 11.7.8.1:]


	Type
	Length
	Value
	Scope

	TBD

	1
	

bit 1: End-to-end ARQ support

bit 2: Two-link ARQ support
bit 3: hop-by-hop ARQ support
bits 4–7: Reserved
	REG-REQ, REG-RSP




[insert the following at line 38 page 264 in the 11.25.1:]

	ARQ mode 

	8
	1
	0: No ARQ support capability
1: ARQ supported

2: End-to-end ARQ support

3: Two-link ARQ support
4: hop-by-hop ARQ support
2–255: Reserved
	RS_Config-CMD




	
	
	
	

	
	
	
	



	
	
	
	

	
	
	
	


[Insert this text between section 6.3.4.2.1 and 6.3.4.3 as follows:]

6.3.4.2.4. ARQ Feedback IE for Tunnel packet

Table xxx defines the ARQ Feedback IE for tunnel packet used between MR-BS and RS by the receiver to signal positive or negative acknowledgments. A set of IEs of this format may be transported either as a packed payload (“piggybacked”) within a packed MAC PDU or as a payload of a standalone MAC PDU.
Table xxx – ARQ Feedback IE format for Tunnel packet

	Syntax
	Size

(bits)
	Notes

	ARQ_feedback_IE(LAST) {
	variable
	—

	T-CID
	16
	The ID of the tunnel connection

	LAST
	1
	0 = More ARQ feedback IEs in the list
1= Last ARQ feedback IE in the list

	ACK Type
	1
	0x0 = Cumulative ACK entry

0x1 = reserved

	TSN
	7
	TDU sequence number

	FO
	12
	Fragment offset

	Reseved
	3
	—


TSN
TSN value indicates that its corresponding TDU and all TDUs with lesser (see 6.3.4.6.1) values within the transmission window have been successfully received. 
FO

FO value indicates that the fragment of the TDU corresponding to the TSN. and TSN and FO represents the point of TDU flow  upto where the data have been successfully received. All TDUs with lesser value of TSN within the transmission window have been successfully received.
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