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Proposed Text Related to HARQ Section for the IEEE 802.16m Amendment
Doo-hyun Sung, Kiseon Ryu, Ronny Yongho Kim and Jin Sam Kwak
LG Electronics
1. Introduction
This contribution includes the proposed text for HARQ protocol in the IEEE 802.16m Amendment. The technical text and ToC are inherited from the 802.16m SRD [1], and the IEEE 802.16m SDD [2] and the IEEE P802.16 Rev2/D7 [3]. Moreover, this contribution follows the tentative outline and style guide in the IEEE 802.16m Amendment [4]. In this contribution, amendment text including several illustrations is proposed for the section in which 16m members have enough consensus.
2. Modifications from the SDD texts
The text proposed in this contribution is based on subclauses 10.2 in the IEEE 802.16m SDD [2]. The modifications to the SDD text are summarized below:
· DL & UL HARQ sections consist of 3 parts; general procedure, procedure for persistent allocation and procedure for group allocation
· Compared to subclause 10.2 of the IEEE 802.16m SDD [2], the descriptions of procedures are elaborated.
· Detailed values of parameters are added; DL/UL HARQ ACK/NACK delay (Figure 1), number of HARQ channels (Figure 2)
· DL maximum retransmission delay and maximum number of retransmissions except for UL persistent allocation are left as TBD.
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Figure 1. UL ACK/NACK delay for DL HARQ transmissions


[image: image2.emf]D1

0

D2

1

D3

2

D4

3

D5

4

D6

5

U1U2D1

6

D2

7

D3

0

D4

1

D5

2

D6

3

U1U2D1

4

D2

5

D3D4D5D6U1U2

HARQ 

CH.

Propagation delay + Data processing interval = 2 subframes

1) ACK/NACK delay

2) Prop. delay 

+ proc. interval

3)


Figure 2. Number of HARQ channels for DL/UL ratio 6:2

· For UL persistent allocation, the maximum number of retransmissions needs to be restricted due to the HARQ channel collision, if persistent allocation interval is multiple of the frame duration, e.g. 20ms interval. (Figure 3)
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Figure 3. Collision between retransmission & initial transmission in persistent allocation
· Retransmissions of DL/UL persistent allocation are controlled by A-MAP [TBD].
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4. Text proposal for the IEEE 802.16m amendment

----------------------------------------------------- Start of the text ----------------------------------------------------------
15. Advanced Air Interface
15.2. Medium Access Control

15.2.1. Data/Control Plane

15.2.1.x. HARQ
HARQ is applied to all DL/UL data burst transmissions. The HARQ is based on a stop-and-wait protocol and multiple HARQ channels are allocated for the parallel operation in both downlink and uplink.
15.2.1.x.1. Downlink HARQ

15.2.1.x.1.1. General Downlink Procedure

Downlink HARQ operation is performed based on an asynchronous manner. The process of retransmissions is always controlled by ABS using the ACID (ARQ Channel ID) and AI_SN fields in the DL Basic Assignment A-MAP. When the AI_SN field for the ACID remains same between two HARQ bursts allocation, it indicates retransmission. Through DL Basic Assignment A-MAP for retransmission, ABS may allocate different resource allocation and transmission format. When AI_SN field for the ACID is toggled, i.e. from 0 to 1 or vice versa, it indicates the transmission of a new HARQ burst. In this case, the data stored in the transmitter and receiver for this ACID and the previously used AI_SN may be discarded.

After receiving a DL HARQ burst, AMS transmits the corresponding HARQ feedback, i.e. ACK or NACK, to ABS via UL HARQ feedback channel in the UL subframe after UL ACK/NACK delay as shown in Table 15.2.1.x.1.1-1.
	System
Configuration
	UL MUXing
	Frame Configuration
	DL/UL Ratio
	Subframe Index

	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7

	16m only
	N.A
	DDDDDDUU
	6:2
	6
	5
	5
	4
	3
	9
	
	

	16m only
	N.A
	DDDDDUUU
	5:3
	5
	4
	4
	3
	3
	
	
	

	16m only
	N.A
	DDDDUUUU
	4:4
	4
	4
	4
	4
	
	
	
	

	16m only
	N.A
	DDDUUUUU
	3:5
	3
	3
	3
	
	
	
	
	

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:2:1
	
	
	
	4
	3
	
	
	

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:1:2
	
	
	
	3
	3
	
	
	

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:1:2
	
	
	4
	3
	3
	
	
	

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:2:1
	
	
	5
	4
	3
	
	
	

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:2:2
	
	
	4
	4
	
	
	
	

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:3:1
	
	
	5
	4
	
	
	
	

	16e/m co-ex
	FDM
	DDDDDUUU
	2:3:3:3
	
	
	3
	3
	3
	
	
	

	16e/m co-ex
	FDM
	DDDDDUUU
	3:2:3:3
	
	
	
	3
	3
	
	
	

	16e/m co-ex
	FDM
	DDDDUUUU
	2:2:4:4
	
	
	3
	3
	
	
	
	

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	† Unit: subframe

†† D U: 16m, D U: 16e

††† Propagation delay + Data processing interval = 2 subframes


Table 15.2.1.x.1.1-1 UL ACK/NACK delay for DL HARQ transmission

A failed DL HARQ burst, i.e. a negatively acknowledged (NACKed) HARQ burst, is retransmitted within a maximum retransmission delay [TBD] bound. For AMS, the number of retransmission increases by one if AMS has not detected any retransmission from ABS until the maximum retransmission delay lapses. A DL HARQ burst is discarded if the maximum retransmission number [TBD] is reached.
15.2.1.x.1.2. Procedure for DL Persistent Allocation

With DL persistent allocation, HARQ retransmissions are done in a non-persistent and asynchronous manner. When HARQ retransmission is indicated through A-MAP [TBD], AMS performs DL HARQ retransmission according to resource allocation and transmission format in the A-MAP [TBD].
15.2.1.x.1.3. Procedure for DL Group Allocation
With DL group allocation, HARQ retransmission can be done in two ways, i.e. individually or as a group. 
When allocated individually, HARQ retransmissions are done in an asynchronous manner. After decoding DL Basic Assignment A-MAP, AMS performs DL HARQ retransmission according to resource allocation and transmission format in the DL Basic Assignment A-MAP. 
On the other hand, when allocated as a group, HARQ retransmissions are done in a synchronous manner; i.e. HARQ retransmission is done in nth DL subframe from the DL subframe where previous (re)transmission was performed, wherein the value of ‘n’ is the number of DL HARQ channels as shown in Table 15.2.1.x.1.3-1. After decoding DL Group Resource Assignment A-MAP, corresponding grouped AMSs perform DL HARQ retransmission according to resource allocation and transmission format in the DL Group Resource Assignment A-MAP.
	System
Configuration
	UL MUXing
	Frame Configuration
	DL/UL Ratio
	The number of 
DL HARQ Channels

	
	
	
	
	

	16m only
	N.A
	DDDDDDUU
	6:2
	8

	16m only
	N.A
	DDDDDUUU
	5:3
	5

	16m only
	N.A
	DDDDUUUU
	4:4
	4

	16m only
	N.A
	DDDUUUUU
	3:5
	3

	…
	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:2:1
	2

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:1:2
	2

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:1:2
	3

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:2:1
	3

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:2:2
	2

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:3:1
	2

	16e/m co-ex
	FDM
	DDDDDUUU
	2:3:3:3
	3

	16e/m co-ex
	FDM
	DDDDDUUU
	3:2:3:3
	2

	16e/m co-ex
	FDM
	DDDDUUUU
	2:2:4:4
	2

	…
	…
	…
	…
	…

	† Unit: subframe

†† D U: 16m, D U: 16e

††† Propagation delay + Data processing interval = 2 subframes


Table 15.2.1.x.1.3-1 The number of DL HARQ channels
15.2.1.x.2. Uplink HARQ

15.2.1.x.2.1. General Uplink Procedure

UL HARQ operation is performed based on a synchronous manner, i.e. HARQ retransmission is done in nth UL subframe from the UL subframe where previous (re)transmission was performed, wherein the value of ‘n’ is the maximum number of HARQ channels as shown in Table 15.2.1.x.2.1-1.
	System
Configuration
	UL MUXing
	Frame Configuration
	DL/UL Ratio
	The number of 
UL HARQ Channels

	
	
	
	
	

	16m only
	N.A
	DDDDDDUU
	6:2
	2

	16m only
	N.A
	DDDDDUUU
	5:3
	3

	16m only
	N.A
	DDDDUUUU
	4:4
	4

	16m only
	N.A
	DDDUUUUU
	3:5
	5

	…
	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:2:1
	1

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:1:2
	2

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:1:2
	2

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:2:1
	1

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:2:2
	2

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:3:1
	1

	16e/m co-ex
	FDM
	DDDDDUUU
	2:3:3:3
	3

	16e/m co-ex
	FDM
	DDDDDUUU
	3:2:3:3
	4

	16e/m co-ex
	FDM
	DDDDUUUU
	2:2:4:4
	5

	…
	…
	…
	…
	…

	† Unit: subframe

†† D U: 16m, D U: 16e

††† Propagation delay + Data processing interval = 2 subframes


Table 15.2.1.x.2.1-1 The number of UL HARQ channels
After transmitting a UL HARQ burst, AMS receives the corresponding HARQ feedback, i.e. ACK or NACK, from ABS via DL HARQ feedback channel [details TBD] in the DL subframe after the DL ACK/NACK delay as shown in Table 15.2.1.x.2.1-2.
	System
Configuration
	UL MUXing
	Frame Configuration
	DL/UL Ratio
	Subframe Index

	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7

	16m only
	N.A
	DDDDDDUU
	6:2
	
	
	
	
	
	
	3
	3

	16m only
	N.A
	DDDDDUUU
	5:3
	
	
	
	
	
	3
	3
	3

	16m only
	N.A
	DDDDUUUU
	4:4
	
	
	
	
	4
	4
	4
	4

	16m only
	N.A
	DDDUUUUU
	3:5
	
	
	
	5
	4
	4
	3
	3

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:2:1
	
	
	
	
	
	
	
	4

	16e/m co-ex
	TDM
	DDDDDUUU
	3:2:1:2
	
	
	
	
	
	
	5
	5

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:1:2
	
	
	
	
	
	
	4
	4

	16e/m co-ex
	TDM
	DDDDDUUU
	2:3:2:1
	
	
	
	
	
	
	
	3

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:2:2
	
	
	
	
	
	
	4
	4

	16e/m co-ex
	TDM
	DDDDUUUU
	2:2:3:1
	
	
	
	
	
	
	
	3 

	16e/m co-ex
	FDM
	DDDDDUUU
	2:3:3:3
	
	
	
	
	
	5
	5
	5

	16e/m co-ex
	FDM
	DDDDDUUU
	3:2:3:3
	
	
	
	
	
	6
	5
	5

	16e/m co-ex
	FDM
	DDDDUUUU
	2:2:4:4
	
	
	
	
	6
	5
	5
	4

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	† Unit: subframe

†† D U: 16m, D U: 16e

††† Propagation delay + Data processing interval = 2 subframes


Table 15.2.1.x.2.1-2 DL ACK/NACK delay for UL HARQ transmission
When AMS detects NACK only from ABS, then AMS trigger a non-adaptive retransmission. The detailed rule of the non-adaptive retransmission is described in [HARQ PHY section]. ABS may trigger an adaptive retransmission by transmitting an additional UL Basic Assignment A-MAP. If AMS receives UL Basic Assignment A-MAP along with NACK from ABS and the A-MAP indicates a retransmission, e.g. AI_SN is not toggled, AMS triggers a retransmission in accordance with the UL Basic Assignment A-MAP. 
When DL HARQ feedback is not aligned with UL Basic Assignment A-MAP, e.g. AMS detects ACK & UL Basic Assignment A-MAP indicating a retransmission or AMS detects NACK & UL Basic Assignment A-MAP indicating a new transmission, AMS performs a (re)transmission in accordance with UL Basic Assignment A-MAP.

A UL HARQ burst is discarded if the maximum retransmission number [TBD] is reached.

15.2.1.x.2.2. Procedure for UL Persistent Allocation

With UL persistent allocation, HARQ retransmissions are performed as described in 15.2.1.x.2.1 General Uplink Procedure. The A-MAP type used for adaptive retransmissions is [TBD].
If the interval of UL persistent allocations is multiple of the frame duration, i.e. 5ms, 10ms, 15ms …, the maximum number of retransmissions for a persistently allocated UL HARQ burst is determined in accordance with the UL persistent allocation interval. For example, if the interval of UL persistent allocation is 20ms, the maximum number of the HARQ burst transmissions is limited to 4, i.e. initial transmission and 3 retransmissions.
15.2.1.x.2.3. Procedure for UL Group Allocation

With UL group allocation, HARQ retransmission can be done in two ways, i.e. individually or as a group. 
When allocated individually, HARQ retransmissions are performed as described in 15.2.1.x.2.1 General Uplink Procedure.
When allocated as a group, HARQ retransmissions are done in an adaptive manner. After decoding UL Group Resource Assignment A-MAP, corresponding grouped AMSs perform UL HARQ retransmission according to the UL Group Resource Assignment A-MAP.
15.2.1.x.3. HARQ-ARQ Interaction

If HARQ entity in the transmitter determines that the HARQ process was terminated with an unsuccessful outcome, the HARQ entity in the transmitter informs the ARQ entity in the transmitter about the failure of the HARQ burst. The ARQ entity in the transmitter can then initiate retransmission of the corresponding ARQ blocks to the HARQ burst.

------------------------------------------------------ End of the text ----------------------------------------------------------
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