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Proposed Text of HARQ Protocol for the 802.16m Amendment
Jaeweon Cho
TGm HARQ Protocol DG Chair 
1. Introduction
This contribution proposes the amendment text of HARQ protocol in the Advanced Air Interface, to be included in Section 15.2 of the IEEE 802.16m Amendment Working Document [1]. The proposed text is compliant to the 802.16m SDD [2]. 
The proposed text in this contribution was developed through discussion within the HARQ Protocol DG. A baseline text on all relevant issues except HARQ timing had been harmonized and included into this proposed text. It is also note that the followings were agreed in the HARQ Protocol DG – Those shall be properly considered in design of DL control message:

· The size of ACID shall be 4bit in DL and 3bits in UL.

· The delay between two consecutive HARQ transmissions of the same data burst in DL, and the number of retransmissions of the same data burst in DL and UL, shall be configurable and provided to MS via a DL broadcasting message.

2. References
[1] IEEE 802.16m-09/0010r1a, “IEEE 802.16m Amendment Working Document (AWD)”, 2009-03-31.

[2] IEEE 802.16m-08/003r8, “The Draft IEEE 802.16m System Description Document”, 2009-04-10. 
3. Text proposal for inclusion in the 802.16m AWD
[Insert the following new subcluase into Section 15.2] 
-------------------------------  Text Start  --------------------------------------------------- 
15.2.x   HARQ Functions
HARQ shall be used for unicast data traffic in both downlink and uplink. The HARQ shall be based on a stop-and-wait protocol. ABS and AMS shall be capable of maintaining multiple HARQ channels. DL HARQ channels are identified by HARQ channel identifier (ACID). UL HARQ channels are identified by both ACID and the index of UL subframe in which UL HARQ data burst is transmitted. Multiple UL HARQ channels in the same UL subframe shall be identified by different ACIDs, and UL HARQ channels in different UL subframes shall be identified by the index of UL subframe when the same ACID is addressed to them.

15.2.x.1   HARQ subpacket generation and transmission
Generating the HARQ subpackets shall follow 15.3.x [channel coding section]. The received subpackets shall be combined by the FEC decoder as part of the decoding process.

Incremental redundancy (IR) is mandatory, with Chase combining as a special case of IR. For IR, each subpacket contains the part of codeword determined by a subpacket identifier (SPID). 
The rule of subpacket transmission is as follows:

For downlink,

a) At the first transmission, ABS shall send the subpacket labeled 0b00. 
b) ABS may send one among subpackets labeled 0b00, 0b01, 0b10 and 0b11 in any order. 


For uplink,

a) At the first transmission, AMS shall send the subpacket labeled 0b00.

b) AMS shall send one among subpackets labeled 0b00, 0b01, 0b10 and 0b11 in sequential order. 

In order to specify the start of a new transmission, one-bit HARQ identifier sequence number (AI_SN) is toggled on every new HARQ transmission attempt on the same ACID. If the AI_SN changes, the receiver treats the corresponding HARQ attempt as belonging to a new encoder packet and discards previous HARQ attempt with the same ACID.
15.2.x.2   Generic HARQ signaling and timing
15.2.x.2.1   HARQ Signaling 
15.2.x.2.1.1   Downlink 
Upon receiving a DL Basic Assignment A-MAP IE, AMS attempts to decode the data burst. If the decoding is successful, AMS shall send a positive acknowledgement to ABS; otherwise, AMS shall send a negative acknowledgement to ABS.
The process of retransmissions shall be controlled by ABS using the ACID and AI_SN fields in the DL Basic Assignment A-MAP IE. If the AI_SN field for the ACID remains same between two HARQ bursts allocation, it indicates retransmission. Through the DL Basic Assignment A-MAP IE for retransmission, ABS may allocate different resource allocation and transmission format. If 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 DL, the maximum number of total HARQ processes per AMS is 16. The delay between two consecutive HARQ transmissions of the same data burst shall not exceed the maximum [T_ReTx_Interval]. The number of retransmissions of the same data burst shall not exceed the maximum [N_MAX_ReTx].
The timing for transmitting DL Basic Assignment A-MAP IE, DL HARQ subpacket, and HARQ feedback in UL are described in 15.2.x.2.2.
15.2.x.2.1.2   Uplink 
Upon receiving a UL Basic Assignment A-MAP IE, AMS shall transmit the subpacket of HARQ data burst through the resource assigned by the UL Basic Assignment A-MAP IE. 
ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.

Upon receiving the negative acknowledgement, AMS shall trigger retransmission procedure.
In the retransmission procedure, if AMS does not receive a UL Basic Assignment A-MAP IE for the HARQ data burst in failure, AMS shall transmits the next subpacket through the resources assigned at the latest subpacket transmission with the same ACID. A UL Basic Assignment A-MAP IE may be sent to signal control information for retransmission with the corresponding ACID and AI_SN being not toggled. Upon receiving the UL Basic Assignment A-MAP IE, AMS shall perform the HARQ retransmission as instructed in this UL Basic Assignment A-MAP IE.
In UL, the maximum number of total HARQ processes per AMS is 16. The number of retransmissions of the same data burst shall not exceed the maximum [N_MAX_ReTx].

The timing for transmitting UL Basic Assignment A-MAP IE, UL HARQ subpacket, and HARQ feedback in DL are described in 15.2.x.2.2.
15.2.x.2.2   A-MAP relevance and HARQ timing 
15.2.x.3   Group Resource Allocation HARQ signaling and timing

15.2.x.3.1   Downlink 

Upon receiving a DL Group resource allocation A-MAP IE, the scheduled AMS attempts to decode the data burst intended for it. If the decoding is successful, AMS shall send a positive acknowledgement to ABS; otherwise, AMS shall send a negative acknowledgement to ABS.
With DL group resource allocation, the HARQ retransmissions shall be allocated individually. HARQ retransmissions shall be done by using a DL Basic Assignment A-MAP IE, as described in 15.2.x.2.1.1. This DL Basic Assignment A-MAP IE shall carry the same ACID as the one used by the DL Group resource allocation A-MAP IE for the first HARQ subpacket transmission.
15.2.x.3.2   Uplink 

Upon receiving a UL Group resource allocation A-MAP IE, AMS shall transmit the subpacket of HARQ data burst through the resource assigned by the UL Group resource allocation A-MAP IE. 
ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.

With UL group resource allocation, the HARQ retransmissions shall be allocated individually. HARQ retransmissions shall be done as described in 15.2.x.2.1.2. When a UL Basic Assignment A-MAP IE is sent, the UL Basic Assignment A-MAP IE shall carry the same ACID as the one used by the UL Group resource allocation A-MAP IE for the first HARQ subpacket transmission.

15.2.x.4   Persistent Allocation HARQ signaling and timing

15.2.x.4.1   Downlink 

Upon receiving a DL persistent A-MAP IE, AMS attempts to decode the data burst at every periodic subframe specified in the DL persistent A-MAP IE. If the decoding is successful, AMS shall send a positive acknowledgement to ABS; otherwise, AMS shall send a negative acknowledgement to ABS.
With DL persistent allocation, HARQ retransmissions shall be done by using a DL Basic Assignment A-MAP IE, as described in 15.2.x.2.1.1.
15.2.x.4.2   Uplink

Upon receiving a UL persistent A-MAP IE, AMS shall transmit the subpacket of HARQ data burst through the assigned resource at every periodic subframe specified in the UL persistent A-MAP IE.
ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive acknowledgement to AMS; otherwise, ABS shall send a negative acknowledgement to AMS.

With UL persistent allocation, HARQ retransmissions shall be done as described in 15.2.x.2.1.2.
15.2.x.5   HARQ and ARQ Interactions

When both ARQ and HARQ are applied for a flow, HARQ and ARQ interactions described here may be applied to the corresponding flow. 
If the 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 data burst. The ARQ entity in the transmitter can then initiate retransmission and re-segmentation of the ARQ blocks that correlate to the failed HARQ data burst.
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