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Proposed Text for the IEEE 802.16m Amendment on HARQ protocol
Yih-Shen Chen, I-Kang Fu, Kelvin Chou and Paul Cheng
MediaTek Inc.

1. Introduction

Text for the HARQ sections in the IEEE 802.16m Amendment is proposed in this contribution. The technical text is complied with the 802.16m SRD [1], and the IEEE 802.16m SDD [2] and the IEEE P802.16 Rev2/D7 [3]. The key items in the contribution are listed as follows:

· The main concepts of “10.2 HARQ” in the IEEE 802.16m SDD [2] are captured.
· We propose HARQ acknowledgement feedback timing (TDD mode)
2. References
[1] IEEE 802.16m-07/002r7, “802.16m System Requirements Document (SRD)” 

[2] IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”

[3] IEEE P802.16 Rev2 / D9, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 
for Broadband Wireless Access,” Oct. 2008.

3. HARQ acknowledgement timing calculation (TDD mode)
Synchronous HARQ feedback is adopted in 802.16m. When an HARQ burst is received, the receiver should feedback HARQ acknowledgement signal according to a pre-defined time (i.e., ACK/NACK delay). However, the exact timing may be affected by frame configuration related factors, such as: DL/UL ratio, frame supporting legacy mode, frame supporting relay mode, and A-MAP relevance. Fig 1 and Fig. 2 show the TDD-mode frame configurations when 16m system supports legacy mode and relay mode, respectively. From the figures, it can be seen that some subframes are unavailable for acknowledgement feedback. So, some modifications on feedback timing is required.
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Fig 1: Relative position of the IEEE 802.16m and IEEE 802.16e radio frames (copied from SDD)
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Fig 2: Relay Frame structure (copied from SDD)
To calculate the timing, a typical frame structure can be used, shown in Fig. 3. In the figure, it can be seem that except for the time zone for 16m transmission (
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 and 
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), there are three time gaps that are unavailable for acknowledgement feedback.
· 
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: For frame supporting legacy mode, it is the time reserved for legacy DL transmission

· 
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gap

T

: For frame supporting legacy mode, it is the time reserved for legacy UL transmission; for frame supporting replay mode, it is the time reserved for 16m network coding receive/transmit zone.

· 
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: For frame supporting legacy mode, it is the time reserved for legacy DL transmission, which is equivalent to FRAME_OFFSET.
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Fig 3: typical frame structure for calculating HARQ timing
For a DL HARQ burst that received at subframe x of frame y, AMS should send acknowledgement feedback at timing (x’, y’) according (xxx-1)
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where
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T

is the duration of transmission and
[image: image11.wmf]n

is A-MAP relevance. According to SDD, n is 1 or 2.

For a UL HARQ burst that received at subframe x of frame y, ABS should send acknowledgement feedback at timing (x’, y’) according (xxx-2)
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4. Text proposal for the 802.16m Amendment
-----------------------------------------------------------Start of the Text---------------------------------------------------------
15 Advanced Air Interface

15.2 Medium Access Control Layer
15.2.2 HARQ Functions
HARQ is mandatory for both downlink and uplink unicast data traffic at both ABS and AMS. 
15.2.2.1  HARQ in the Downlink
15.2.2.1.1 HARQ Timing and Protocol 
Advanced WirelessMAN-OFDMA system uses asynchronous HARQ scheme in the downlink. The following HARQ parameters and their associated values are defined and transmitted over S-SFH.
• Maximum retransmission delay.: [4]

• Maximum number of retransmissions: [16]

• Maximum number of HARQ processes [16]

• ACK/NACK delay (
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): [2,3]

The maximal retransmission delay is defined as the maximal latency between two successive retransmissions. A failed HARQ burst should be retransmitted within maximum retransmission delay bound. The maximal number of retransmissions is defined as the maximal possible retry count for a failed burst. An HARQ burst is discarded if a maximum number of retransmissions is reached. The maximal number of HARQ processes is defined as the available number of HARQ channels in the downlink direction. The HARQ ACK/NACK delay is defined as the time latency between the reception of DL HARQ burst and the transmission of corresponding acknowledgement.
For a DL HARQ burst that received at subframe x of TDD frame y, AMS should send acknowledgement feedback at timing (x’, y’) according (xxx-1)
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: For frame supporting legacy frames, it is the time reserved for 16e DL transmission
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: For frame supporting legacy frames, it is the time reserved for 16e UL transmission; For frame supporting replay frames, it is the time reserved for 16m network coding receive/transmit zone.
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: For frame supporting legacy frames, it is the time reserved for 16e DL transmission, which is equivalent to Frame_Offset.
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: A-MAP relevance; i.e., 1 or 2.
HARQ bursts for MAC management messages are not multiplexed with those for data connections.
15.2.2.1.2 HARQ Operation with Persistent and Group Allocation
When persistent allocation is applied to initial transmissions, HARQ retransmissions are supported in a non-persistent manner, i.e. resources are allocated dynamically for HARQ retransmissions. Asynchronous HARQ operation is supported.
With Group Allocation, the HARQ retransmissions may either be dynamically allocated or allocated as a group. When allocated dynamically, the HARQ re-transmissions are asynchronous. In case of Group Allocation, the HARQ retransmissions are transmitted in fixed time intervals.
15.2.2.1.3 HARQ Re-transmissions
Advanced WirelessMAN-OFDMA uses adaptive HARQ scheme in the downlink. In adaptive asynchronous HARQ, the resource allocation and transmission format for the HARQ retransmissions may be different from the initial transmission. In case of retransmission, control signaling is required to indicate the resource allocation and transmission format along with other HARQ necessary parameters. In case that some parameters are skipped for the retransmission allocation, the parameters from the previous allocation are assumed.
15.2.2.2  HARQ in the Uownlink
15.2.2.2.1 HARQ Timing and Protocol
IEEE 802.16m uses synchronous HARQ scheme in the uplink. The following HARQ parameters and their associated values are defined and transmitted over S-SFH.
• Maximum number of retransmissions: [4]

• Maximum number of HARQ processes: [16]

• ACK/NACK delay (
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The maximal number of retransmissions is defined as the maximal possible retry count for a failed burst. An HARQ burst is discarded if a maximum number of retransmissions is reached. The maximal number of HARQ processes is defined as the available number of HARQ channels in the downlink direction. The HARQ ACK/NACK delay is defined as the time latency between the transmission of UL HARQ burst and the reception of corresponding acknowledgement.
For a UL HARQ burst that received at subframe x of TDD frame y, ABS should send acknowledgement feedback at timing (x’, y’) according (xxx-2)
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15.2.2.2.2 HARQ Operation with Persistent and Group Allocation
When persistent allocation is applied to initial transmissions, HARQ retransmissions are supported in a synchronous manner i.e., resources are allocated implicitly or explicitly. With Group Allocation, the HARQ retransmissions may either be allocated individually or allocated as a group. 
15.2.2.2.3 HARQ Re-transmissions 
For synchronous HARQ, resource allocation for the retransmissions in the uplink can be fixed or adaptive according to control signaling. The default operation mode of HARQ in the uplink is non-adaptive, i.e. the parameters and the resource for the retransmission are known a priori without signaling. The ABS can by means of signaling enable an adaptive UL HARQ mode. In adaptive HARQ the parameters of the retransmission are signaled explicitly. The MS should stop UL transmission if Assignment A-MAP is not decodable at the retransmission timing.
10.2.3 HARQ and ARQ Interactions 

When both ARQ and HARQ are applied for a flow, HARQ and ARQ interactions described here can 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 burst. The ARQ entity in the transmitter can then initiate retransmission and re-segmentation of the ARQ blocks that correlate to the failed HARQ burst.
-----------------------------------------------------------End of the Text---------------------------------------------------------[image: image24.png]
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