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Consideration on Uplink HARQ
Wang Junhu, Sun Bo
ZTE Corporation

1 Introduction
Synchronous HARQ　has been adopted for uplink HARQ in IEEE 802.16m SDD[1]. The following HARQ parameters are defined while their associated values need further investigation:

•  Maximum retransmission delay: FFS  

•  Maximum number of retransmissions: FFS  

•  Maximum number of HARQ processes FFS  

•  ACK/NACK delay: FFS 
For synchronous HARQ, ACK/NACK feedback and retransmission occur at predetermined time. Maximum Retransmission Delay (MRD) actually is the required delay for synchronous HARQ. 

The uplink HARQ MRD is determined by DL/UL ratio， proceeding delays of ABS and AMS, and the distribution of DL ACK channels on downlink subframes. Since DL ACK/NACK feedback is transmitted in USCCH channel, we have to concern about the pattern of USCCH distribution as well. 

In [2], a synchronous HARQ timing method was proposed, which sets allocation period to be an integer number of radio frames. This method simplifies the timing pattern. The contribution gives the parameters listed above in different UL/DL ratios.
2 Problem Definition and Analysis
In TDD system, synchronous HARQ MRD is selected with concerns as described above. We define the proceeding delay of ABS to be D1, the proceeding delay of AMS to prepare for retransmission to be D2, and the delay caused by TDD DL/UL allocation to be D3. These three kinds of delays are illustrated in Fig 1.  

In Figure1, D1 and D2 are assumed to be 2 subframes separately. D3 is set to 3 subframes for HARQ subframe SF0 in Figure1.  The ideal mode of synchronous HARQ is that the retransmissions occur on the same subframe as the initial transmission. While in Fig.1, data in subframe SF0 has to be retransmitted in SF9 with D1, D2 and D3 culculated. The whole timing pattern may change if any of D1, D2 and D3 changes. 
Figure 2 shows another case with D2 to be 3. 
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Fig.1 delays in TDD HARQ
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Synchronous HARQ timing should be based on a permissible tolerance for D1 and D2, which would not set a strict request to the terminal process speed. In some cases, if D2 is too strict, the terminals with lower processing ability and basic service capability will be exempted from accessing to the system. 

For services with different QoS requirements, the tolerable MRD of HARQ process is also different. Some service, e.g. VoIP, needs a much strict MRD to meet the life cycle of the data. While, the best effort service typically can tolerate a relatively longer MRD. 
To support MSs with different processing capability and services different QoS requirements, 16m should provide some flexibility to allow the coexistence of HARQ processes with different MRD. The MRD should be HARQ-process dependent. And MRD shall be one or more times of radio frames to simplify the timing scheme and support different scenarios.
3 Proposed Solution
The proposed UL HARQ solution is:
1) The value of Maximum Retransmissions Delay is HARQ-process dependent, e.g. 5ms or 10ms. 

2) For different QoS request, HARQ processes can be configured with different MRD.

3) For HARQ processes which is configured with 5ms MRD, the retransmission will occur at the same subframe in the following radio frame. For HARQ processes which is configured with 10ms MRD, the retransmission will occur at the following every other radio frame.

4) A MS that could support 5ms MRD can also support longer MRD, e.g. 10ms. 

5) During basic negotiation, AMS can negotiate the proper MRD value with ABS according to its process ability and QoS requirement. AMS can apply for HARQ process with supported MRD. 
6) During one HARQ process, ABS can indicate AMS to change its HARQ MRD through messages.
4  Text Proposal for the 802.16m SDD

=====================Start of Proposed Text =================================
 10.2.2 HARQ in the Uplink
10.2.2.1 HARQ Timing and Protocol

IEEE 802.16m uses synchronous HARQ scheme in the uplink.

The following HARQ parameters and their associated values are defined:

• Maximum retransmission delay: FFS HARQ-Process Dependent, e.g. 5ms, 10ms, etc.
……
 10.2.2.3 HARQ Re-transmissions
For synchronous HARQ, resource (block) 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 is known a priori. The ABS can by means of signaling enable an adaptive UL HARQ mode. In adaptive HARQ the parameters of the retransmission are signaled explicitly.
ABS shall support multi HARQ process with different MRD for UL HARQ. AMS shall support 10ms MRD for UL HARQ at least. If AMS supports HARQ process with a strict MRD, e.g. 5ms, it shall also support HARQ process with longer MRD, e.g. 10ms.

The MRD of an UL HARQ process is negotiated during basic ability negotiation between AMS and ABS. If an AMS supports the strictest UL HARQ MRD, e.g. 5ms, it shall support HARQ processes with different MRDs simultaneously.
The MRD setting of an UL HARQ process is decided when the UL HARQ process is initiated. With the MRD of a HARQ process can be changed with indication from ABS. 
=====================end of Proposed Text =================================
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