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Hyungho Park, Doo-hyun Sung, Eunjong Lee, HanGyu Cho
LG Electronics
1. Introduction
This contribution focuses on downlink (DL) control structure related to Hybrid-ARQ (HARQ). Based on the comparison of pros. and cons. of candidate HARQ operations, we strongly propose synchronous non-adaptive HARQ as the UL HARQ operation, and also address the necessity of new ACK/NACK channel design. In addition, we propose HARQ timing diagram for synchronous non-adaptive retransmission in UL HARQ. Also proposed is the maximum number of HARQ processes which is one of the component fields required for HARQ operation and is needed for explicit or implicit retransmission timing mapping in various DL/UL ratios.
2. Proposal of HARQ operations 
The sorts of component fields for HARQ functionality in DL control channel depend on which HARQ operation is applied. This section, therefore, starts with comparison of candidate HARQ operations. 
2.1 Candidate HARQ operations 
There are two representative HARQ operations when considering both retransmission timing and format - Synchronous Non-adaptive and Asynchronous Adaptive. The meaning of asynchronous/synchronous and adaptive/non-adaptive HARQ is described in Appendix. 
Table 1 shows the general advantages and disadvantages of two operations, mainly based on scheduling gain and signaling overhead. 
Table 1. Comparison of advantages and disadvantages of two candidate HARQ operations.
	
	Asynchronous Adaptive
	Synchronous Non-adaptive

	Advantages
	· Larger amount of scheduling gain

· Easy to avoid collision with high prioritized services (persistently scheduled VoIP MS, MBMS)


	· Less control signaling overhead

- More useful under larger amount of DL/UL data Traffic
- No burden to map HARQ process ID to the associated subframe in various DL/UL ratios and legacy/16m ratios.

	Disadvantages
	· Control signaling overhead

· Strong dependency of scheduling gain on the reliability of feedback information
	· Solutions needed to avoid collision with high prioritized services (VoIP, MBMS)

· Difficult to exploit scheduling gain


2.2  Proposal of UL HARQ operation for IEEE 802.16m
When we consider asynchronous adaptive operation as the UL HARQ, additional disadvantages besides what is shown in Table 1 exist as follows: 
· The leakage of scheduling gain is inevitable since interference level from MSs in other cells will vary in time [1]. 
· Asynchronous adaptive HARQ has further control signaling overhead in sub-framed structure which would be probably considered in 802.16m. It also requires more processing burden in MS side.
Based on the Table 1 and the above additional disadvantages of asynchronous adaptive operation, we propose synchronous non-adaptive HARQ as the UL HARQ operation for IEEE802.16m. Table 2 compares signaling overhead of various HARQ operations where it is shown that synchronous non-adaptive HARQ operation does not have to consider additional component fields for retransmission.
In reality, legacy 16e adopts ACK/NACK signaling based on AI_SN field for UL HARQ, which implicitly supports asynchronous adaptive HARQ operation. To support synchronous non-adaptive operation for UL HARQ in 16m, we strongly believe that new ACK/NACK channel design is needed and further discussion about specific design technique should be developed based on the analysis of overhead and reliability.
To avoid potential collision with other high prioritized transmissions such as persistently scheduled VoIP and MBMS, we also support partly adaptive HARQ and detailed operation is FFS.
Table 2: Signaling overhead comparison of various HARQ operations.
	Component fields
related to HARQ
	Asynchronous
	Synchronous

	
	Adaptive
	Non-adaptive
	Adaptive
	Non-adaptive

	
	Int. Tx
	Re Tx
	Int. Tx
	Re Tx
	Int. Tx
	Re. Tx
	Int Tx
	Re Tx

	Resource allocation
	24
	24
	24
	0
	24
	24
	24
	0

	Duration assignment
	2
	2
	2
	0
	2
	2
	2
	0

	Modulation scheme
	2
	2
	2
	0
	2
	2
	2
	0

	Payload size
	5
	5
	5
	0
	5
	5
	5
	0

	Antenna configuration
	2
	2
	2
	0
	2
	2
	2
	0

	HARQ process number
	3
	3
	3
	3
	0
	0
	0
	0

	Redundancy version
	2
	2
	0
	0
	2
	2
	0
	0

	New Data indication
	1
	1
	0
	0
	1
	1
	0
	0

	CRC
	16
	16
	16
	16
	16
	16
	16
	0

	Total (bits)
	57
	57
	54
	19
	54
	54
	51
	0


2.3  DL HARQ operation for IEEE 802.16m  
In case of DL HARQ operation, asynchronous adaptive HARQ operation would be more desirable in terms of scheduling gain since it is easier to estimate and predict the SINR level in DL due to fixed interferences coming from other BSs.
However, we also need to consider benefits of synchronous non-adaptive operation. In particular, when legacy and 16m are considered together and sub-framed structure is considered, the significance of overhead reduction would be increased. Further consideration on HARQ operations in DL may not be excluded.
3. Proposal of HARQ process timing and HARQ process number 
In order to design the configuration of HARQ operation for IEEE 802.16m, it is needed to find how many HARQ process can be supported to achieve continuous retransmissions. In addition, HARQ timing diagram is required for explicit or implicit signaling of HARQ functionality. Here we assume that processing delay for both MS and BS is 2 TTI including frame alignment and propagation delay [2]. Detailed HARQ timing diagram is presented in text proposal where we can figure out mapping rule for ACK/NACK signaling and retransmission according to each HARQ process number. 
Also shown in the HARQ timing diagram is the maximum number of HARQ process for HARQ. Since the analysis of HARQ process number can be adopted for both UL and DL, we summarize it in Table 3 and propose that the maximum number of HARQ processes in 16m considering various DL/UL ratios is eight.
Table 3. HARQ process number for DL/UL HARQ.
	DL:UL ratio
	3:5
	4:4
	5:3
	6:2
	2:6

	HARQ process number
	5
	4
	3
	2
	8


4. Conclusion
We would like to replace conclusion with the following text proposal.
Text Proposal for the 802.16m SDDs [3]

================================= Start of Proposed Text ====================================
x.x Uplink Hybrid-ARQ operation 
Uplink (UL) Hybrid-ARQ (HARQ) is based on synchronous non-adaptive HARQ. Fig. y.y. shows the UL HARQ timing diagram where we can figure out implicit mapping between HARQ process number and the associated unit of TTI for ACK/NACK signaling and retransmission. Considering the N-channel stop and wait protocol, the maximum number of HARQ process is eight. To efficiently support synchronous non-adaptive UL HARQ, new ACK/NACK channel design is definitely required and detailed design is FFS. Detailed method to avoid potential collision with other services such as persistent scheduled VoIP and MBMS is also FFS.
(a) DL:UL = 5:3 (3 x 8 TTI RTT)
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(b) DL:UL = 6:2 (2 x 8 TTI RTT)
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(c) DL:UL = 4:4 (4 x 8 TTI RTT)
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(d) DL:UL = 3:5 (5 x 8 TTI RTT)
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(e) DL: UL = 2:6 ( 6 x 10 TTI RTT & 2 x 12 TTI RTT)
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                                       Figure y.y: UL HARQ timing diagram 
=================================== End of Text Proposal ===================================
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Appendix
· Classification of HARQ operations
· Synchronous/ Asynchronous HARQ (retransmission timing)
HARQ operation can be classified into sorts of two according to whether the time of HARQ process is known as explicit or implicit signaling. Synchronous HARQ define that retransmission for a certain HARQ process is restricted to occur at known TTI between MS and BS. There is no explicit signaling to perform HARQ process. In case of Asynchronous HARQ, retransmission may take place at any time. Therefore, explicit signaling such as HARQ process number, Redundancy Version and new data indicator is required to perform HARQ process. 
· Adaptive/Non-adaptive HARQ (retransmission format) 
HARQ operation can be further classified as being adaptive or non-adaptive in terms of transmission attribute (e.g. modulation, code rate, resource block allocation, duration of transmission, etc.). Adaptive means that the some or all of transmission attribute may be changed during retransmission comparing to initial transmission. In case of non-adaptive HARQ, the format for retransmission is not changed or is known to both MS and BS. Hence, associated the control signaling is not required. 
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