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HARQ Architecture (Protocol and Timing) in IEEE 802.16m
Doo-hyun Sung, Hyungho Park and HanGyu Cho
LG Electronics
1. Introduction
Since 16m TG has decided to adopt subframe concept in a frame against the legacy system, it is necessary to define high-level 16m HARQ operation with consideration of 16m frame structure. This contribution presents HARQ support, HARQ retransmission mode in signaling aspect and the number of HARQ channels & related parameters.

2. HARQ architecture in IEEE 802.16m
2.1  HARQ support
In mobile communication environment, HARQ operation is essential to satisfy cell throughput and air-interface latency requirements. HARQ has been supported as an optional feature in IEEE 802.16e legacy system. This leads to some drawbacks. First, there are some exceptional cases where HARQ operation could not be applied, such as RNG-REQ message transmission during the initial ranging process. MSs which fail in successful transmission of RNG-REQ could not help restarting ranging process from retransmitting CDMA ranging code. It causes significant delay for performing initial entry to a cell. Second, the format of the DL control signaling message (MAP message) becomes rather complicated and wasteful. This causes the severe impact on the capacity of DL control signaling structure. From these reasons, we propose that HARQ operation shall be supported for DL/UL unicast packet transmissions.
2.2  HARQ retransmission mode in signaling aspect
HARQ retransmission mode would be generically classified into two categories, ‘control signaling based retransmission’ and ‘no control signaling based retransmission’.
In ‘control signaling based retransmission’, an additional control signaling should be signaled to an MS. The MS receives/transmits a retransmission from/to the BS according to information on it. Using this signaling, the BS could select the retransmission timing by indicating ACID (HARQ channel ID), and adaptively modify transport formats such as modulation, resource allocation and so on. Asynchronous/Adaptive HARQ would belong to this category. (We will not consider Synchronous/Adaptive HARQ because it is a subset of Asynchronous/Adaptive HARQ, if HARQ channel ID field is assumed)
On the contrary, an MS does not need to await an additional control signaling from the BS, in ‘no control signaling based retransmission’. After receiving NACK for an initial transmission, the MS performs the retransmission at pre-determined subframe. Synchronous/Nonadaptive HARQ would belong to this category.
The detailed pros and cons of HARQ retransmission mode had already presented in [1].
2.2.1 Downlink case
Under the condition that higher performance is required in DL than in UL, it would not be preferable to restrict the BS’s resource allocation (i.e. scheduling of MSs) based on MSs’ feedback information. Since MSs’ various feedback information such as CQI or PMI or etc., is signaled to the BS, it would be beneficial for the BS to exploit the feedback, so as to enhance downlink performance. Moreover, synchronous retransmission timing in downlink may cause collision with MBS subframe and require MSs’ additional operation to relieve it. Therefore we prefer to support ‘control signaling based retransmission’ (i.e. Asynchronous/Adaptive HARQ) in 16m downlink.
2.2.2 Uplink case
Unlike the downlink, it is rather hard for the BS to fully exploit MSs’ feedback information in the uplink, due to the unexpectable interference from other cells and the FFR mechanism to mitigate it. Considering these aspects, an additional control signaling for retransmission would not improve uplink performance, but rather increase DL control signaling overhead. Hence, we prefer to support ‘no control signaling based retransmission’ (i.e. Synchronous/Nonadaptive HARQ) in 16m uplink. Corresponding to this, downlink ACK channel should be defined. 
2.3  Number of HARQ channels & related parameters
The number of HARQ channels (or HARQ processes) associated with frame configurations, needs to be identified. The propagation delay + data processing interval each in BS and MS is assumed to be 2 TTIs [2]. Since 1 subframe in a frame is unit TTI (1 TTI) in 16m, the number of HARQ channels & DL/UL ACK delay become varied corresponding to each frame configuration. In some frame configurations, ACK/NACKs from more than 1 DL(UL) HARQ subframes would be converged into 1 UL(DL) subframe. To prevent relatively large number of ACK/NACK transmissions within one UL(DL) subframe, even distribution of multiple ACK/NACKs into UL/DL subframes would be necessary. As stage 2 level description, it seems significant to identify maximum number of HARQ channels and DL/UL ACK delays for whole possible frame configurations. Detailed numerical analysis will be provided in the text proposal.
3. Conclusion
We have presented high-level HARQ architecture in IEEE 802.16m, and propose the following along with the text proposal:
· HARQ operation shall be supported for DL/UL unicast packet transmissions.
· DL HARQ retransmission shall be performed in Asynchronous/Adaptive manner.

· The BS signals an additional control signaling for retransmission to MSs.

· UL HARQ retransmission shall be performed in Synchronous/Nonadaptive manner.

· MSs performs a retransmission without any additional control signaling.

· UL HARQ retransmission shall be performed in Synchronous/Nonadaptive manner.

Text Proposal for the IEEE 802.16m SDD [3]

================================= Start of Proposed Text ====================================
u.u HARQ support

HARQ operation shall be supported for DL/UL unicast packet transmission in both BS and MS.
v.v Downlink HARQ operation

DL HARQ retransmission is performed along with an additional control signaling for retransmission. This would be referred as Asynchronous/Adaptive HARQ. After decoding the control signaling, MSs receive retransmitted packets according to it. Through the additional control signaling, retransmission timing and transport format such as RB allocation, modulation, etc., could be changed in each retransmission. Table w.w shows UL ACK delay after which BS awaits ACK/NACKs from MSs corresponding to DL HARQ transmission. 
Table w.w - UL ACK delay for DL HARQ transmission
	System
Configuration
	UL MUXing
	Frame Configuration
	Subframe Index

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7

	16m only
	N.A
	DDDDDDDU
	7
	6
	5
	4
	3
	10
	9
	

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

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

	16m only
	N.A
	DDDDUUUU
	4
	4
	4
	4
	
	
	
	

	16m only
	N.A
	DDDUUUUU
	3
	3
	3
	
	
	
	
	

	16m only
	N.A
	DDUUUUUU
	3
	3
	
	
	
	
	
	

	16m only
	N.A
	DUUUUUUU
	3
	
	
	
	
	
	
	

	16m only
	N.A
	DDUUDDUU
	3
	5
	
	
	3
	5
	
	

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	
	4
	3
	
	
	

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	
	3
	3
	
	
	

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	4
	3
	3
	
	
	

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

	16e/m co-ex
	TDM
	DDDDUUUU
	
	
	4
	4
	
	
	
	

	16e/m co-ex
	TDM
	DDDDUUUU
	
	
	5
	4
	
	
	
	

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

	16e/m co-ex
	FDM
	DDDDDUUU
	
	
	
	3
	3
	
	
	

	16e/m co-ex
	FDM
	DDDDUUUU
	
	
	3
	3
	
	
	
	

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	† D, U: 16m, D, U: 16e
†† Propagation delay + Data processing interval = 2 TTIs


x.x Uplink HARQ operation
UL HARQ retransmission is performed without an additional control signaling for retransmission. This would be referred as Synchronous/Nonadaptive HARQ. MSs perform retransmissions at pre-determined subframe after identifying NACKs from the BS. Associated with the number of HARQ channels, the UL subframe wherein an MS performs the retransmission is implicitly determined; the Nth UL subframe from the initial tx. subframe. The value of N denotes the number of HARQ channels in Table y.y. Table z.z shows DL ACK delay after which MSs await ACK/NACKs from the BS corresponding to UL HARQ transmission.
Table y.y - The number of UL HARQ channels
	System
Configuration
	UL MUXing
	Frame Configuration
	The number of UL HARQ Channels

	
	
	
	

	16m only
	N.A
	DDDDDDDU
	1

	16m only
	N.A
	DDDDDDUU
	2

	16m only
	N.A
	DDDDDUUU
	3

	16m only
	N.A
	DDDDUUUU
	4

	16m only
	N.A
	DDDUUUUU
	5

	16m only
	N.A
	DDUUUUUU
	8

	16m only
	N.A
	DUUUUUUU
	11

	16m only
	N.A
	DDUUDDUU
	4

	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	1

	16e/m co-ex
	TDM
	DDDDDUUU
	2

	16e/m co-ex
	TDM
	DDDDDUUU
	2

	16e/m co-ex
	TDM
	DDDDDUUU
	1

	16e/m co-ex
	TDM
	DDDDUUUU
	2

	16e/m co-ex
	TDM
	DDDDUUUU
	1

	16e/m co-ex
	FDM
	DDDDDUUU
	3

	16e/m co-ex
	FDM
	DDDDDUUU
	4

	16e/m co-ex
	FDM
	DDDDUUUU
	5

	…
	…
	…
	…

	† D U: 16m, D U: 16e
†† Propagation delay + Data processing interval = 2 TTIs


Table z.z - DL ACK delay for UL HARQ transmission
	System
Configuration
	UL MUXing
	Frame Configuration
	Subframe Index

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7

	16m only
	N.A
	DDDDDDDU
	
	
	
	
	
	
	
	3

	16m only
	N.A
	DDDDDDUU
	
	
	
	
	
	
	3
	3

	16m only
	N.A
	DDDDDUUU
	
	
	
	
	
	3
	3
	3

	16m only
	N.A
	DDDDUUUU
	
	
	
	
	4
	4
	4
	4

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

	16m only
	N.A
	DDUUUUUU
	
	
	6
	5
	5
	4
	3
	9

	16m only
	N.A
	DUUUUUUU
	
	7
	6
	5
	4
	3
	10
	9

	16m only
	N.A
	DDUUDDUU
	
	
	3
	5
	
	
	3
	5

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	
	
	
	
	
	4

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	
	
	
	
	5
	5

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	
	
	
	
	4
	4

	16e/m co-ex
	TDM
	DDDDDUUU
	
	
	
	
	
	
	
	3

	16e/m co-ex
	TDM
	DDDDUUUU
	
	
	
	
	
	
	4
	4

	16e/m co-ex
	TDM
	DDDDUUUU
	
	
	
	
	
	
	
	3 

	16e/m co-ex
	FDM
	DDDDDUUU
	
	
	
	
	
	5
	5
	5

	16e/m co-ex
	FDM
	DDDDDUUU
	
	
	
	
	
	6
	5
	5

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

	…
	…
	…
	…
	…
	…
	…
	…
	…
	…
	…

	† D U: 16m, D U: 16e
†† Propagation delay + Data processing interval = 2 TTIs


=================================== End of Text Proposal ===================================
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