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1 Introduction

HARQ for Un is being discussed in RAN1 for both FDD and TDD. For TDD Un HARQ, recent progress is summarized below:  
During RAN1 60, it was agreed that “For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported. For TDD, explicit configuration on the set of Un UL subframes is supported. and implicit configuration on the set of Un UL subframes is FFS.”
During RAN1 60bis, it was agreed that “Supporting TDD UL-DL configurations #1, #2, #3, #4, #6 in LTE Rel-10 was the baseline.”
During RAN1 61bis it was agreed that “Uplink-heavy asymmetric UL-DL subframe configurations were not supported in the Un in Rel-10.” Also as a working assumption, “Asynchronous HARQ is used for DL Un transmissions; Synchronous HARQ is used for UL Un transmissions and UL Un HARQ RTT is always 10ms for all the supported TDD UL-DL configurations.”
This contribution provides further analysis for TDD Un HARQ timing based on the agreed working assumption, and proposes the following Un timing rules:

· Implicit HARQ timing is used for Un link

· Reusing Rel-8 DL grant to UL PUSCH timing is the baseline
· Minimal modifications of Rel-8 HARQ timing for the Un. 

· Minimal impact/loss of Uu UL ACK/NACK
2 Discussion

2.1 Un implicit HARQ timing 
Implicit HARQ timing is used for LTE Rel-8/9, because of its simplicity, low overhead, and enough flexibility. In a Similar manner than for Rel-8/9, Un HARQ can be implicit, and performs efficiently. It was agreed in RAN1#61bis that uplink-heavy asymmetric UL-DL subframe configurations were not supported in Rel-10. Which reduces the unnecessary complex Un HARQ timing due to the UL heavy Un subframe allocation in Rel-10 and paves a way for the implicit HARQ timing. With implicit HARQ timing, all Un UL subframes can be derived from the assigned Un DL subframe allocation. That reduces the signalling overhead for UL subframe indication and keeps the commonality with FDD HARQ timing. Also, the configured Un DL subframes can provide a lot of flexibility for the Un subframe allocation in Rel-10. Similar than for Rel-8, implicit Un HARQ timing can easily be specified. 
The proposal is:

Implicit Un HARQ timing is used for the Un link   
2.2 Reusing Rel-8 DL grant to UL PUSCH timing is the baseline 
Like the discussion in FDD [3], keeping the same timing between eNB-to-UE and eNB-to-RN in the Un link is helpful for scheduling efficiency. It is applicable to TDD: in Appendix A, UL-DL configurations 1/2/3/4/6, reusing Rel-8 DL grant to UL PUSCH timing are exemplified and shown in the suggested Un subframe allocation and HARQ timing (pink color row).
The proposal is:
Reusing Rel-8 DL grant to UL PUSCH timing is baseline for Un HARQ timing
2.3 PDSCH to UL ACK/NACK timing reusing Rel-8 when possible
PDSCH to UL ACK/NACK timing should also try to reuse Rel-8 when possible. It is easy to do, as shown in the Appendix for configurations 1/2/4/6.
However, for UL-DL configuration 3, small modifications can be done to better fit in the available Un subframe. This is also shown in Appendix. In the suggested Un subframe allocation and HARQ timing case, Rel-8 DL grant to UL PUSCH timing is baseline for Un HARQ timing and is reused (UL grant in subframe9, the corresponding UL PUSCH is in the UL subframe subframe3); PDSCH in DL subframe7 and 8, the corresponding UL ACK/NACK in UL subframe 3 also reuse Rel-8. PDSCH in Un DL subframe9, the corresponding UL ACK/NACK can be modified to be in UL subframe 3. It should be noted although when UL subframe 4 is used for backhaul link, the UL ACK/NACK feedback from DL subframe 9 timing can be reused, but the UL grant sent for UL subframe in Rel-8 is in the subframe 0, considering the scheduling efficiency impact, it is suggested to align PDSCH to UL ACK./NACK timing with UL grant to PUSCH timing (UL grant/PDSCH in DL subframe9 and PUSCH/UL ACK/NACK subframe3)for this UL-DL configuration 3.
The proposal is:
Reusing Rel-8 HARQ timing in Un link for UL-DL configuration1/2/4/6; PDSCH vs. UL ACK/NACK timing in configuration 3 can be slightly modified to enable this configuration. 

2.4 Least impact/loss of access UL ACK/NACK feedback
Un link subframe allocation and HARQ timing should minimize impact on Un link. For the suggested Un subframe allocation and the corresponding HARQ timing in UL-DL configuration 1/3/6 in the appendix, there is no Un UL ACK/NACK impact. For UL-DL configuration2/4, there is some access link ACK/NACK loss for the suggested Un subframe configuration. Such ACK/NACL loss can be solved by ACK/NACK repetition with certain resource efficiency loss. Other improvements can be considered for future releases.
The proposal is:

Un subframe allocation and HARQ timing should have minimal impact on access UL ACK/NACK

3 Conclusion

Based on the above analysis, we have the following proposals on TDD Un HARQ timing based on the agreed fixed 10ms Un RTT:
· Implicit Un HARQ timing is used in Un link 

· Reusing Rel-8 DL grant to UL PUSCH timing is baseline for Un HARQ timing 
· Reusing Rel-8 HARQ timing in Un link for UL-DL configuration1/2/4/6; PDSCH VS. UL ACK/NACK timing in configuration 3 can be slightly modified to enable this configuration.  

· Un subframe allocation and HARQ timing should have minimal impact on access UL ACK/NACK
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Appendix
Table1 UL grant VS. PUSCH in Rel-8

	TDD UL/DL
Configuration
	DL/UL ratio

UL grant VS. PUSCH
	Subframe index n

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	2:2
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	
	UL grant VS. PUSCH
	
	G1-6
	
	
	G4-4
	
	G6-6
	
	
	G9-4

	2
	3:1
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	
	UL grant VS. PUSCH
	
	
	
	G3-4
	
	
	
	
	G8-4
	

	3
	6:3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	
	UL grant VS. PUSCH
	G0-4
	
	
	
	
	
	
	
	G8-4
	G9-4

	4
	7:2
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	
	UL grant VS. PUSCH
	
	
	
	
	
	
	
	
	G8-4
	G9-4

	6
	3:5
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	
	UL grant VS. PUSCH
	G0-7
	G1-7
	
	
	
	G5-7
	G6-7
	
	
	G9-5
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	UL-DL

Configuration
	Subframe n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


UL-DL Configuration 1
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UL-DL Configuration 2
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UL-DL Configuration 3
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UL-DL Configuration 4
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UL-DL Configuration 6

[image: image8.png]Uplink-
downlink
configuration
6
UL Grant1
V5 PUSCH
PDSCH1 V5
uL
ACKINACK

Subframe number

Subframe number





_1342603464.unknown

_1342603477.unknown

_1342603219.unknown

