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1 Introduction

At RAN1#62，the rules for TDD Un HARQ transmission timings were agreed [1], and several Un subframe configurations were also approved for TDD UL-DL configurations #1, #2, #3, #4, #6 [2], [3]. 
This contribution provides further analysis of remaining possible backhaul subframe configurations for TDD UL-DL configurations #2, #3, #4. 
2 Discussion

When a UL subframe is allocated for the Un link, the corresponding DL subframe would not get ACK/NAK if it is assigned for the Uu link. To some extent, this can be solved by ACK/NAK repetition, but this is not a very efficient mechanism. The number of blocked Uu DL subframe should be minimized by careful Un subframe configuration to limit this ACK/NAK blockage problem. Reusing Rel-8 UL grant to UL PUSCH timing on Un link is the baseline with least standard impact, and new Un HARQ timeline is unnecessary unless significant gain is proved.
Furthermore, the Un UL ACK/NAK feedback latency for Un DL transmission should also be minimized. In Rel-8, at most 13ms is needed to feedback UL ACK/NAK for PDSCH, although this value maybe too large for Un link considering the two-hop end to end latency. 
Based on the above consideration, possible Un subframe configurations for TDD configurations #2, #3, #4 are provided.
2.1 TDD Configuration 2
For TDD UL-DL configuration #2, Un configurations No#1, 2, 3, 4 shown in Table 1 were agreed at RAN1#62. Other configurations for higher DL: UL ratios may need to be considered.
Table 1 Possible Un subframe configuration for TDD UL-DL configurations #2
	No
	Un DL:UL ratio
	Configurations
	Un HARQ timeline

	Uu DL A/N

	Place of Uu UL Grant/A/N

	Un UL Grant to PUSCH timing same with Rel-8?

	
	
	DL 
	UL
	case1
	case2
	Blocked
	Not blocked
	Un SF
	Uu SF
	

	1
	1-1
	8
	2
	4
	4
	4,5,6 
	0,1,3,9 
	- 
	7
	Y　

	2
	　
	3
	7
	4
	4
	0,1,9 
	4,5,6,8 
	- 
	2
	Y　　

	3
	2-1
	8,4 
	2
	4,8
	4
	5,6 
	0,1,3,9 
	- 
	7
	Y　　

	4
	　
	3,9 
	7
	4,8
	4
	0,1 
	4,5,6,8 
	- 
	2
	Y　　

	5
	3-1
	3,4,8 
	2
	9,8,4
	4
	5,6 
	0,1,9 
	7
	- 
	Y　　

	6
	　
	3,8,9 
	7
	4,9,8
	4
	0,1 
	4,5,6 
	2
	- 
	Y　　

	7
	　
	8,9,4 
	2
	4,13,8
	4
	5,6 
	0,1,3 
	- 
	7
	Y　　


	8
	　
	3,9,4 
	7
	4,8,13
	4
	0,1 
	5,6,8 
	- 
	2
	Y　　

	9
	4-1
	3,8,4,9 
	2
	9,4,8,13
	4
	5,6 
	0,1 
	7
	- 
	Y　　

	10
	　
	3,8,4,9 
	7
	4,9,13,8
	4
	0,1 
	5,6 
	2
	- 
	Y　　


Among the remaining possible Un subframe configurations(#5~10), No.#7~10 are not preferred since the Un UL ACK/NAK feedback latency may be as high as 13ms, which leads to a large two-hop end to end latency for downlink. It is suggested to further adopt configurations 5 and 6 since they have relatively low latency.
2.2 TDD Configuration 3

For TDD UL-DL configurations #3, only Un configuration No.#11 shown in Table 2 was agreed at the last meeting.
 Table 2 Possible Un subframe configuration for TDD UL-DL configurations #3
	No
	Un DL:UL ratio
	Configurations
	　
	Un HARQ timeline
	Uu DL A/N
	Place of Uu UL Grant/A/N
	Un UL Grant to PUSCH timing same with Rel-8?

	　
	　
	DL 
	UL
	case1
	case2
	Blocked
	Not blocked
	Un SF
	Uu SF
	

	1
	1-1
	8
	2
	4
	4
	1,5,6 
	0,7,9 
	- 
	3,4 
	Y　　

	2
	　
	9
	3
	4
	4
	7,8 
	0,1,5,6 
	- 
	2,4 
	Y　　

	3
	　
	8
	3
	5
	5
	7
	0,1,5,6,9 
	2
	4
	N

	4
	　
	7
	3
	6
	6
	8
	0,1,5,6,9 
	- 
	2,4 
	N

	5
	2-1
	9,8 
	3
	4,5
	4
	7
	0,1,5,6 
	2
	4
	Y　　

	6
	　
	8,7 
	2
	4,5
	4
	1,5,6 
	0,9 
	- 
	3,4 
	Y　　

	7
	　
	8,7 
	3
	5,6
	5
	- 
	0,1,5,6,9 
	2
	4
	N

	8
	　
	9,7 
	3
	4,6
	4
	8
	0,1,5,6 
	- 
	2,4 
	Y　　

	9
	2-2
	7,8 
	2,3 
	5,4
	4,6
	1,5,6 
	0,9 
	- 
	4
	N

	10
	　
	8,9 
	3,4 
	5,4
	4,6
	7,0 
	1,5,6 
	2
	- 
	N

	11
	3-1
	7,8,9 
	3
	6,5,4
	4
	- 
	0,1,5,6 
	2
	4
	Y　　

	12
	　
	7,8,9 
	2
	5,4,13
	4
	1,5,6 
	0
	3
	4
	Y　　

	13
	3-2
	7,8,9 
	2,3 
	5,4,4
	4,4
	1,5,6 
	0
	- 
	4
	Y　　

	14
	　
	7,8,9 
	3,4 
	6,5,4
	4,5
	0
	1,5,6 
	2
	- 
	N


Reusing the Rel-8 UL PUSCH grant timing for the Un link, we suggest to further agree on #2 for Un DL: UL ratio 1:1, since it minimizes the number of blocked Uu DL ACK/NAK, and has no Uu UL subframe linked its UL Grant to Un DL SF. Similarly, we suggest #8 for Un DL:UL ratio 2:1, and No.#13 for Un DL:UL ratio 3:2 if it needs to be supported.
2.3 TDD Configuration 4
For TDD UL-DL configurations #4, the Un configuration #2 shown in Table 3 was agreed at the last meeting.

Table 3 Possible Un subframe configuration for TDD UL-DL configurations #4
	No
	Un DL:UL ratio
	Configurations
	Un HARQ timeline
	Uu DL A/N
	Place of Uu UL Grant/A/N
	Un UL Grant to PUSCH timing same with Rel-8?

	
	
	DL 
	UL
	case1
	Case2
	Blocked
	Not blocked
	Un SF
	Uu SF
	

	1
	1-1
	8
	2
	4
	4
	0,1,4,5 
	6,7,9 
	- 
	3
	Y　　

	2
	　
	9
	3
	4
	4
	6,7,8 
	0,1,4,5 
	- 
	2
	Y　　

	3
	2-1
	8,7 
	2
	4,5
	4
	0,1,4,5 
	6,9 
	- 
	3
	Y　　

	4
	　
	8,9 
	3
	5,4
	4
	6,7 
	0,1,4,5 
	2
	- 
	Y　　

	5
	2-1
	8,4 
	2
	4,8
	4
	0,1,5 
	6,7,9 
	- 
	3
	Y　　

	6
	　
	9,7 
	3
	4,6
	4
	6,8 
	0,1,4,5 
	- 
	2
	Y　　

	7
	　
	4,7 
	3
	9,6
	6
	8,9
	0,1,5,6
	-
	2
	N

	8
	3-1
	8,7,9 
	3
	5,6,4
	4
	6
	0,1,4,5 
	2
	- 
	Y　　

	9
	　
	8,7,4 
	2
	4,5,8
	4
	0,1,5 
	6,9 
	- 
	3
	Y　　

	10
	　
	7,9,4 
	3
	6,4,9
	4
	6,8 
	0,1,5 
	- 
	2
	Y　　

	11
	4-1
	4,7,8,9 
	2
	8,5,4,13
	4
	0,1,5 
	6
	3
	- 
	Y　　

	12
	　
	4,7,8,9 
	3
	9,6,5,4
	4
	6
	0,1,5 
	2
	- 
	Y　　


For Un DL: UL ratio 2:1, we suggest adopting #6 and #8 for Un DL:UL ratio 3:1. In addition, if there is a need for supporting a 4:1 ratio, #12 is the best choice. 
3 Conclusion

Support for the additional Un configurations shown in yellow in following table should be considered.
Table Supported configurations for eNB-RN transmission (frame structure type 2)

	Backhaul subframe 

configuration
	Uplink-downlink 

configuration at RN cell 
	Un

DL:UL ratio
	Subframe number

	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	1
	1:1
	
	
	
	
	D
	
	
	
	U
	

	1
	
	
	
	
	
	U
	
	
	
	
	
	D

	2
	
	2:1
	
	
	
	
	D
	
	
	
	U
	D

	3
	
	
	
	
	
	U
	D
	
	
	
	
	D

	4
	
	2:2
	
	
	
	U
	D
	
	
	
	U
	D

	5
	2
	1:1
	
	
	U
	
	
	
	
	
	D
	

	6
	
	
	
	
	
	D
	
	
	
	U
	
	

	7
	
	2:1
	
	
	U
	
	D
	
	
	
	D
	

	8
	
	
	
	
	
	D
	
	
	
	U
	
	D

	9
	
	3:1
	
	
	U
	D
	D
	
	
	
	D
	

	10
	
	
	
	
	
	D
	
	
	
	U
	D
	D

	11
	3
	1:1
	
	
	
	U
	
	
	
	
	
	D

	12
	
	2:1
	
	
	
	U
	
	
	
	D
	
	D

	13
	
	3:1
	
	
	
	U
	
	
	
	D
	D
	D

	14
	
	3:2
	
	
	U
	U
	
	
	
	D
	D
	D

	15
	4
	1:1
	
	
	
	U
	
	
	
	
	
	D

	16
	
	2:1
	
	
	
	U
	
	
	
	D
	
	D

	17
	
	3:1
	
	
	
	U
	
	
	
	D
	D
	D

	18
	
	4:1
	
	
	
	U
	D
	
	
	D
	D
	D

	19
	6
	1:1
	
	
	
	
	U
	
	
	
	
	D
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� Un HARQ timeline: for case1, R-PDSCH to UL ACK/NAK; for case2, UL grant to Un PUSCH


� In case a UL SF is allocated to Un, the corresponding DL SF could not get ACK/NAK if it is assigned for Uu link;


� If a Uu UL SF is not linked its UL Grant to a Un DL SF, it may minimize the number of control symbols on this MBSFN subframe as much as possible. This is for the benefit of potentially more OFDM symbols for the downlink backhaul;





