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1. Introduction & Background
In the previous RAN1 meetings, there have been some agreements on backhaul subframe allocation and Un HARQ timing for TDD type-I relay:
In [1], it has been 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

· Implicit configuration on the set of Un UL subframes is FFS

In [2], 

· Supporting TDD UL-DL configurations #1, #2, #3, #4, #6 in LTE Rel-10 is the baseline

· Supporting TDD UL-DL configurations #0 and #5 in LTE later release is FFS.

· Further studies shall take the specification impact into account. 
And in [3],

· Uplink-heavy asymmetric UL-DL subframe configurations are not supported in the Un in Rel-10
Besides the above agreements, the asynchronous HARQ for DL Un transmission, synchronous HARQ for UL Un transmission and 10ms UL Un HARQ RTT for all supported TDD UL-DL configurations have been the next work assumptions [3]. Several contributions [4][5][6][7][8][9] about the topic have been proposed in last meeting. Except the above agreements, the other main considerations in the contributions are:
· Different criteria for Un UL subframe allocations
· Un UL subframe allocations for all supported TDD UL-DL configurations
· Comparison between explicit and implicit configurations on Un UL subframes
· Different configuration ways for explicit Un subframe allocations
· Solution for Uu UL ACK/NACK blocking
In this paper, the opinions on the above issues will be proposed.
2. Backhaul subframe allocations
We propose to limit TDD backhaul subframe allocations according to the following three principles:
· Subframe #0, 1, 5 and 6 is reserved for Uu link, thus can not be allocated for Un link.
· Un UL grant and Un UL transmission should reuse R8 Uu UL HARQ timing for in order to reduce eNB scheduler complexity
· Un subframe allocation should minimize impact to Uu HARQ timing, e.g., ACK/NACK loss.
Rel.8 TDD defines 7 types of UL-DL configuration as in table 1.

	Uplink-downlink 

configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Rel.8 UL grant timing and rel.8 UL ACK/NACK timing of all supported UL-DL configurations are shown in Fig.1 to Fig.5 in appendix.
· UL-DL configuration 1 and 6

For UL-DL configuration 1 and 6, the three principles could be satisfied by properly selecting DL-UL backhaul subframe pair.
· UL-DL configuration 2, 3 and 4

For TDD configuration 2 and 4, only 2 UL subframes are in each 10ms. Each UL subframe carries  ACK/NACK feedback of non-MBSFN subframes for either SF#0,1,5,6. Therefore, allocating either one of these UL subframes for Un transmission leads to Uu link ACK/NACK missing . Properly paring DL-UL subframes can reduce the impact on Uu link which is preferred. For TDD configuration 2, both UL subframe 2 and 7 are relative with two non-MBSFN subframes. For TDD configure 4, UL subframe 3 takes only one non-MBSFN subframe ACK/NACK, and therefore the UL subframe 3 is preferred to be Un UL subframe.
For TDD configuration 3, as UL subframe #2 feedbacks three non-MBSFN subframes ACK/NACK and UL subframe #4 is scheduled by subframe #0, the subframe #3 is preferred to be Uu UL subframe. According to the second principle, the DL subframe #9 is preferred to be Un DL subframe. For the Un subframe pair {#9, #3}, the Uu subframe #7 and #8 can not get UL ACK/NACK, which is similar to the issue for TDD configuration 2 and 4.
· UL-DL configuration 0 and 5

Configuration 0 and 5 are not supported for relay deployment in Rel.10 scope.

Based on above discussions, the first and second principle can be ensured for all UL-DL configurations. The third principle to avoid Uu UL ACK/NACK blocking can not be satisfied except UL-DL configuration 1 and 6. For UL-DL configuration 2, 3 and 4, as any UL subframe bundles the feedbacks of non-MBSFN subframes, the Uu UL ACK/NACK loss is inevitable. Reusing R8 Uu UL HARQ timing is prioritized principle than ACK/NACK loss in order to reduce eNB scheduler complexity.

For UL-DL configuration 2, regardless UL subframe #2 or #7 is configured as UL backhaul subframe, the Uu UL feedbacks of two non-MBSFN subframes is loss which will impact on the system throughput. In [7], an ACK/NACK repetition solution is proposed to solve the issue. 
Proposal 1: The rel.8 UL grant timing is preferred to be ensured in the Un interface, and RAN1 should further consider possible solutions of Uu UL ACK/NACK loss.
3. Explicit and implicit configurations
Both explicit and implicit configurations are possible solutions to the backhaul subframe allocations. However, from operators’ point of view, the implicit configuration is not preferred because it may increase the risk of intra and inter cell interference. For example, the subframe pairs, {4, 8} and {9,3}, are possible backhaul subframe allocations for TDD configuration 1. If the asymmetric allocation, DL:UL=2:1, is required for Un interface, which UL subframe should be selected for Un link? Both UL subframe #3 and #8 are possible. For implicit configuration, different vendor’s RNs may select different configurations, which will increase the interference between RNs as shown in Fig.6.
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Fig 6: Interference between RNs because of different Un UL subframe allocations
Proposal 2: Implicit Un subframe configuration is not supported. 
For explicit configuration, there are two possible configuration ways in [9]. One is the bitmap configuration with some rules, and the other is the predefined Un subframe patterns. Regardless of which method, the flexibility must be ensured. For example, for UL-DL configuration 1, there are multiple subframe sets for different backhaul DL and UL subframe ratio. All of these possible configurations should be allowed.
Proposal 3: the explicit Un subframe allocation for TDD is as follows

Table 1-1: Un subframe allocations for TDD configuration 1

	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL SF

	
	DL
	UL
	

	1:1
	4
	8
	-

	
	9
	3
	

	2:1
	4,9
	8
	

	
	4,9
	3
	

	2:2
	4,9
	8,3
	


Table 1-2: Un subframe allocations for TDD configuration 2
	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL SF

	
	DL
	UL
	

	1:1
	8
	2
	4,5,6

	
	3
	7
	9,0,1

	2:1
	8,4
	2
	5,6

	
	3,9
	7
	0,1

	3:1
	8,9,4
	2
	5,6

	
	3,9,4
	7
	0,1

	4:1
	3,8,4,9
	2
	5,6

	
	3,8,4,9
	7
	0,1


Table 1-3: Un subframe allocations for TDD configuration 3
	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL SF

	
	DL
	UL
	

	1:1
	8
	2
	1,5,6

	
	9
	3
	7,8

	2:1
	8,7
	2
	1,5,6

	
	9,7
	3
	8

	2:2
	7,8
	2,3
	1,5,6

	3:1
	7,8,9
	3
	-

	
	7,8,9
	2
	1,5,6

	3:2
	7,8,9
	2,3
	1,5,6


Table 1-3: Un subframe allocations for TDD configuration 4

	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL SF

	
	DL
	UL
	

	1:1
	8
	2
	0,1,4,5

	
	9
	3
	6,7,8

	2:1
	8,4
	2
	0,1,5

	
	9,7
	3
	6,8

	3:1
	7,9,4
	3
	6,8

	
	8,7,4
	2
	0,1,5


Table 1-4: Un subframe allocations for TDD configuration 6
	Un DL:UL ratio
	Possible configurations
	Impacted Uu DL SF

	
	DL
	UL
	

	1:1
	9
	4
	-


4. Conclusions
The contribution discusses Un HARQ timing for TDD and Un subframe allocation. The proposals are as follows,
Proposal 1: The rel.8 UL grant timing is preferred to be ensured in the Un interface, and RAN1 should further consider possible solutions of Uu UL ACK/NACK loss.

Proposal 2: Implicit Un subframe configuration is not supported. 
Proposal 3: Explicit Un subframe allocation for TDD is described in Table 1-1~4
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Appendix:Rel8 HARQ Timing for TDD
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Fig. 1: rel.8 UL grant timing and UL ACK/NACK timing of TDD configuration 1
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Fig. 2: rel.8 UL grant timing and UL ACK/NACK timing of TDD configuration 2
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Fig. 3: rel.8 UL grant timing and UL ACK/NACK timing of TDD configuration 3
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Fig. 4: rel.8 UL grant timing and UL ACK/NACK timing of TDD configuration 4
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Fig. 5: rel.8 UL grant timing and UL ACK/NACK timing of TDD configuration 6
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