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1 Introduction

At the RAN1#56bis meeting, access-backhaul partitioning for relays was agreed [1]. It specifies that there is TDM between the backhaul (eNB to RN) link and the RN to UE link both in DL and UL. For FDD system, eNB to RN transmissions are done in the DL frequency band and RN to eNB transmissions are done in the UL frequency band.
In [2] [3] different numbers of backhaul link subframes (MBSFN subframe from UE_RN aspect) result in different system performance for a given number of relays. It is indicated that different number of backhaul subframes can help to meet different backhaul throughput requirement. 

In [4] [5] [6], both subframes with 8ms &/16ms periodicity and 10ms periodicity are discussed as backhaul. In this contribution, based on the agreed content we further investigate which subframes can be used as backhaul to support the flexible backhaul configuration. Section 2 explains the reasoning for flexible backhaul configuration. Section3 gives how to use 8&16ms periodicity and 10ms periodicity for flexible backhaul subframe configuration with backward compatibility with legacy UE.
2 Requirement of backhaul throughput 
One important thing influencing cell performance with relay is the backhaul throughput. And there are quite a few factors influencing backhaul throughput requirement:

· Different application environment: indoor, urban, suburban etc.
· Various traffic load in relay cell/ eNB cell
· Different number of RNs in cells
· Various eNB to RN channel condition

· Various UE distributions among eNB or RNs cell
· Different QoS/fairness requirement from network or UE side

· …
In order to support potentially different backhaul throughput requirement and avoid backhaul throughput becoming the bottleneck, flexible backhaul subframe configuration is needed.
3 Flexible backhaul subframe configuration
In order to enable relay backward compatible with Rel-8 UE, the following factors should be carefully considered when choosing a backhaul subframe configuration [4].

1) PDSCH vs. UL ACK.NACK

2) PUSCH vs. PHICH

3) PHICH/UL Grant vs. PUSCH

4) Synchronous UL HARQ timeline

5) Common channel, BCH, SCH, paging, message position 

In FDD system, DL subframes #0, #4, #5, #9 can not be MBSFN subframes, so these four DL subframes are used as access link.
The DL subframes  #1, # 2, #3, #6, #7, #8 can potentially be configured as FDD backhaul subframes .

In the following, gives two methods using 8&16ms periodicity and 10ms periodicity for flexible backhaul subframe configuration with backward compatibility with legacy UE.  

3.1 Subframes with 8&16 ms periodicity for backhaul configuration
Rel-8 UEs have 8 ms UL synchronous HARQ timeline. In order to reduce UL HARQ process loss for Rel-8 UEs, there can potentially be backhaul subframes in every 8ms. However, the DL subframes 0, 4, 5, 9 can not be MBSFN subframe. So these DL subframes and the corresponding UL feedback subframes 4,8,9,3 are not used as backhaul subframes. Then there will be the 8 &16 ms subframe for backhaul link.
In table1, there are 8 basic subsets, each consisting of some UL and DL subframes in 8 ms interval within four radio frames. When a basic subset is configured for backhaul, it will not include DL subframes{0,4,5,9},and the corresponding UL subframes{4,8, 9,3}. 
For example, when subset0 is used as backhaul, UL subframe 0, 6, 2 and DL MBSFN subframe 2, 8, 6 respectively in 4n~4n+3 frame are used as backhaul. DL subframe 4 in frame 4n# and DL subframe 0 in frame (4n+2)# can not be backhaul subframe, the corresponding UL subframe 8 in frame 4n# and UL subframe 4 in frame (4n+2)# are also not used as backhaul. 
Table 1  Basic subset of 8&16ms periodicity
	Frame
	4n
	4n +1
	4n +2
	4n +3

	Subset0
	UL
	0,8
	6 
	4
	2

	
	DL
	4
	2
	0 , 8
	6

	Subset 1
	UL
	1, 9
	7
	5
	3

	
	DL
	5
	3
	1,9
	7

	Subset 2
	UL
	2
	0,8
	6 
	4

	
	DL
	6
	4
	2
	0, 8

	Subset 3
	UL
	3
	1, 9
	7
	5

	
	DL
	7
	5 
	3
	1,9

	Subset 4
	UL
	4
	2
	0,8
	6 

	
	DL
	0 , 8
	6
	4
	2

	Subset 5
	UL
	5
	3
	1, 9
	7

	
	DL
	1,9
	7
	5 
	3

	Subset 6
	UL
	6
	4
	2
	0,8

	
	DL
	2
	0 , 8
	6
	4

	Subset 7
	UL
	7
	5
	3
	1, 9

	
	DL
	3
	1,9
	7
	5


*When certain subset is used as backhaul, the gray subframe number is not used as backhaul
In figure1 one basic subset (subset 0) is configured as backhaul. In this figure and the following, can enumerate subframe number within four frames from 0 to 39 to help get the influenced HARQ process. In figure1 only one UE_RN process0 (0, 16, 32 mod 8=0) is lost and configured as backhaul. UE_RN can still use the other seven processes for RN to UE communication. The non-backhaul subframe in subset0, DL subframe0& 4 and corresponding UL subframe4&8 can be used to UE_RN with careful scheduling e.g. delay tolerance traffic.
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Figure 1 One basic subset for backhaul in subframes with 8&16ms periodicity 
In figure2 three combined basic subsets (subset0+subset2+subset4) are configured as backhaul. In the figure, processes 0, 2, 4 of UE_RN are lost. UE_RN can still use the other five processes.
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Figure 2 Three basic subsets for backhaul in subframes with 8&16ms periodicity
With combination of certain basic subsets, 8&16 ms subframes for backhaul subframe configuration can provide enough flexibility of the backhaul subframe configuration and at the same time meet the backward compatibility requirement with Rel-8 UE. 

3.2 Subframes with 10 ms periodicity for backhaul configuration
Another method is to configure backhaul subframes with 10ms periodicity. Each group of DL/UL subframes with 10ms periodicity within four frames are defined as one basic subset. Table2 exemplifies the 10 basic subsets. As DL subframe0, 4, 5, 9 can not be MBSFN subframe, subset3, 4, 8, 9 are not used as backhaul. Different basic subset combinations can yield different backhaul subframe number. This method has uniform backhaul link subframes interval.
Table 2 Basic subset of 10ms periodicity
	Frame
	n
	n+1
	n+2
	n+3

	Subset 0
	UL
	0
	0
	0
	0

	
	DL
	6
	6
	6
	6

	Subset 1
	UL
	1
	1
	1
	1

	
	DL
	7
	7
	7
	7

	Subset 2
	UL
	2
	2
	2
	2

	
	DL
	8
	8
	8
	8

	Subset 3
	UL
	3
	3
	3
	3

	
	DL
	9
	9
	9
	9

	Subset 4
	UL
	4
	4
	4
	4

	
	DL
	0
	0
	0
	0

	Subset 5
	UL
	5
	5
	5
	5

	
	DL
	1
	1
	1
	1

	Subset 6
	UL
	6
	6
	6
	6

	
	DL
	2
	2
	2
	2

	Subset 7
	UL
	7
	7
	7
	7

	
	DL
	3
	3
	3
	3

	Subset 8
	UL
	8
	8
	8
	8

	
	DL
	4
	4
	4
	4

	Subset 9
	UL
	9
	9
	9
	9

	
	DL
	5
	5
	5
	5


*When certain subset is used as backhaul, the gray subset number is not used as backhaul
In figure3, one basic subset (subset0) with 10ms periodicity is used as backhaul. The influenced processes for Rel-8 UE_RN are even process number 0, 2, 4, 6 (0, 10, 20, 30mod 8). The remaining odd process number can be well used for Rel-8/10 UE. The influenced process/subframe can be used to Rel-8 UE with careful scheduling or can be used to Rel-10 UE with minor HARQ timing adjusting without scheduling constraint.
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Figure 3 One basic subset for backhaul in subframes with 10ms periodicity
In figure4, three basic subsets (subset0+subset2+subset6) are used as backhaul. The influenced processes for Rel-8 UE_RN are even process 0, 2, 4, 6 (0,2,6,10,12,16,20,22,26,30,32,36 mod 8). The remaining odd process number can be used for Rel-8 UE.
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Figure 4 Three basic subsets for backhaul in subframes with 10ms periodicity
In figure5, four basic subsets combination (subset0+subset2+subset6+subset1) are used as backhaul. Every process for Rel-8 UE_RN is influenced. In such configuration the access link is preferred applicable to Rel-10 UEs with minor HARQ timeline adjusting. E.g. Rel-10 UE has 10ms retransmission period in such configuration.
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Figure 5  Four basic subsets for backhaul in subframes with 10ms periodicity
With some combination of above 6 basic subsets, 10ms backhaul subframe configuration has uniform backhaul subframes interval, some backhaul flexibility. And certain configuration’s access link can also be applicable to Rel-10 UE with HARQ timing adjusting without scheduling constraint.
4 Conclusion
We propose that flexible backhaul subframe configuration should be supported for backhaul link. The possible methods include subframes with 8&16ms periodicity and subframes with 10ms periodicity configuration. Both can meet backward compatibility with Rel-8 UEs. 
Further consideration is needed on:
· Maximum backhaul link subframe number per frame/four frames
· Backhaul HARQ timeline
· Rel-10 UE HARQ timing adjusting in certain subframes
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