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1 Introduction

In [1], DL&UL backhaul subframe is configured as: “The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned. The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship”.
In [2] [3], backhaul subframes assignment periodicity with 40ms (8ms&16ms UL&DL subframe period, 8ms UL subframe period) and 10ms (10ms subframe period) are discussed to meet the flexible backhaul throughput requirement for FDD type1 relay. In this contribution, both 40ms and 10ms subframes assignment periodicity are further analysed with pros and cons in section2. 
2 Discussion
Rel-8 UEs have 8 ms UL synchronous HARQ timeline. In order to reduce UL HARQ process loss for access link Rel-8 UEs, there can potentially be backhaul subframes in every 8ms. However, the access link DL subframes 0, 4, 5, 9 can not be MBSFN subframe (Here and after, access link means relay-UE link, direct link means eNB-UE link). Different processing schemes can apply to these access link DL subframes and their corresponding UL ACK/NACK feedback subframe {4, 8, 9, 3}: 
· Scheme1 in section2.1.1: This scheme has 8&16ms UL backhaul retransmission period in 40ms backhaul subframe assignment period. The access link PDSCH can be scheduled in the DL subframe0, 4, 5, 9 with UL ACK/NACK feedback in the corresponding UL subframes; 
· Scheme2 in section2.1.2: This scheme corresponds to 8ms UL backhaul retransmission period in 40ms backhaul subframe assignment period. The access link PDSCH with UL ACK/NACK feedback in the corresponding UL subframes are not scheduled in the DL access link subframes 0, 4, 5, 9; 
· Scheme3 in section2.2: This scheme corresponds to 10ms UL backhaul retransmission period in 10ms backhaul subframe assignment period. The access link PDSCH can be scheduled in the DL subframe0, 4, 5, 9 with UL ACK/NACK feedback in the corresponding UL subframes.  

2.1 Backhaul subframe assignment periodicity with 40ms

2.1.1 Scheme1: Subframes with 8&16 ms periodicity for backhaul configuration 

In this scheme, as DL subframes 0, 4, 5, 9 are not used for MBSFN, these DL subframes and the corresponding UL feedback subframes 4,8,9,3 are not used as backhaul subframes. 
In the Appendix Table 2, there are 8 basic subsets which can be configured as backhaul separately or jointly, each consists of three UL/DL subframes wtih 8&16 ms interval in four radio frames. 

A basic subset S in scheme 1 
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, i, j enumerate from0~39. 
When a basic subset is configured as backhaul, it will not include DL subframes {0, 4, 5, 9} and the corresponding UL subframes{4,8, 9,3}.

In figure1, one basic subset (subset 4, black block in the figure) is configured as backhaul. In this figure and the following, subframes within four frames can be enumerated from 0 to 39. In figure1, only one UL process 0 (0, 16, 32 mod 8=0) is configured as backhaul. UE_RN can still use the other seven UL processes for UE to RN communication. As shown in the figure1, DL subframe 4, 20, and UL subframe 8, 24 are used for access link rather than backhaul. These subframes can be used to UE_RN with careful scheduling e.g. delay tolerance traffic or SPS scheduling.
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Figure 1 One basic subset for backhaul in subframes with 8&16ms periodicity
In figure2 four combined basic subsets (subset0+subset2+subset4+subset6) are configured as backhaul. In the figure, UL HARQ processes 0, 2, 4, 6 of UE_RN are lost. UE_RN can still use the other four processes.
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Figure 2 Three basic subsets for backhaul in subframes with 8&16ms periodicity
Pros

· Support UL backhaul synchronous HARQ

· 3~21 available UL/DL subframes for backhaul link within 4 frames

· Support 1~7 uninfluenced Rel-8 UL HARQ process for access link or 1~7 Rel-8 access link UL HARQ process can be used for UL backhaul within 4 frames
· Support UL ACK/NACK feedback of DL subframes 0,4,5,9

Cons

· Not support access link Rel-8 UL retransmission in some of the UL subframes corresponding to DL subframe 0,4,5,9. 

· Two values for backhaul retransmission period (8&16), R-PUSCH VS.R-PHICH (4&12)
2.1.2 Scheme2: Backhaul configuration with UL 8 ms periodicity subframes  
In this scheme, though no scheduling PDSCH with UL ACK/NACK feedback in the DL subframe0, 4, 5, 9, the corresponding UL ACK/NACK feedback subframes can be used as backhaul: There are 8 basic subsets in the Appendix Table 3, 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}. For some UL subframe can not get ACK/NACK feedback according to the R-PUSCH VS. R-PHICH HARQ timeline: m and m+4 relationship, m and m+3 or m and m+5 relationships are used.
For example in figure 3, when subset0 is used as backhaul, UL subframe 0, 8, 6, 4, 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. However, the R-PUSCH transmission in the UL subframe0&6 in frame 4n & 4n+1 can not get ACK/NACK feedback from DL subframe 4&0 in frame 4n&4n+2, So a “choosing nearest DL subframe as backhaul method” was used in figure4 [3].  
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Figure 3 One basic subset for backhaul in subframes with UL 8ms, DL 8&16ms interval
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Figure 4 One basic subset for backhaul in subframes with UL 8ms, choosing nearest DL subframe as backhaul 
In figure5, four even basic subsets are used for backhaul subframe. The red blocks correspond to DL subframes with the modified backhaul HARQ timeline, m and m+3 or m and m+5. In this case, relative long PUCCH (CQI/PMI, RI) period e.g. at least 10ms for access link can be used.
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Figure 5 Four basic subsets for backhaul in subframes with UL 8ms, choosing nearest DL subframe as backhaul 
Pros
· Support UL backhaul synchronous HARQ

· Keep 8ms retransmission period for UL backhaul
Cons

· Resource wasting in access link DL subframe 0, 4, 5, 9
· Complex backhaul HARQ timeline: multiple (three) values of R-PUSCH VS. R-PHICH timeline, UL grant VS. R-PUSCH timeline, R-PDSCH VS. UL ACK/NACK timeline
· 1~4 Rel-8 UL HARQ process for backhaul link/5~20 available UL/DL subframes for backhaul link within 4 frames
· The challenge of 2ms processing delay (m to m+3) 
· Relative long PUCCH period for access link in some subsets combination e.g. at least 10ms
2.2 Scheme3: Subframes with 10 ms periodicity for backhaul configuration 
Another method is to configure backhaul subframes with 10ms periodicity. In the Appendix Table 4, there are six basic subsets which can be configured as backhaul separately or jointly, each consists of one UL/DL subframes in one radio frame. 

A basic subset S of scheme 3, 
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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 within a subset.

In figure6, one basic subset (subset6) 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 6 One basic subset for backhaul in subframes with 10ms periodicity
In figure4, three basic subsets (subset 2 + subset 6 + subset 8) 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 7 Three basic subsets for backhaul in subframes with 10ms periodicity
Pros
· Support UL backhaul synchronous HARQ

· Support UL ACK/NACK feedback of DL subframes 0,4,5,9

· Simple backhaul HARQ timeline, one value for each HARQ timeline 
Cons

· Not support access link Rel-8 UL retransmission in some of the UL subframes corresponding to DL subframe 0,4,5,9. 

· 1~3 available UL/DL subframes within one frame or 4~12 UL/DL subframes within four frames for backhaul link

· Support up to 4 uninfluenced Rel-8 UL HARQ process for access link

3 Comparison of above scheme1, 2, 3
In table 1, scheme1, 2, 3 are compared.
Table 1 Comparison of Scheme1, 2 and 3
	Item\assignment granularity
	40ms 
	10ms

	
	Scheme1: 8&16ms  method
	Scheme2: 8ms method
	Scheme3: 10ms method

	UL Backhaul retransmission
	8&16ms
	8ms
	10ms

	Backhaul HARQ timeline(ms)


	R-PUSCH VS. R-PHICH
	4,12 
	3,4,5 
	6

	
	UL grant /R-PHICH VS. R-PUSCH
	4
	3,4,5
	4

	
	R-PDSCH VS. UL ACK/NACK
	4
	3,4,5
	4

	UL Backhaul Synchronous HARQ
	Yes
	Yes
	Yes

	Maximum available backhaul DL/UL subframe per 4 frames
	21
	20
	12 

	DL and UL subframe assignment
	symmetric
	symmetric
	symmetric

	Backhaul processing time constraint
	Same with Rel-8
	Challenged value 2ms
	Same with Rel-8

	Backward compatibility


	Support up to 7 uninfluenced Rel-8 UL HARQ process for access link
	Support up to 7 uninfluenced Rel-8 UL HARQ process for access link
	Support up to 4 uninfluenced Rel-8 UL HARQ process for access link

	Forward compatibility improvement
	With modified Rel-10 UE HARQ
	With modified Rel-10 UE HARQ
	With modified Rel-10 UE HARQ

	Access link CQI/PMI, RI periodicity gradularity 
	Can support up to 5ms, 10ms in the subsets combination
	At least 10ms in some subsets combination
	Can support up to 5ms, 10ms in the subsets combination


4 Conclusion

Both 40ms (8&16ms, 8ms) and 10ms backhaul subframe assignment period methods are analysed with pros and cons. And 8ms period UL backhaul subframe method is not attractive. 
We propose:
· FFS whether backhaul subframe assignment in period of  40ms (four radio frames) or 10ms (one radio frame)
· UL backhaul HARQ should be synchronous. 
· FFS whether 8&16ms or 10ms UL backhaul retransmission period 

· UL backhaul HARQ timeline: R-PHICH VS. R-PUSCH reuse Rel-8 (4ms)
· DL backhaul data related HARQ timeline reuses Rel-8(asynchronous, R-PDSCH VS. UL ACK/NACK (4ms)
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Appendix:
Table 2 Basic subset of 8&16ms periodicity (scheme 1)
	Frame
	4n
	4n +1
	4n +2
	4n +3

	Subset 0
	UL
	4
	2
	0,8
	6 

	
	DL
	0 , 8
	6
	4
	2

	Subset 1
	UL
	5
	3
	1, 9
	7

	
	DL
	1,9
	7
	5 
	3

	Subset 2
	UL
	6
	4
	2
	0,8

	
	DL
	2
	0 , 8
	6
	4

	Subset 3
	UL
	7
	5
	3
	1, 9

	
	DL
	3
	1,9
	7
	5

	Subset4
	UL
	0,8
	6 
	4
	2

	
	DL
	4
	2
	0 , 8
	6

	Subset 5
	UL
	1, 9
	7
	5
	3

	
	DL
	5
	3
	1,9
	7

	Subset 6
	UL
	2
	0,8
	6 
	4

	
	DL
	6
	4
	2
	0, 8

	Subset 7
	UL
	3
	1, 9
	7
	5

	
	DL
	7
	5 
	3
	1,9


*When certain subset is used as backhaul, the grayish subframe number is not used as backhaul

Table 3 Basic subset of 8 ms periodicity UL subframe for backhaul (scheme 2)
	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 grayish subframe number is not used as backhaul
Table 4 Basic subset of 10ms periodicity (scheme 3)
	Frame
	n
	n+1
	n+2
	n+3

	Subset 0
	UL
	4
	4
	4
	4

	
	DL
	0
	0
	0
	0

	Subset 1
	UL
	5
	5
	5
	5

	
	DL
	1
	1
	1
	1

	Subset 2
	UL
	6
	6
	6
	6

	
	DL
	2
	2
	2
	2

	Subset 3
	UL
	7
	7
	7
	7

	
	DL
	3
	3
	3
	3

	Subset 4
	UL
	8
	8
	8
	8

	
	DL
	4
	4
	4
	4

	Subset 5
	UL
	9
	9
	9
	9

	
	DL
	5
	5
	5
	5

	Subset 6
	UL
	0
	0
	0
	0

	
	DL
	6
	6
	6
	6

	Subset 7
	UL
	1
	1
	1
	1

	
	DL
	7
	7
	7
	7

	Subset 8
	UL
	2
	2
	2
	2

	
	DL
	8
	8
	8
	8

	Subset 9
	UL
	3
	3
	3
	3

	
	DL
	9
	9
	9
	9


*When certain subset is used as backhaul, the grayish subset number is not used as backhaul
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