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1 Introduction

At the previous meeting (RAN1#59) a working assumption for FDD backhaul HARQ transmission timing was suggested “8ms HARQ RTT is baseline assumption for DL and UL minimum requirement from L1 perspective if suitable subframes are available for transmission”.
In [1], a comprehensive comparison among different UL synchronous backhaul HARQ RTT schemes is carried out. Based on the comparison, it is concluded: The 8&16ms UL backhaul RTT method has the maximum available backhaul subframe number, relative simple and reusing most of rel-8 HARQ timeline values, least UE impact and flexible subframe allocation sharing between backhaul and access link. Therefore the minimum UL backhaul RTT is 8ms, and more specifically the 8&16ms UL backhaul RTT should be supported.
In this contribution, based on the agreed working assumption, a further proposal is given “UL Backhaul RTT with minimum 8ms should be supported, and the RTT is 8ms and 16ms”.

2 Minimum RTT for backhaul is 8ms, UL backhaul RTT is 8ms and 16 ms 
In LTE Rel-8 FDD system, the UL synchronous HARQ RTT is 8 ms, and there are 8 synchronous UL HARQ processes. In order to reduce the access link UL HARQ process loss for Rel-8 UEs, one or several process can be selected for the backhaul link, the other one can still be well used for the access link. Corresponding to each selected process, 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). And also there will be UL ACK/NACK feedback in the corresponding UL subframes {4, 8, 9, 3}. Therefore a natural result for the UL synchronous backhaul RTT is 8ms and 16 ms.

In table 1, there are 8 basic subsets corresponding to 8 HARQ processes. 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} (the grayish numeral in table 1). The basic subsets can be configured as backhaul separately or jointly, each consists of three UL/DL backhaul subframes with 8&16 ms RTT/interval in four radio frames (the black numeral in table 1). 
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Table 1 Basic subset of 8&16ms RTT for UL backhaul
	
	Frame  4n
	Frame  4n +1
	Frame  4n +2
	Frame  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
In figure1, one basic subset (subset 4, blue block in the figure) is configured as backhaul. In this figure and the following if not explicitly indicated, subframes within four frames can be enumerated from 0 to 39. In figure1, only one access link 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. And they can be used to UE_RN with careful scheduling e.g. delay tolerance traffic or semi persistent scheduling. As can be gotten from the figure, the UL backhaul RTT is 8&16ms and the retransmission can be synchronous like Rel-8. R-PUSCH to R-PHICH timeline is 4&12. R-PHICH/UL Grant to R-PUSCH timeline is 4. R-PDSCH to UL ACK/NACK timeline is 4. And the DL retransmission can be asynchronous like Rel-8.
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Figure 1 One basic subset for backhaul in subframes with 8&16ms periodicity
In figure2 four combined basic subsets (subset0 [orange] + subset2 [purple] + subset4 [blue] + subset6 [green]) are configured as backhaul. In the figure, four access link UL HARQ processes 0, 2, 4, 6 are configured as backhaul. UE_RN can still well use the other four processes. 
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Figure 2 Four basic subsets for backhaul in subframes with 8&16ms periodicity
In table2, characteristic of 8&16ms RTT scheme is summarized. The 8&16ms UL backhaul RTT method has large available backhaul subframe number, relative simple and reusing most of rel-8 HARQ timeline values, least UE impact and flexible subframe sharing between backhaul and access link. Therefore the backhaul minimum 8ms RTT should be supported, and the UL backhaul RTT is 8&16ms.

Table 2  Characteristic of 8&16ms RTT scheme
	Assignment granularity
	40ms

	UL backhaul retransmission
	8&16ms

	Backhaul HARQ timeline(ms)


	R-PUSCH VS. R-PHICH
	4,12

	
	UL grant /R-PHICH VS. R-PUSCH
	4

	
	R-PDSCH VS. UL ACK/NACK
	4

	Maximum available backhaul DL/UL subframes per 4 frames(At least one UE_RN UL HARQ process is not impacted)
	21

	UL backhaul synchronous retransmission
	Yes

	Backhaul and access link subframe allocation sharing
	flexible

	Access link UL ACK/NACK blocking
	No

	Backhaul subframes allocation restriction except the subframes not configurable for MBSFN
	No

	Backhaul processing time constraint
	Same with Rel-8


3 Conclusion

In this contribution, UL backhaul with minimum RTT of 8ms (RTT is 8&16ms) is discussed. The 8&16ms RTT scheme has the pros “large available backhaul subframes, relative simple and reusing most of rel-8 HARQ timeline values, least UE impact, and flexible subframe allocation sharing between backhaul and access link”. Therefore the UL backhaul RTT with minimum 8ms should be supported, and the RTT is 8ms and 16ms.

4 Text proposal for section 9.1.3 of TR 36.814
---Start text proposal---
9.1.3

Backhaul resource assignment

In case of downlink backhaul in downlink resources, the following is valid

-
At the RN, the access link downlink subframe boundary is aligned with the backhaul link downlink subframe boundary, except for possible adjustment to allow for RN transmit/receive switching 

-
The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned. The DL backhaul retransmission should be asynchronous. For FDD system, R-PDSCH to UL ACK/NACK timeline is 4ms.
-
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. The UL backhaul retransmission should be synchronous. For FDD system, the UL Backhaul RTT with minimum 8ms should be supported, and the RTT is 8 and 16ms. R-PUSCH to DL ACK/NACK (R-PHICH) timeline is 4&12ms. DL ACK/NACK(R-PHICH)/UL Grant to R-PUSCH timeline is 4ms.
-
A new physical control channel (here referred to as the “R-PDCCH”) is used to dynamically or “semi-persistently” assign resources, within the semi-statically assigned sub-frames, for the downlink backhaul data (corresponding to the “R-PDSCH” physical channel). The R-PDCCH may assign downlink resources in the same and/or in one or more later subframes.
-
The “R-PDCCH” is also used to dynamically or “semi-persistently” assign resources for the uplink backhaul data (the “R-PUSCH” physical channel). The R-PDCCH may assign uplink resources in one or more later subframes. 
-
Within the PRBs semi-statically assigned for R-PDCCH transmission, a subset of the resources is used for each R-PDCCH. The actual overall set of resources used for R-PDCCH transmission within the above mentioned semi-statically assigned PRBs may vary dynamically between subframes. These resources may correspond to the full set of OFDM symbols available for the backhaul link or be constrained to a subset of these OFDM symbols. The resources that are not used for R-PDCCH within the above mentioned semi-statically assigned PRBs may be used to carry R-PDSCH or PDSCH.
-
The detailed R-PDCCH transmitter processing (channel coding, interleaving, multiplexing, etc.) should reuse Rel-8 functionality to the extent possible, but allow removing some unnecessary procedure or bandwidth-wasting procedure by considering the relay property.
-
If the “search space” approach of R8 is used for the backhaul link, use of common search space, which can be semi-statically configured (and potentially includes entire system bandwidth),  is the baseline. If RN-specific search space is configured, it could be implicitly or explicitly known by RN.
-
The R-PDCCH is transmitted starting from an OFDM symbol within the subframe that is late enough so that the relay can receive it.
-
“R-PDSCH” and “R-PDCCH” can be transmitted within the same PRBs or within separated PRBs.
---End text proposal---
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