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1 Introduction

At RAN1#59b [1] as the baseline assumption for backhaul HARQ transmission timing, the following was agreed: “For both FDD and TDD backhaul link, release 8 minimum HARQ RTT timing is the baseline assumption for DL and UL minimum requirement from L1 processing perspective.”
In [2], a comprehensive comparison among different UL synchronous backhaul HARQ RTT schemes in FDD system was carried out. Based on the comparison, it was concluded that  having 8&16ms RTT values for the uplink was optimal since it had the maximum number of available backhaul subframes, was reusing most of rel-8 HARQ timeline, had little impact on the UE and enabled flexible subframe allocation sharing between the backhaul and the access link..
In this contribution, it is proposed to have synchronous HARQ on the backhaul UL with 8 ms and 16 ms as the supported RTTs.

2 Discussion

This section explains why synchronous Un UL HARQ retransmission, implicit HARQ timeline, and symmetric Un subframe allocation should be supported for the Un link.

2.1 Synchronous Un UL HARQ Retransmission
Synchronous Un UL HARQ retransmission is already well defined for LTE Rel-8/9 due to its simplicity (defined time for retransmission scheduling, no multiple ACK/NACK operation), low overhead(no need to signalling process number), enough flexibility (multiple parallel HARQ process, and non-adaptive/adaptive retransmission). Similarly, synchronous Un UL HARQ retransmission can be used with the same advantage. This is exemplified in quite a few contributions [3, 4, 6, 8]. In this way, UL process signalling and UL grant modification is avoided, eNB scheduling is simple and still with enough flexibility.  The relay system delay is also reasonable [9]. 
2.2 Implicit HARQ Timeline
Implicit HARQ timeline is already well defined for LTE Rel-8/9, due to its simplicity, low overhead, enough flexibility. Similar as Rel-8/9, implicit Un HARQ can be used efficiently. This is exemplified in quite lots of contributions [3~8]. In this way both Un UL subframe configuration signalling and variable timing signalling can be avoided. It is also simple for eNB scheduling and implementation, reduce the specification burden. 

2.3 Symmetric Un subframe allocation

Symmetric Un subframe allocation can already provide enough flexibility for relay system [3~8]. It can support flexible access link and backhaul link subframe allocation ratio, it can also support flexible resource sharing between Un link and direct link. Load balancing, carrier aggregation, frequency reusing etc. can also be used easily. 

Proposal:

· Synchronous Un UL HARQ retransmission is supported.

· Implicit Un HARQ is supported.

· Symmetric Un subframe allocation is supported.
3 Minimum RTT for backhaul is 8ms, UL backhaul RTT is 8ms and 16 ms 
For 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. 
For the backhaul link, it makes sense to use synchronous HARQ as well in order to reuse as much as possible rel-8 components. Furthermore, this simplifies the scheduling since the Un and Uu UL timelines are aligned. Corresponding to each selected process, there can potentially be backhaul subframes in every 8 ms. However, the access link DL subframes 0, 4, 5, 9 can not be configured as MBSFN subframes. Also, it is not possible to use in the corresponding UL subframes {4, 8, 9, 3} for ACK/NACK feedback. As will be shown later, if the only RTT value is 8 ms, there is resource wastage because of the MBSFN subframes. We will show that adding a RTT of 16 ms when 8 ms is not possible is an efficient mechanism to avoid collisions with MBSFN subframes. Furthermore, with 8 ms and 16 ms, the MBSFN subframes can be allocated with a periodicity of 40 ms: this simplifies the design since the L2 messaging can assign MBSFN subframes with such a periodicity. Thus, the MBSFN subframe configuration needs to be sent out once, and with RTT values of 8 and 16 ms, will not need to be sent again, thus saving overhead and simplifying the design.
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 figure 1, one basic subset (subset 4, blue block in the figure) is configured as backhaul and shown for illustration purpose. In this figure, subframes within four frames can be enumerated from 0 to 39, since with 8/16 ms RTT, the MBSFN subframes are allocated with a periodicity of 40 ms. In figure 1, 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 subframes 4, 20, and UL subframes 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&16 ms and the retransmission can be synchronous like Rel-8. R-PUSCH to R-PHICH timeline is 4&12 ms. R-PHICH/UL Grant to R-PUSCH timeline is 4 ms. R-PDSCH to UL ACK/NACK timeline is 4 ms. For the downlink however, to keep maximum commonality with the Rel-8 design, the retransmissions can be asynchronous..

[image: image3.emf]RN UL 

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

RN DL

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

Frame 4n+1

Frame 4n

Frame 4n+2 Frame 4n+3


Figure 1 One basic subset for backhaul in subframes with 8&16ms periodicity
In figure 2, 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. It should be noted that such combinations can well support the access link short period SPS transmissions. 
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Figure 2 Four basic subsets for backhaul in subframes with 8&16ms periodicity
In table 2, characteristic of 8&16ms RTT scheme are summarized. The 8&16ms UL backhaul RTT method enables a large number of subframes to be configured as backhaul, is simple, because it reuses most of rel-8 HARQ timeline values, has no UE impact and supports flexible subframe sharing between backhaul and access link. Furthermore, the MBSFN subframe assignment can be done with a periodicity of 40 ms, therefore limiting the higher layer signalling overhead. 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(If 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

	Backhaul and direct link resource sharing in the backhaul subframe
	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


4 Conclusion

In this contribution, the following is proposed:
· Synchronous HARQ is supported for the Un uplink

· Up to 8 HARQ processes are supported

· The minimum RTT value is 8 ms

· In order to avoid collisions with MBSFN subframes, a RTT of 16 ms is used when a collision with an MBSFN subframe or another HARQ process would occur.
· Implicit Un HARQ timeline for FDD system is supported
· R-PDSCH to UL ACK/NACK timeline is 4ms

· DL ACK/NACK(R-PHICH)/UL Grant to R-PUSCH timeline is 4ms

· R-PUSCH to DL ACK/NACK (R-PHICH) timeline is 4&12ms
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