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1 Introduction

At RAN1#59b, it was agreed on the Un HARQ transmission timing that “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 RAN1, it has been widely recognized that reusing rel-8 DL asynchronous HARQ scheme to Un DL HARQ for FDD system. However, the debate on reusing rel-8 synchronous or adopting an asynchronous scheme for UL Un HARQ, and fixed or variable Un HARQ timeline is ongoing. 

This contribution provides further analysis for the FDD Un HARQ timeline and scheme. We propose to reuse synchronous retransmission on the backhaul UL HARQ with RTTs of 8ms and 16ms, and to adopt an implicit Un HARQ timeline.
2 Un UL synchronous HARQ and implicit HARQ timeline 
Synchronous Un UL HARQ retransmission is already well defined for LTE Rel-8/9 due to its simplicity: 
· fixed timeline for retransmission scheduling
· no multiple ACK/NACK operation
· low overhead since there is no need to signal the HARQ process ID
This scheme is deemed flexible enough since it supports multiple parallel HARQ processes. Un UL HARQ retransmissions can be handled similarly by reusing the rel-8 scheme with the same advantages. This is exemplified in quite a few contributions [3, 4, 6, 8]. With synchronous HARQ, UL process signalling and UL grant modification is not needed, eNB scheduling is simple and multiple parallel HARQ processes are supported.  Also, even with RN operation, latency is low enough‎[12].  Note also that the Un link typically experiences good channel conditions, and the BLER operating point should typically be low, both because of good link quality and to reduce latency. Since HARQ retransmissions on backhaul are a relatively rare occurrence, it is better to have a simple HARQ design, thus to rely on synchronous operation.
Implicit HARQ timeline is also well defined for LTE Rel-8/9, due to its simplicity, low overhead, enough flexibility. Similarly than for Rel-8/9, implicit Un HARQ is an efficient mechanism. This is exemplified in several contributions [3~8]. With this solution, both Un UL subframe configuration signalling and variable timing signalling can be avoided. It also simplifies eNB scheduling and implementation, For example, in the implicit HARQ timeline shown in ‎[11], UL data transmissions happen in subframe #(k+4) if UL grant is assigned in subframe #k, and Un ACK/NACK feedback in subframe #k is transmitted in subframe #(k+4), if subframe #(k+4) is an UL Un subframe.
Asynchronous Un UL HARQ requires introducing new fields indicating the Un UL HARQ process number to DCI format 0. Furthermore, if Un HARQ timeline is variable, new fields are also necessary for DCI format to signal the Un HARQ timeline, which means more standard modifications and extra signalling overhead. Furthermore, the uplink latency of Un link for Un UL synchronous HARQ is reasonable, as shown in Figure 2.Thus, synchronous HARQ is more attractive than asynchronous HARQ.    
2.1 Un UL synchronous HARQ with 8&16ms RTTs
A Un subframe allocation scheme with 8&16ms subframe interval can provide flexible resource ratio of Un and Uu link, and minimum impact on Uu operation. It also reuses the rel-8 implicit HARQ timeline, as well as synchronous HARQ on Un UL to ensure equal management and scheduling of macro UE and RNs by eNB. 

Un UL HARQ process IDs can be allocated to Un subframes as follows: 
1) DL Un subframes are semi-statically configured based on the definition of basic subset ‎[7]. UL backhaul subframes are implicitly derived from configured DL backhaul subframes.: 
A basic subset 
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2) The number of Un UL HARQ process equals to the number of configured basic subsets to Un link. Thus similar to rel-8, there are at most 8 HARQ process Ids can be allocated to Un UL .
3) RN maps one basic subset to one Un UL HARQ process ID. 
4) The Un subframes using the same subset are given the same process ID:
An example shown in Figure 1 to clarify the above four steps: 1) basic subsets 1, 5, 7 are configured to Un link, thus 2) the number of Un UL HARQ process is 3. 3) RN maps basic subset 5 to Un UL HARQ process 1, basic subset 1 to Un UL HARQ process 2, basic subset 7 to Un UL HARQ process 3. 4) The Un UL HARQ process Ids in the subframes of basic subset 5 is #1. Specifically, the UL grants in DL subframes #13, 21, 37 (in blue) are identified for the Un UL HARQ process #1, and the Un UL transmissions in UL subframe # 1, 17, 25 (in blue) are associated to the Un HARQ process #1.
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Figure 1 Un HARQ timeline with 8&16ms RTT under four basic subsets configuration

Having two RTT values does not make the design more complicated. When UL Un transmission happens in subframe n, the RTT value is 8ms if   
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, k=4, else the RTT value is 16ms, in order to avoid MBSFN subframes. A previous analysis described in ‎[7] showed that having two RTT values was enough. Note also that it is possible to use a single RTT value such as 10ms. However, in this case, the maximum number of HARQ processes that can be supported is 6, thus the rel-8 design cannot be used as is. Since the retransmissions are a relatively rare occurrence, we do not think that it warrants a new design
When using 8&16ms RTT values, the latency is still reasonable. In fact, 16ms RTT does not happen for all retransmissions, but only when 8ms is not possible. Furthermore, since the probability of Un UL HARQ retransmission is low due to the good channel condition over Un link, the impact on the Un UL HARQ latency is not serious. An evaluation the Un HARQ latency as well as two-hop laterncy for 8&16ms RTT and 10ms RTT is shown in figure2. the details can be found in ‎[12]. Clearly, the average end-to-end latency for 10ms is about the same.
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Figure 2 The user plane latency for Un UL with 8&16ms and 10ms subframe allocation

 (Assume the retransmission probability(RxP) on Uu link is 0.1)
Based on the previous analysis, it is clear that reusing the rel-8 synchronous HARQ re-transmission mechanism with 8&16ms RTTs is a good design for the Un UL link.
3 Conclusion

Based on the above analysis, we suggest adopting following proposals on Un HARQ timeline:
· Reuse rel-8 asynchronous HARQ re-transmissions on Un DL 

· Reuse rel-8 synchronous HARQ re-transmissions on Un UL 

· RTT of 8ms is used when not colliding with an MBSFN subframe. 16ms is used otherwise.
· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process ID as the initial transmission

· UL HARQ process IDs depend on the DL subframe allocation

· UL HARQ process ID is not signalled on the R-PDCCH.
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