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1 Introduction

In RAN1#59bis, 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

Synchronous UL HARQ for Un was agreed in the WF [1] for FDD Type-I relays during RAN1#61bis. The WF is as given below: 
· UL HARQ re-transmissions are synchronous wrt the HARQ process

· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process as the initial transmission

· The identification of UL HARQ processes is FFS
· UL HARQ process ID is not indicated by (R-)PDCCH

From the agreed WF, it was agreed that the UL HARQ process ID would not be signalled by the DL R-PDCCH. However, due to the various differing proposals on subframe allocations in the UL and yet to be agreed RTTs for the UL HARQ, the UL HARQ processes identification has been left undecided for further studies. In this contribution, we share our views on this and make a proposal for the UL HARQ RTT for FDD.

2 Discussion
Release 8 FDD HARQ for UL is based on the “+4” principle between UL transmission and its corresponding DL ACK/NACK as well as between DL NACK feedback and UL retransmission, leading to fixed 8ms UL HARQ RTT. With a fixed 8ms UL HARQ RTT, UL HARQ processes are identified implicitly without the need for explicit signalling of the UL HARQ Process ID. 
However, as has been discussed and shown in many contributions [2]-[7], a fixed single 8ms UL HARQ RTT would result in inefficiencies and increase latency due to the fact that the DL MBSFN subframes are limited to only subframes #1, #2, #3, #6, #7 and #8. Therefore, the identification of UL HARQ processes can be implemented either:

· Implicitly by defining fixed HARQ RTT (e.g., 8ms&16ms, 10ms), or

· Explicitly with variable HARQ RTT 
Even though Release 8 fixed 8ms RTT cannot always be available for the Un UL due to the DL subframes constraint, reusing fixed RTT as in Release 8 (wherever applicable) does provide for an efficient way to identify the UL Un HARQ processes. With fixed HARQ RTT, the UL HARQ process can be identified implicitly without introducing any additional computation complexity. Moreover, predictable latency can be obtained by means of a fixed RTT if a 40ms RRC configuration periodicity is used to support fixed 8ms&16ms RTT. This is illustrated below:
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Figure 1: An example of fixed 8ms&16ms RTT

Compared to fixed RTT, variable RTT is supposed to provide better flexibility. There are two main alternative schemes for Un UL HARQ process identification with variable RTT:

Alt 1: The minimum number of HARQ process is determined through an 8ms RTT window, then Un UL processes are mapped one-by-one [3]
Alt 2: The number of Un UL HARQ processes is increased from its initial value until each process mapped can achieve minimum 8ms RTT. The final value is the final number of Un UL HARQ processes and the corresponding process map is the final process map [7]. 
However, variable RTT where the UL HARQ RTTs can potentially take any value ranging from 8ms to 40ms is not desirable. Variable RTT would also result in greater impact on the UL HARQ operation in the Uu link. Because the UL HARQ RTT for Un link is not fixed as 8ms, the Uu UL HARQ RTT will also not be always 8ms either, possibly leading the loss of Uu UL retransmission. Although a “fake ACK” method can potentially retrieve the UL retransmission, the resulting increased latency could be very large. Figure 2 gives an example of variable Un UL HARQ RTT and illustrates the impact on Uu UL HARQ RTT. 
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Figure 2: An example of variable RTT
During a 40ms Un subframe configuration period, five Uu UL HARQ processes have to sustain 16ms or more RTT. If more subframes are allocated to the Un link, even more Uu UL HARQ processes have a long RTT. Therefore, we propose that fixed UL Un HARQ RTT is adopted for FDD based on the following reasons:

· Fixed UL Un HARQ RTT is simple to implement.
· No UL HARQ Process ID is required in the UL grant

· Lower latency may be observed in Uu link by fixed RTT compared to variable RTT. HARQ timeline compatibility for the Release 8 UEs connected to the RN in the Uu link can be kept as much as possible by 8ms&16ms RTT.

· Predictable latency can be observed by fixed Un UL HARQ RTT.
With fixed UL HARQ RTT, two different proposals have been proposed thus far. Their pros and cons have been discussed and can be summarized as below:
· 8ms&16ms RTT

· Reusing Release 8 RTT has less impact on HARQ timeline for Uu link.
· The latency is variable but limited to 8ms or 16ms depending on the HARQ process. When MBSFN subframe is not available at 8ms RTT, 16ms RTT would be used. 

· The non-MBSFN subframes which collide with 8ms RTT may be wasted unless some specific measures are taken, e.g., fake ACK for these non-MBSFN subframes in the Uu link.
· 10ms RTT
· Compared to 8ms&16ms RTT, 10ms RTT can avoid collision between backhaul and non-MBSFN subframe, hence attaining a fixed latency.
· 10ms HARQ RTT will impact the Uu link HARQ timing since Release 8 UEs operate under the “+4” principle for the Uu link with fixed 8ms RTT
Although 10ms RTT can yield fixed latency and possibly smaller delay than 8ms&16ms RTT, the collision caused by 10ms RTT with Uu link transmission may lead to unacceptable consequences as have been studied in various contributions [2]-[4]. On the other hand, the delay for 8ms&16ms RTT may result in increased latency. However, the subframe wastage caused by  unavailability of Un DL subframes with 8ms&16ms RTT may not degrade the whole network performance, because these non-reserved subframes can be allocated to Uu link, and “fake ACK” in the Uu DL can be used to complete the corresponding HARQ process in the Uu UL.  
Figure 3 shows an example in which a non-reserved Uu UL subframe is allocated to the Uu link. A non-reserved UL subframe is caused by a Un DL subframe that could not be used due to non-MBSFN subframe. Hence, 8ms RTT can not be feasible for this non-reserved Uu UL subframe. In this case, the “fake ACK” measure, which sends a positive “ACK” by PHICH even though the previous UL Uu transmission fails, can be deployed. Since the buffer is not flushed when receiving PHICH positive “ACK”, the actual ACK/NACK feedback is indicated by the NDI included in PDCCH. Although “fake ACK” may lead to increased UL HARQ RTT for Uu link, the number of Uu UL HARQ processes sustaining increased latency is much lower compared to variable RTT. Even if these non-reserved subframes are set to be almost blank (i.e., only reference signals are transmitted), these subframes may provide a better transmission environment for MUEs which are directly connected to the eNB. 
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Figure 3: Uu UL HARQ process with 8ms&16ms Un UL HARQ RTT
3 Conclusions
Based on the above discussions on the different considerations for the RTT, we propose the following: 
· Fixed 8ms and 16ms RTT for the UL Un HARQ is adopted
· No identification of UL HARQ processes is needed for the FDD Un backhaul link
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