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1. Introduction
Many contributions have discussed the backhaul HARQ operation in RAN2 [3]-[9]. However, no agreement has been reached so far. It is still necessary to decide the HARQ timing and RTT on the backhaul link, which is related to backhaul subframes assignment. In this contribution, we will show our views on this topic for FDD.

2. Discussion
Subframes (#0, #4, #5, #9) for FDD cannot be configured as MBSFN subframes, i.e. these subframes cannot be assigned as DL backhaul subframes. Hereafter, these subframes are referred to as non-MBSFN configurable subframes. Further, it is assumed in this contribution that UL HARQ operation on the backhaul ink is synchronous, aligned with Rel-8 specification. 
2.1. Backhaul downlink HARQ timing
For backhaul downlink HARQ, if R-PDSCH is transmitted in downlink backhaul subframe #n, it is necessary to allocate subframe #n+4 as an uplink backhaul subframe to avoid the impact on access HARQ process. Otherwise, assuming subframe #n+k (k>4) as an uplink backhaul subframe, PDSCH transmission in subframe #n+k-4 on the access link will have ACK/NACK loss. Therefore, the timing that uplink backhaul subframe is 4ms after downlink backhaul subframe should be realized, which does not affect HARQ process on the access link and has no subframe collision on the backhaul link for asynchronous DL HARQ processes.

Proposal 1: To avoid impacts on HARQ process on the access link, the timing between R-PDSCH transmission and UL ACK/NACK transmission for FDD on the backhaul link shall be aligned with Rel-8 specification.

2.2. Backhaul uplink HARQ timing:

If synchronous HARQ is adopted and Rel-8 uplink HARQ timing is reused for backhaul uplink HARQ, to maintain 8ms RTT and 3ms decoding delay, the following requirements of backhaul timing are needed:

· R-PUSCH transmission from relay node should be 4ms after UL grant transmitted in a downlink backhaul subframe;

· R-PHICH transmission with downlink ACK/NACK from eNB should be 4ms after R-PUSCH transmission from relay node.

This essentially requires that downlink and uplink backhaul subframes shall be assigned with a 8ms periodicity, which may lead to collision between downlink backhaul subframe and non-MBSFN configurable subframes. Figure 1 shows an example with 8ms backhaul subframes allocation periodicity. It is inevitable that some downlink backhaul subframes will collide with some non-MBSFN configurable subframes (e.g. #9).
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Figure 1: Example of 8ms backhaul subframes allocation periodicity

One solution for the collision problem as discussed in [1] is to shift the downlink backhaul subframe, in case it collides with the non-MBSFN configurable subframes. This scheme, however, requires a tighter HARQ processing latency than Rel-8, which possibly has significant impact on implementation.
In [3], another scheme was proposed, where DL subframes (#0, #4, #5, #9) and UL subframes (#4, #8, #9, #3) are not assigned as backhaul subframes. This scheme avoids collisions between backhaul HARQ process and those non-MBSFN configurable subframes. However, this scheme could work well only if the MBSFN subframe allocation periodicity is 40ms. In addition, the scheme results in larger average backhaul HARQ RTT value of 13.33ms, which increases the latency between eNB and R-UE. 

To avoid subframe collision, an alternative solution is to assign downlink backhaul subframe with a 10ms periodicity. Considering the fixed timing that uplink is 4ms after downlink subframe, the uplink backhaul subframes allocation and uplink RTT shall also be 10ms periodicity. This means that R-PHICH transmission with downlink ACK/NACK shall be 6ms after R-PUSCH transmission from relay node.

Because of the 8ms HARQ RTT on the access link, the proposed 10ms periodicity solution may cause transmission collision on the backhaul and access link. One example is shown in Figure 2, where DL subframe #6 and UL subframe #0 are assigned as DL and UL backhaul subframes, respectively. Due to the 8ms HARQ RTT on the access link, it is inevitable that PUSCH (re)transmission of one HARQ process on the access link collides with UL backhaul transmission. However, this may not be a serious problem, since backhaul subframes are semi-statically assigned and pre-known by relay nodes. Hence, relay nodes can avoid the collision of access/backhaul UL transmissions, by sending ACK to R-UE in advance or not scheduling R-UE’s UL transmission on those colliding subframes. 
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Figure 2: Example of 10ms backhaul subframes allocation periodicity

Further, the proposed 10ms periodicity scheme has limited impact to specification. For scheduled R-PUSCH transmissions in subframe n, a relay node shall determine the corresponding R-PHICH resource in subframe n+kPHICH, where kPHICH is always 6 for FDD.

Proposal 2: The backhaul uplink HARQ RTT for FDD should be 10ms, where the timing between R-PUSCH transmission and R-PHICH is 6ms.

3. Conclusion
In this contribution, we discuss the downlink and uplink backhaul HARQ operation for FDD relay nodes. To avoid impacting access HARQ processes and the subframe collision on the backhaul link, we have:

Proposal 1: To avoid impacts on HARQ process on the access link, the timing between R-PDSCH transmission and UL ACK/NACK transmission for FDD on the backhaul link shall be aligned with Rel-8 specification.
Proposal 2: The backhaul uplink HARQ RTT for FDD should be 10ms, where the timing between R-PUSCH transmission and R-PHICH is 6ms.
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