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Introduction 

In RAN1#58bis, a few issues were identified for type 1 relay backhaul design, namely:
• R-PDCCH design

• Need for R-PHICH

• Need for R-PCFICH

• UL HARQ Transmission Timing

• DM RS for R-PDCCH

In this document, we will mainly focus on the issue of UL HARQ transmission timing. Discussion on overall R-PDCCH structure, R-PHICH, R-PCFICH and UE-RS for R-PDCCH can be found in [1], [2], [3], and [4], respectively. 
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Discussion
It is currently assumed that Type I relays configure MBSFN subframes in order to receive DL communications from the donor eNB. It was pointed out in [5] that the configuration of MBSFN subframes is constrained by the fact that 4 out of 10 subframes in each radio frame (namely subframes 0, 4, 5 and 9 for FDD, and 0, 1, 5, 6 for TDD) cannot be configured as MBSFN subframes. This implies that the relay node cannot receive DL communication, including acknowledgement information for UL traffic (i.e., PHICH), in these subframes. Since UL traffic in Rel 8 LTE uses synchronous HARQ with 8ms periodicity for FDD, while the mandatory non-MBSFN subframes  occur with 10ms periodicity, the relay node is unable to receive PHICH from the donor eNB in 40% of the subframes in every HARQ process.

Also, if we assume an 8ms HARQ retransmission structure on the UL (which will at least hold on the access link for legacy UEs), it makes sense to partition UL subframes between access and backhaul links with 8ms periodicity. If the DL partition between access and backhaul subframes is on a 10ms timeline, some of the DL backhaul subframes may not have any corresponding UL ACK opportunities.
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Figure 1 Example of Access/Backhaul Partitioning and Relation to HARQ Timeline
Some of these issues are illustrated in Figure 1. In this figure, subframes 0, 1, 5 and 6 in every radio frame are used for DL backhaul; while on the UL backhaul subframes are allocated with 8ms periodicity. It can be seen that with this configuration, a large fraction of DL as well as UL backhaul subframes do not have any corresponding ACK opportunity (denoted by unfilled arrows). 
Therefore it seems that some modification of HARQ timing on the backhaul link is necessary in order to ensure reasonable performance in relay deployments. The option that has been mentioned so far is to use a 10ms HARQ retransmission. In this case, we assume that the access/backhaul partition for the UL is done with 10ms or radio frame periodicity as well. However, the issue in this case is that access link subframes with 10ms periodicity are not consistent with the UL UE HARQ timing (both legacy as well LTE-A).

As a result, it is not clear that a fixed 10ms HARQ retransmission provides a sufficient solution for the relay backhaul link. Solutions with variable backhaul timing which adapt to the access/backhaul partitioning should therefore be considered.
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Conclusions
In this contribution, we looked at some of the issues related to UL HARQ transmission timing on the relay backhaul link. We found that the existing HARQ timeline results in DL/UL backhaul subframes without corresponding ACK opportunities. As a result, there is motivation to modify the Rel 8 HARQ timeline. However it is not clear that a simple change to a constant 10ms retransmission timeline is a sufficient solution, especially as this is not compatible with the 8ms retransmission timeline on the UL access link. 
Proposals with variable HARQ timing which adapt to the access/backhaul partitioning should therefore be considered. 
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