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1
Introduction

In RAN#46, the work item for type-1 relay was approved. In particular, it was emphasized that:

· There is not expected to be any UE impact from the functionality added by this work item and it is required that all legacy LTE UEs can be served by the relay cell.

In RAN1#59, it concluded that R-PCFICH is not necessary for relay backhaul. A few issues still remain unresolved for type 1 relay backhaul design, namely:

· Timing
· R-PDCCH design

· Need for R-PHICH

· H-ARQ RTT
· DM RS for R-PDCCH

In this document, we will mainly focus on H-ARQ timelines. Discussion on other issues can be found in [1], [2], [3], and [4], respectively. 
2
Discussion
It is currently assumed that Type I relays configure MBSFN subframes in order to receive DL communications from the donor eNB. 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. 
On the other hand, for LTE Rel-8 and Rel-9 FDD systems, DL assumes asynchronous H-ARQ with a fixed 4ms delay between PDSCH transmissions and UL ACK/NAK feedbacks. UL assumes synchronous HARQ with a fixed 8ms RTT, which consists of two parts: a 4ms delay between PDCCH/PHICH and PUSCH; and another 4ms delay between PUSCH and the next PDCCH/PHICH. 
However, this fixed H-ARQ timing is inconsistent with the mandatory 10ms periodicity of non-MBSFN subframes, which causes the following issues:
· DL H-ARQ

· Some DL PDSCHs may not have the corresponding UL ACK/NAK subframes

· UL H-ARQ

· Some UL PUSCHs may not have the corresponding DL PDCCH/PHICH subframes

· Some DL PDCCH/PHICH may not have the corresponding PUSCH transmission subframes

Note that the above issues may exist for both the backhaul link and the access link (the link between the relay node and its served UEs).

Discussions and proposals addressing the above issues appeared in [5]-[16]. Herein we provide our views on these issues.
2.1
Impact Distribution
Due to the inconsistency between existing HARQ timing and MBSFN configuration periodicity, it is inevitable that some modification of HARQ timing is necessary. This can be done in the backhaul link only, the access link only, or a combination thereof. One of the most important questions in designing relay H-ARQ is thus: how should such impact be distributed?
In light of the requirement mandated by the work item, it is obvious that the following design rule should be observed:

· Proposal 1: For coverage-extension relays, the  standardization and performance impact of relay H-ARQ design should be localized to the backhaul link as much as possible
2.2
DL and UL Backhaul Subframe Configuration

While DL backhaul subframes will be explicitly configured, currently it is understood that UL backhaul subframes may be implicitly or explicitly configured. 
One implicit UL backhaul configuration is based on the fixed 4ms delay between i) R-PDSCH and UL ACK/NAK, and ii) R-PDCCH/R-PHICH and R-PUSCH. Naturally, one would try to configure DL subframe n and UL subframe n+4 as a bundle. By doing so, one-to-one mapping between DL backhaul and UL backhaul can be achieved. However, this bundling configuration does not solve the inconsistency issue (i.e., 10ms vs. 4ms). Additionally, it imposes unnecessary limitations such that the number of DL backhaul (or access) subframes is always equal to the number of the UL backhaul (or access) subframes. This may not be desirable given that the relative channel conditions between DL and UL in the backhaul is not necessarily the same as that of the access link. Indeed, they can be quite different, especially in the interference-rich scenarios. 
Therefore, we propose:

· Proposal 2: UL backhaul subframes should be explicitly configured. Asymmetric DL and UL backhaul subframe configurations should be supported.

In addition, considering the facts that the least common multiple of 8 and 10 is 40, and that the configuration of backhaul subframes is on a semi-static basis, a bitmap of size 40 should be used for both DL and UL backhaul subframe configurations. That is,

· Proposal 3: DL and UL backhaul subframe configurations are each based on a 40-bit bitmap.

The combination of the explicit and the 40-bit bitmap based DL and UL backhaul configurations provides the necessary flexibility to ensure reasonable performance in relay deployments. It is obvious that the configurations should be such that the impact on DL and UL HARQ operations over the access link should be minimized. The configurations may also need to take into account the periodicities and subframe offsets of higher-layer configured UL control information transmissions. However, such details can be left to eNB implementation. In addition, there may be a strong need for other work group(s) to restrict the set of typical configurations, but this is beyond the scope of RAN1.
2.3
H-ARQ Timing and Related Issues

In RAN1#59, it was agreed that:

· 8ms HARQ RTT is baseline assumption for DL and UL minimum requirement from L1 perspective if suitable subframes are available for transmission
It is our understanding that the above agreement implies the following:

· The delay between R-PDSCH and UL ACK/NAK should be kept to 4ms whenever possible,

· The delay between R-PDCCH/R-PHICH and R-PUSCH should be kept to 4ms whenever possible, and

· The delay between R-PUSCH and R-PDCCH/R-PHICH should be kept to 4ms whenever possible.

Extensive discussions on possibly re-designing H-ARQ timing have appeared, e.g., in [5]-[16], especially in terms of comparing 8ms based and 10ms based HARQ operations. Both approaches have their pros and cons. There is no compelling advantage comparing one approach to the other. Indeed, given the explicit and flexible UL backhaul subframe configuration, it is very difficult, if not impossible, to design relay H-ARQ assuming one set of explicit and fixed timing value(s) for DL and UL HARQ timing (e.g., 8ms based or 10ms based). Supporting two or more sets (e.g., both 8ms and 10ms based) is not desirable either, due to its impact on standardization and implementation efforts.

One important underlying philosophy in DL and UL HARQ timing design is to account for receiver processing capbilities. Since the 4ms delay is supproted by legacy eNBs and UEs as the mininum requirement, the same 4ms delay should be supported in relay backhaul whenever possible. It is not desirable to intentionally choose a delay larger than 4ms when it is indeed possible. Thus, we propose:

· Proposal 4: Relay backhaul HARQ timing should stick to the following rule - the first available subframe at or after 4ms. In particular,

·  For R-PDSCH in subframe n, UL ACK/NAK is in the first UL subframe ≥ n+4. 
· For R-PDCCH/R-PHICH in subframe n, R-PUSCH is transmitted in the first UL subframe ≥ n+4.
· For R-PUSCH in subframe n, the next R-PDCCH/R-PHICH is in the first DL subframe ≥ n+4.

Note that the above rule is deterministic. That is, for a given set of DL and UL backhaul subframe configurations, the above rule results in a fixed timing relationship for both DL and UL HARQ.

It is possible that multiple DL R-PDSCHs are mapped to the same UL ACK/NAK opportunity. Similarly, multiple UL subframes may be mapped to the same DL for HARQ operation as well. This is not expected to be a significant issue. This is because in LTE Rel-8 and Rel-9, such asymmetry issue already exists for TDD systems. As a result, the same design in TDD can now be readily applied.
2.4
UL Backhaul HARQ: Sync vs. Async

Currently, UL HARQ operation is synchronous. Under the flexible UL backhaul subframe configuration and the simple and determinsitic minimum 4ms delay rule, synchronous HARQ operation in UL may impose some limitations on UL scheudling. This is due to the fact that whenever there is an R-PUSCH transmission, either R-PDCCH or R-PHICH must be transmitted in a fixed DL subframe. In order to flexibly adapt to the access/backhaul partitioning and relax limitations on UL scheduling, we propose:

· Proposal 5: Asynchronous UL HARQ should be supported in relay backhaul
3
Conclusions
In this contribution, we discussed some issues with relay DL and UL HARQ operations, and proposed our views on how to address these issues. Relay HARQ design should be aimed to support a reasonable relay performance, while minimizing impact on legacy UEs and impact on standardization and implementation efforts. The following are proposed for both FDD and TDD:

· For coverage-extension relays, the  standardization and performance impact of relay H-ARQ design should be localized to the backhaul link as much as possible

· UL backhaul subframes should be explicitly configured. Asymmetric DL and UL backhaul subframe configurations should be supported. DL and UL backhaul subframe configurations are each based on a 40-bit bitmap.

· Relay backhaul HARQ timing should conform to the following rule - the first available subframe at or after 4ms. In particular,

·  For R-PDSCH in subframe n, UL ACK/NAK is in the first UL subframe ≥ n+4. 

· For R-PDCCH/R-PHICH in subframe n, R-PUSCH is transmitted in the first UL subframe ≥ n+4.

· For R-PUSCH in subframe n, the next R-PDCCH/R-PHICH is in the first DL subframe ≥ n+4.

· Asynchronous UL HARQ should be supported in relay backhaul.
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