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1 Introduction
There was an text proposal on backhaul resource assignment in the last RAN1 meeting [1]. It shows that a new physical control channel (here referred to as R-PDCCH) is used to dynamically or semi-persistently assign resources, within semi-statically assigned sub-frames for the downlink backhaul data carried by a new physical data channel R-PDSCH.
In this contribution, we point out some issues that should be considered for the design of R-PDCCH and propose an option for R-PDCCH allocation. 
2 Resource Allocation Schemes for Relay Backhaul Link

PDCCH is designed to deliver essential scheduling channel assignment or grant information to LTE/LTE-A UEs and also can be used for relay node (RN). However, considering in-band relaying, it may not be feasible that a RN receives a legacy LTE PDCCH from a macro eNB since RNs should transmit first one or two OFDM symbol(s) for the relay cell UEs as shown in Fig. 1. Due to the restricted situation of control channel design at backhaul downlink, the reuse of the legacy LTE PDCCH for resource allocation indication to RNs may not be a good approach. Therefore a new physical control channel for RNs, R-PDCCH which carries scheduling grants and other control information should be designed to be readable in RNs. In addition to that, this physical control channel design should be backward-compatible considering the downlink shared channel transmission of a macro eNB to legacy LTE Rel-8 UEs.
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Fig. 1. Exemplary DL subframe configuration at an eNB and a RN in case of the fake-MBSFN subframe assuming 1 OFDM symbol transition gap. 
2.1 Consideration points on backhaul resource assignment
In this section, we will suggest some consideration points for the resource assignment for R-PDCCH and R-PDSCH transmission to RNs. Especially, the resource assignment for the R-PDCCH should be carefully investigated considering backward compatibility, since an R-PDCCH to RNs will be transmitted through a PDSCH region. Followings are the points that can be considered on the design of backhaul resource assignment. 
· Decoding latency
As a straightforward way to allocate resources for R-PDCCH without an impact to macro UEs, it can be transmitted using one or more RBs on PDSCH. In other words, R-PDCCH can be multiplexed with R-PDSCH to RNs in the frequency domain. The FDM multiplexing between R-PDCCH and R-PDSCH is the simplest way to allocate a region for R-PDCCH without an impact on macro UEs. However, the FDM multiplexing may induce increased data decoding latency at RNs since RNs can decode backhaul data after receiving the FDM-multiplexed R-PDCCH over the entire subframe. Therefore, we prefer one of the TDM multiplexing schemes between R-PDCCH and R-PDSCH.
· Detection reliability

The reliable transmission of R-PDCCH to each RN is a critical point that should be considered on the design of backhaul resource assignment. Robust detection can be ensured by exploiting frequency selective gain or frequency diversity gain. In case of achieving frequency selective gain, R-PDCCH should be transmitted on the best or favourable frequency band so that the successful decoding and detection probability can be maximized. On the other hand, the frequency channel diversity can be achieved by simply distributing the used subcarriers over wide frequency band so that average successful decoding and detection probability is guaranteed. However, there is one more point we need to consider on the R-PDCCH detection. Since the detection of R-PDCCH is one of performance measures on the backhaul reliability, the false alarm rate of R-PDCCH detection needs to be investigated also. When channel dependent scheduling is allowed to R-PDCCH assignment, we need to consider the impact of blind search operation on false alarm rate if average channel frequency diversity is not guaranteed.
Scheduling restriction at a macro eNB
It is more desirable to minimize restriction on the scheduling flexibility among PDSCH, R-PDCCH, and R-PDSCH in the macro and backhaul downlinks. R-PDCCH for RNs will be transmitted in the legacy PDSCH region, while supporting the backward compatibility with reduced scheduling restriction on an eNB scheduler. Therefore, an eNB should be able to dynamically adjust an allocated resource ratio between PDSCH to macro UEs and R-PDSCH to RNs depending on the traffic volume, channel quality, QoS, and etc. 
2.2 Proposed R-PDCCH multiplexing scheme with R-PDSCH and PDSCH
Considering the points listed above, an eNB can allocate one or more RBs having a good channel quality to each RN for a RN-specific R-PDCCH. In other words, a RN in a macro cell can have an individual region (here referred to as Primary Backhaul Resource (PBR)) for the reception of an R-PDCCH as shown in Fig. 2. The RN-specific R-PDCCH is transmitted on the first one or more OFDM symbols in PBR and the remaining OFDM symbols are used for R-PDSCH transmission to the RN. Depending on the traffic volume to the RN, additional resources (here referred to as Secondary Backhaul Resource (SBR)) can be allocated for another R-PDSCH transmission to the RN . 
A PBR for a RN can be allocated either semi-persistently or dynamically. If slow time-varying channel between a relay and an eNB can be assumed, then the PBR for relay may be allocated semi-persistently by a high layer signalling to achieve the channel dependent scheduling gain and reduce the searching complexity of R-PDCCH. Since the relay would know in advance the minimal downlink backhaul resource, the relay and eNB may enjoy more robust backhaul connection. On the other hand, if the channel characteristic is not stationary, then the semi-persistent PBR scheduling loses the channel dependent gain and it is better to have a distributed resource allocation for the PBR. 
Note that it is also possible to have dynamic PBR allocation by allowing blind PBR search which provides the channel dependent gain regardless of the channel dynamics. In this case, a relay does not know the PBR position in advance and shall search for the allocated PBR (and/or SBR) over a predefined search space. It enables the macro eNB to schedule macro UEs' PDSCH transmission in the fully flexible manner over the entire RBs by allocating PBR dynamically.
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Fig. 2. RN-specific R-PDCCH allocation (FDM/TDM-based R-PDCCH with backhaul data)
3 Conclusion

We showed some consideration points on the design of backhaul resource assignments for R-PDCCH and R-PDSCH. In addition, we proposed a downlink backhaul structure based on the consideration points. 
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