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1. Introduction
This document discusses some aspects of R-PDCCH design, including the control channel placement, multiplexing, and its impact on other aspects of relay design, including UL HARQ RTT, etc. 
2. R-PDCCH Multiplexing 

A previous contribution discussed how the number of relays can impact the R-PDCCH design [1]. For a small number of relays per cell, the eNB-RN interface can be made very simple by scheduling the RNs in different subframes and relying on a RN-specific backhaul transmission (e.g. via DRS based RPDCCH and RPDSCH). However, if a large number of relays are to be supported, then it becomes necessary to multiplex the R-PDCCH for several relays in a single subframe, and in such a case control overhead reduction techniques have to be considered. 

Need for RPHICH

A detailed discussion of the need for R-PHICH is discussed in an accompanying contribution [2] R1-100182. It is noted that R-PHICH may not be necessary as the associated control channel overhead savings may be small especially when the first transmission BLER for UL backhaul is small (e.g. 1%). However, R-PHICH may provide some savings for large number of relays when the first transmission BLER is relatively high (~10%). 
UL HARQ RTT

An accompanying contribution [3] R1-100183 compares the various options for UL HARQ RTT and discussed that a 10ms RTT is advantageous as it requires minimal HARQ modifications compared to an 8ms RTT and it also enables the Rel-8 like implicit DL/UL subframe association. It is important to consider the impact of R-PDCCH placement on HARQ RTT values. 
R-PDCCH placement

Three choices for multiplexing the R-PDCCH were described in [4] R1-092532. These were a pure TDM placement, mixed TDM + FDM placement and pure FDM placement. 

· While pure TDM placement is not desirable, it is useful when the system bandwidth is small (e.g. <=10 RBs)  or when large number of relays are to be served. Therefore pure TDM cannot be ruled out at this stage until further study. 

· Pure FDM placement suffers from increased decoding latency compared to the pure TDM or mixed TDM + FDM placement as the R-PDCCH spans the entire sub-frame. This would have a significant impact on the processing time if A/N timing is unchanged compared to Rel-8. Further more, the granularity in terms of REs/PDCCH may be too large such that the RB(s) used for sending UL grants may not be fully used.

· To enable early decoding of control channels like Rel-8 control, it is preferred to limit the eNB-RN control region to within the first slot of the sub-frame. This is termed as the mixed TDM + FDM placement. This would enable the UL HARQ RTT options under consideration (10ms RTT, 8ms RTT and the 8ms and 16ms options). The actual time-span should be determined based on the factors including processing time, HARQ RTT, control channel resource requirements, etc.

The mixed TDM+FDM control region can be enabled by relying upon the Rel-10 DRS available (alternatively, CRS for antenna ports 0 and 1 can be used) in the first slot of the downlink backhaul subframe for control demodulation.  This results in processing similar to the Rel-8 control channel processing where the control decoding can be based on the CRS available in the first slot. For a fixed RPDCCH size in terms of number of RBs, the mixed TDM+FDM also allows the RPDCCH to span multiple PRBs providing additional frequency diversity, and thus flexibility and granularity in resource sharing. 

Proposal: 

A mixed TDM-FDM placement is used for R-PDCCH which is limited to with the first slot of the subframe. Exact time-span of R-PDCCH is FFS.

UL Subframe backhaul assignment

In R1-092780, it was agreed that the set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship. 

· If the amount of backhaul subframes on DL and UL is symmetric, then a straightforward solution is to follow the Rel-8 DL/UL timing principle, i.e. assume that the uplink backhaul subframes are derived implicitly from the downlink backhaul subframes and the HARQ timing. The eNB can dynamically schedule the relay uplink on this set of semi-statically configured uplink backhaul subframes. This has the advantage of keeping the Rel-8 HARQ timing and works well with the 10ms RTT as well the minimum 8ms RTT option (8ms and 16ms RTT).
· An explicit assignment of UL backhaul subframes is warranted when the subframe assignment is asymmetric, i.e. when the number of uplink backhaul subframes is more than the number of DL backhaul subframes. However, the need for asymmetric subframe usage is not yet proven. The explicit assignment may be required for the case of 8ms UL HARQ RTT. 

Therefore the following is proposed as a baseline: 

Proposal:
The set of uplink backhaul subframes are derived implicitly from the downlink backhaul subframes and the HARQ timing. The eNB can dynamically schedule the relay uplink on this set of semi-statically configured uplink backhaul subframes.  For certain configurations in TDD, explicit UL backhaul subframe assignment can be considered.

3. Conclusions
This document discussed some aspects of R-PDCCH design, including the control channel placement, multiplexing, and its impact on other aspects including UL HARQ RTT, etc. In conclusion, the following is proposed for R-PDCCH design:
· A mixed TDM-FDM placement is used for R-PDCCH which is limited to with the first slot of the subframe. Exact time-span of R-PDCCH is FFS.

· The set of uplink backhaul subframes are derived implicitly from the downlink backhaul subframes and the HARQ timing. The eNB can dynamically schedule the relay uplink on this set of semi-statically configured uplink backhaul subframes.  For certain configurations in TDD, explicit UL backhaul subframe assignment can be considered.
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