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1 Introduction

RAN1 is discussing the use of a new control channel structure, the R-PDCCH, for the backhaul link between the donor cell and the relay node. Alternatively, the Rel.8 PDCCH can be used. Reference [1] stated that reusing the Rel-8 design would significantly simplify the overall standardization and implementation effort. This contribution discusses the standardisation impact in more detail. 
2 Discussion
2.1 Timing

Using the PDCCH on Un requires a time offset, also referred to as DL timing case 4 [2]. By advancing the RN timing by 1-2 OFDM symbols compared to the eNB timing, the RN can receive the PDCCH control signaling. Timing advance procedures are not required since the RN can synchronize to the eNB PDCCH on its own without eNB support. All we need is a signal indicating the use of DL timing case 4, which corresponds to the use of the PDCCH on Un. 
The size of the time offset depends on the size of the L1/L2 control region of the RN’s Un (MBSFN) subframe
 and on the RN’s Tx-Rx switching time. In order to treat the PDSCH accordingly, the size of the time offset needs to be known by the DeNB. Typically, the offset is two symbols long but it could be made configurable. In case of a configurable offset a signal indicating the size of the time offset is needed. 
If more than one DL timing case is supported in Rel.10, e.g., DL timing case 1 for FDD and DL timing case 3 for synchronized TDD, such signals will be needed anyway, even when using the R-PDCCH. 

2.2 Data channel
According to the time offset, the RN cannot receive the data channel (PDSCH) on the last DL symbol(s). One solution is to reconstruct the missed symbols based on coding redundancy similar to the solution for half-duplex FDD UEs. However, with a very high Un capacity, an entire code block might be punctured, which in turn cannot be reconstructed. Alternatively the eNB could use a shortened PDSCH format similar to the DwPTS region in TDD. 

Cell-specific reference signals (CRS) are not affected by the shortened PDSCH. Typically the time offset is two symbols, and CRS can be received by the RN. Even if the time offset is larger and the RN cannot receive all CRS, the CRS density is high enough to maintain a good demodulation performance. UE-specific demodulation RS (DMRS) of a DL subframe are affected since they occur in the last two OFDM symbols. Hence a RN cannot receive all DMRS of a PDSCH. One solution is to restrict the shortened format of the PDSCH to use CRS. In another solution the PDSCH could be demodulated based on DMRS, which are punctured in the last symbol(s). Alternatively, the DMRS pattern for DwPTS could be used for PDSCH on Un. Then, no DMRS is present in the last DL symbols.
When supporting tightly synchronized network, e.g., with DL timing case 3 for TDD, a shortened data channel will be needed anyway, even when using the R-PDCCH. 

2.3 Control channel
When using the PDCCH on Un, eNB-UE and eNB-RN share the same PHICH resources. The PHICH actually used for a specific HARQ feedback depends on the RBs upon which the UL-SCH occurred. Depending on the selected Un HARQ timeline, the PUSCH – PHICH timing for UEs and RNs might be different and eNB-UE and eNB-RN PHICH feedback would use the same resources. One solution would be to separate PHICH resources of UEs and RNs in the same way as PHICH resources of UEs are separated when using MU-MIMO. Alternatively, PHICH-less operation on Un could be applied.
3 Summary & Conclusion

As discussed in this contribution, the specification impact of using the PDCCH on the Un link is very limited. It is reasonable to assume that the use of PDCCH on Un can be specified in the remaining time of the relaying Work Item. 

Hence, it is proposed to support PDCCH for control signalling on the Un link.
4 References
[1] R1-094449, “On the use of PDCCH for relaying”, Ericsson, ST-Ericsson
[2] R1-101553, “Summary of email discussion on DL timing relation between eNB and RN”, WI Rapporteur (Ericsson)
[3] R1-101749, “Un HARQ timing for FDD”, Ericsson, ST-Ericsson 
[4] R1-101750, “Un HARQ timing for TDD”, Ericsson, ST-Ericsson 

























































































































































































































































































































































































































































































































































































































































































































































































































































� For the Un subframe no DL assignments are needed and depending on the Un subframe allocation no UL grants are needed as well � REF _Ref258313293 \r \h ��[3]�� REF _Ref258313294 \r \h ��[4]�. So the size of the L1/L2 control region is most probably one OFDM symbol. Even if the RN has four Tx antennas, which would require a control region size of two symbols, CRS could be transmitted using 2 ports only, which again reduces the size to one symbol.
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