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1 Introduction

During last several meetings, outlines of backhaul control channel have determined. R-PDCCH design details, such as R-PDCCH and R-PDSCH multiplexing, interleaving, placement and reference signals, are still under discussion. In this contribution, we show our view on those open issues.
2 R-PDCCH and R-PDSCH multiplexing
FDM+TDM and pure FDM are considered for R-PDCCH and R-PDSCH multiplexing. Both schemes have their own pros and cons. In pure FDM, power sharing can be easily supported since the power of R-PDCCH can be constant during a subframe [1]. In addition, as there is no physical data channel for Un downlink in the PRB(s) where R-PDCCH is transmitted, R-PDSCH may not need to be defined, i.e. it could be enough for the Un downlink to reuse PDSCH. 
FDM+TDM has shorter decoding latency and requires smaller buffer size than pure FDM. Increased decoding latency of pure FDM would have a significant impact on the processing time if A/N timing is unchanged compared to Rel-8 [2]. The number of OFDM symbol for Un downlink could be changed depending on the Un downlink timing and the propagation delay between the donor eNB and RN. In pure FDM, it would be necessary to adapt the R-PDCCH design to the number of available symbols which introduce additional complexity compare to Rel-8 [3].
Based on the above discussion, we propose the following:

Proposal 1:

· Adopt FDM+TDM for R-PDCCH and R-PDSCH multiplexing.

We assume FDM+TDM for R-PDCCH and R-PDSCH multiplexing in the remaining sections of this contribution.
3 Interleaving and placement
Frequency diversity and interference randomization are crucial to enable robust R-PDCCH performance. Transmission schemes of Rel-8 PDCCH such as REG-level interleaving and cell-specific cyclic shift are useful to obtain frequency and interference diversity. Furthermore distributed placement of R-PDCCH is preferable for the same reason.
Proposal 2:

· Support REG-level interleaving, cell-specific cyclic shift and distributed placement of R-PDCCH.
4 Reference signals
In last meeting, reference signals for R-PDCCH are agreed as follows [4]: 

· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.
· Demodulate with

· In normal subframes:
· Rel-10 DM-RS when DM-RS are configured by eNB
· Otherwise Rel-8 CRS
· In MBSFN subframes, Rel-10 DM-RS
· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.
Depending on the deployment scenarios, Rel-8 CRS or Rel-10 DM-RS would be utilized for R-PDCCH demodulation by the donor eNB configuration. When most of UEs in the donor eNB cell are Rel-8/9, normal subframes would be mainly used to transmit Un downlink. It is better to demodulate R-PDCCH with Rel-8 CRS since Rel-10 DM-RS is just overhead in this scenario.
On the other hand, when Rel-10/later UEs are the majority of the donor eNB cell, Un downlink would be transmitted using MBSFN subframes. Normal subframes can also be utilized, when the shortage of Un downlink is expected. In this scenario, it is natural to demodulate R-PDCCH with Rel-10 DM-RS since Rel-8 CRS is not transmitted in MBSFN subframe and Rel-10 DM-RS can be used in both normal and MBSFN subframes.
Figure 1 shows Rel-8 CRS and Rel-10 DM-RS for R-PDCCH demodulation. In order to keep the shorter decoding latency of FDM+TDM, Rel-8 CRS in the 5th and 8th OFDM symbols of a subframe are used for R-PDCCH demodulation. CRS of antenna ports 3 and 4 are not utilized since the density of those CRS is quite low. Thus 2 Tx SFBC is applied even when 4 CRS ports are available in the donor eNB. 
When Rel-10 DM-RS is configured, Rel-10 DM-RS of layer 1 and 2 in the OFDM symbols of the first slot are used for R-PDCCH demodulation. Non-precoded DM-RS is preferable to apply 2 Tx SFBC. 
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Figure 1: Rel-8 CRS and Rel-10 DM-RS for R-PDCCH demodulation in normal subframe
Proposal 3 - 5:

· Support 2 Tx SFBC for R-PDCCH.
· When Rel-8 CRS is configured, CRS of antenna ports 0 and 1 in the 5th and 8th OFDM symbols of a subframe are used for R-PDCCH demodulation.
· When Rel-10 DM-RS is configured, non-precoded Rel-10 DM-RS of layer 1 and 2 in the first slot are used for R-PDCCH demodulation.
In last meeting, it is agreed that design for the WI should target only stationary Relay Nodes [4]. Wireless channel of Un link is expected to be quasi-static. When Rel-10 DM-RS is configured, precoding is possible for R-PDCCH with help of precoded DM-RS. No interleaving and localized placement of R-PDCCH are preferable in this case. We are not sure whether this scheme is robust enough for R-PDCCH. More investigations are necessary before adopting this scheme.
5 Conclusion 

We have discussed several aspects of R-PDCCH designs. Our proposals are as follows:
· Adopt FDM+TDM for R-PDCCH and R-PDSCH multiplexing.

· Support REG-level interleaving, cell-specific cyclic shift and distributed placement of R-PDCCH.
· Support 2 Tx SFBC for R-PDCCH.

· When Rel-8 CRS is configured, CRS of antenna ports 0 and 1 in the 5th and 8th OFDM symbols of a subframe are used for R-PDCCH demodulation.

· When Rel-10 DM-RS is configured, non-precoded Rel-10 DM-RS of layer 1 and 2 in the first slot are used for R-PDCCH demodulation.
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