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1 Introduction

At meeting RAN1#59bis a way forward on RS [1] was agreed. However, which RS type to use for the R-PDCCH is still an open issue. In this contribution, a quick review of the various RS options for the R-PDCCH is done in section2. A CRS for R-PDCCH and a R-PDCCH mapping that avoids the use of DMRS is discussed in section 3.

2 RS Options
Several types of RS are being discussed to demodulate the R-PDCCH: DMRS, RN-specific DMRS, CRS. In [6], a RN common control channel is suggested to transmit the backhaul control channels in the time/frequency domain region. However, it would be difficult for the RN to demodulate the R-PDCCH with RN specific DMRS.

Another option is to simultaneously transmit DMRS and CRS. For example some R-PDCCHs may use DMRS with signalling indicating the sequence position; some R-PDCCHs may use the CRS for common control channel and interleaved R-PDCCHs. However, this may incur additional blind detection complexity or signalling overhead for RN demodulating R-PDCCHs. 
A simple method is to focus on CRS- like Rel-8 sequences for the R-PDCCH demodulation. This not only enables the use of a single RS for R-PDCCH but also enables easy demodulation of the R-PDCCH. The additional specification work is also minimal.
3 Reuse of Rel-8 CRS
CRSs are necessary for demodulating the common R-PDCCH channel with interleaving. 

According to the agreement on RS for R-PDCCH demodulation [1], the RS type shall not change dynamically nor depends on the subframe type. Thus, Rel 8 CRSs can always be transmitted and used for demodulating the R-PDCCH channel in the normal or MBSFN subframes. When considering the RS overhead in MBSFN subframes, Rel-8-CRS should be transmitted in RBs scheduled for at least the R-PDCCH and can be partially reduced in time and/or frequency [3, 4]. However, this partial CRS scheme is still FFS. With CRS reuse, the Rel-8 REG-based interleaving and channel estimation scheme can be reused for R-PDCCH demodulation.
Furthermore, it has been agreed that R-PDSCHs can be demodulated with configured DMRS in [1]. The R-PDCCH resource mapping should then be modified to avoid the possible collision between R-PDCCHs and DMRS. We propose to map the R-PDCCHs into the OFDM symbols without RSs or those containing Rel 8 CRS. For example as shown in Fig. 1, OFDM symbols surrounded by the blue dashed line can be used for R-PDCCH mapping. With this possible non-continuous R-PDCCH mapping scheme, Rel-8 REG-based interleaving can be reused for R-PDCCHs even if R-PDSCHs are demodulated with precoded DMRS. 
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Fig. 1 Rel 8 CRS for R-PDCCH demodulation
Reusing Rel-8 CRS has the following pros

· Rel 8 CRS can be reused in the non-MBSFN subframe.
· No impact on DMRS for R-PDSCH demodulation
· Rel 8 R-PDCCH REG-based mapping can be reused

· Rel-8 interleaving can be reused for R-PDCCH
The CRS impact on MBSFN subframes is FFS.
4 Conclusions
This contribution discusses the demodulation RSs for R-PDCCH and suggests a R-PDCCH resource mapping.  The proposals are:
· Proposal#1: Rel 8 CRSs can be reused for R-PDCCH demodulation.
· Proposal#2: In the DL backhaul subframes, OFDM symbols without RS and with only Rel-8 CRS can be used for R-PDCCH mapping.
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