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1 Introduction 
RAN1 agreed to support the type 1 relay node that appears to UEs as a separate cell distinct from the donor cell [1]. A large number of companies are in favor of TDM-based separation of access and backhaul link and MBSFN signaling. 
Efficient RS design for eNB-to-relay backhaul link is important to improve system throughput and coverage by deploying relays. In this contribution, we provide our views on RS design for backhaul downlink assuming type 1 relay and MBSFN signaling.
2 RS design for backhaul downlink
So far, RAN 1 has not discussed RS framework for backhaul downlink. We investigate two alternatives
Alternative 1:  Relay generates CSI and demodulates R-PDSCH using CRS.
This alternative makes it possible to exploit Rel-8 features for backhaul downlink without any specification change. However, backhaul link has some limitation on using LTE advanced features, and has small capacity in case of small number of CRS ports,
eNB can configure backhaul downlink (eNB-to-relay link) with Rel-8 subframes and/or with LTE-Advanced subframes. eNB configures LTE-Advanced subframes by signaling as MBSFN subframe for Rel-8 backward compatibility. LTE-Advanced subframe is expected to have CRS only in PDCCH region. If eNB configures backhaul downlink within LTE-Advanced subframes, relay cannot receive CRS since relay shall transmit PDCCH for UE served by relay in the corresponding subframe and fail to demodulate R-PDSCH. Alternative 1 restricts eNB from configuring backhaul downlink within LTE-Advanced subframes.
Alternative 2:  Relay generates CSI from CSI RS and demodulates R-PDSCH from DM RS
RAN1 is developing additional RS to support up to 8 Tx antennas, CoMP, and MU-MIMO for LTE-Advanced UE. Current agreements are as follows [2];

· Define two types of RS
· RS targeting PDSCH demodulation

· RS targeting CSI generation (for CQI/PMI/RI/etc reporting when needed)

· RS targeting PDSCH demodulation (for LTE-A operation) are

· UE specific

· Transmitted only in scheduled RBs and the corresponding layers

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· RS targeting CSI generation (for LTE-A operation) are

· Cell specific

· Sparse in frequency and time

In these agreements, there are two types of RS, that is, demodulation RS and CSI RS. Demodulation RS is UE specific, and CSI RS is sparse in time and frequency. Alternative 2 make it possible to exploit LTE-Advanced features, which is very important to improve backhaul capacity.
Proposal: We propose Alternative 2 for RS framework for backhaul downlink
In order to use Alternative 2, eNB have a constraint on subframe scheduling for backhaul downlink. Due to the self-interference, relay can receive the transmitted signal from eNB only at the subframes that are allocated for backhaul downlink. Therefore, relay cannot use the CSI RS located at the subframes that are not allocated for backhaul downlink. To be able to measure the time varying wireless channel, relay should receive CSI RS within an appropriate time interval. eNB should allocate backhaul-link subframes for relay to measure time varying channel correctly. 
CSI RS design should take account of this if necessary. For example, there can be two alternatives for mapping CSI RS into subframes [3]. One is to map all CSI RSs in one subframe, and the other is to split CSI RSs into multiple subframes. Considering the constraint on subframe scheduling for backhaul downlink at eNB, the latter is preferred.
3 Conclusion
We have investigated RS framework for backhaul downlink, and proposed the following.

Proposal: Relay generates CSI from CSI RS and demodulates R-PDSCH from DM RS

We have mentioned some points to be considered for this proposal such as the constraint on subframe scheduling for backhaul downlink at eNB and mapping of CSI RSs
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