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1 Introduction 
Email discussion on CSI RS design for LTE-A has dealt with several discussion topics in terms of questions (Q1 – Q10). The question Q3 is as follows:
Q3.
Do we introduce inter-PRB multiplexing of CSI-RS? (A set of CSI-RS is mapped to multiple PRB)
Alt1: No

Alt2: Yes with FDM (single subframe)

Alt3: Yes with TDM (different subframe)

Alt4: Others?
A lot of companies have expressed their views on Q3, but so far RAN1 has not arrived at agreement on this issue. This contribution provides our view on the question Q3 considering relay backhaul.
2 CSI generation for backhaul downlink
Efficient RS design for eNB-to-relay backhaul link is important to improve system throughput and coverage by deploying relays. So far, RAN 1 has not discussed CSI generation for backhaul downlink. There are two options for CSI generation for backhaul downlink.
Option 1:  Relay generates CSI and demodulates R-PDSCH using CRS.
This option 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. Option 1 restricts eNB from configuring backhaul downlink within LTE-Advanced subframes.
Option 2:  Relay generates CSI from CSI RS and demodulates R-PDSCH from DM RS
RAN1 is developing CSI RS and DM RS to support up to 8 Tx antennas, CoMP, and MU-MIMO for LTE-Advanced UE. Demodulation RS is UE specific and CSI RS is sparse in time and frequency. Option 2 makes it possible to exploit LTE-Advanced features for relay backhaul, which is very important to improve backhaul capacity.
Proposal: We propose Option 2 for CSI generation for backhaul downlink
In order to use Option 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. 
When determining how to map CSI RS into subframes, we should take account of this scheduling constraint. Alt 1 and 2 of Q3 in email discussion on CSI RS design are to map all CSI RSs in one subframe. On the other hand, Alt 3 of Q3 is to split CSI RSs into multiple subframes. Considering the above constraint on subframe scheduling for backhaul downlink at eNB, Alt 1 or Alt 2 is preferred.
Proposal: We propose to map all CSI RSs in one subframe.

3 Conclusion
We have investigated CSI generation for backhaul downlink, and proposed the following:
· Relay generates CSI from CSI RS and demodulates R-PDSCH from DM RS.

· All CSI RSs are mapped in one subframe.
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