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1
Introduction

One of the open issues identified for type 1 relay backhaul design is R-PDCCH design and corresponding DM-RS.  In [1] we presented our views on R-PDCCH design for relay backhaul downlink. We argued that a pure FDM design is favourable over FDM+TDM or TDM only design since

a) Data and control need not be multiplexed together, which prevents wasting of resources in situations like uplink heavy traffic where control needs to be sent without data.
b) DM-RS pattern design for PDSCH can also be used for R-PDCCH and R-PDSCH. In TDM/ FDM+TDM design we will need new DM-RS patterns for the TDM portion since eNB may have to serve relay on subframes configured as MBSFN that have just 1/2 CRS symbols which is insufficient for channel estimation.
c) The power overhead even with 1 RB based R-PDCCH design was acceptable. 

In this contribution we present our views on the DM-RS design for R-PDCCH and R-PDSCH. Our views on the other identified topics are presented in [2] and [3] respectively. 
2
Relay Downlink Timing

A relay cannot transmit to its UE and receive data from the eNB at the same time. To resolve this issue while remaining compatible with LTE, on relay backhaul subframes, relay is expected to configure its own subframe as MBSFN.  Depending on the number of CRS ports configured  and the number of control symbols transmitted, the relay may not be able to listen to the first (with 1 or 2 CRS ports and one control symbol) or the first two (with 4 CRS ports or two control symbols) OFDM symbols. 
In addition a relay may need upto one OFDM symbol every time it switches between backhaul and access link. In several companies’ contributions (e.g. [4][5]), it was shown that a relay would only lose a fraction of 1 OFDM symbol at the beginning of its backhaul reception if it employs a small time offset to compensate for the transition times. Further details of such a time offset are discussed in [6].
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Figure 1 Fixed Delay for RN Downlink [6]
3
DM-RS Pattern for R-PDCCH

As mentioned in the introduction we prefer an FDM only design for R-PDCCH. In this case DM-RS pattern for PDSCH can also be readily used for relay PDCCH. This would result in the least specification and implementation impact.
From Figure 1, we see that at least 11 symbols in the normal subframe case can be received by the relay. This in turn allows the relay to reuse the DMRS pattern for regular subframes. Similarly, the pattern that is used for DMRS for regular subframes in the extended CP case can also be reused. Figure 2 shows the DMRS pattern approved by RAN1 for the normal CP case for 2 antenna ports, and similar patterns for the 4 antenna port and extended CP case.  
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Figure 2 DMRS Patterns for Regular Subframes
It should be noted that using this pattern, the DMRS of the R-PDCCH and R-PDSCH is not affected by the number of macro control symbols used. Moreover, since the relay cannot read the macro PCFICH value, the maximum value (3 symbols for the 5MHz and greater cases) should be assumed by the relay for R-PDCCH. This, in turn, means that the R-PDCCH starts on the 4th symbol and hence is also not affected by the relay transition.   
3
Conclusion

We propose that the UE-RS pattern for regular subframes be adopted as the DM-RS pattern for R-PDCCH and that the R-PDCCH starts from the 4th symbol (assuming a macro PCFICH value of 3) in the 5MHz or greater case.     
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