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1. Introduction
To reduce self-interference, relay node (RN) may not be able to transmit and receive signals on the same frequency band at the same time [1]. Therefore, a type-1 relay [1] receives both R-PDCCH and R-PDSCH in the Rel-8 PDSCH region. Reference signal (RS) is essential for RNs to correctly decode R-PDCCH and R-PDSCH. In this contribution, we consider RS design for relay backhaul link, taking into account the following aspects:

· R-PDCCH and R-PDSCH multiplexing scheme

· Availability of Rel-8 CRS in DL backhaul subframes

· Common R-PDCCH or RN specific R-PDCCH

2. Discussion
2.1. FDM R-PDCCH and R-PDSCH Multiplexing
Figure 1 shows the FDM R-PDCCH and R-PDSCH multiplexing scheme, where R-PDCCH and R-PDSCH occupies different PRBs over all available OFDM symbols for backhaul transmission. Note that for simplicity, the guard period for RN Tx/Rx or Rx/Tx switching is not shown in Figure 1.
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Figure 1: FDM R-PDCCH and R-PDSCH Multiplexing
For the FDM scheme, RN specific R-PDCCH may lead to excessive R-PDCCH overhead, since R-PDCCH occupies all backhaul OFDM symbols with frequency granularity of a PRB. Therefore, common R-PDCCH is preferable for the FDM scheme. Rel-8 CRS can be utilized for R-PDCCH decoding. Further, it is proposed that Rel-8 CRS is transmitted on the R-PDCCH PRBs, even if the backhaul subframe is configured as an MBSFN subframe. Note that RN may not receive the Rel-8 CRS in the first two OFDM symbols of a subframe. Therefore, the R-PDCCH detection performance with partially punctured Rel-8 CRS shall be verified. For R-PDSCH, either Rel-8 CRS or Rel-10 DM RS can be used for its demodulation.
2.2. TDM R-PDCCH and R-PDSCH Multiplexing 

Figure 2 illustrates the TDM R-PDCCH and R-PDSCH multiplexing scheme, where R-PDCCH occupies the system bandwidth over a few OFDM symbols. Similar to the FDM scheme, common R-PDCCH is preferable for the TDM scheme, due to coarse R-PDCCH granularity. In case the backhaul subframe is a non-MBSFN subframe, Rel-8 CRS on all backhaul OFDM symbols can be used for R-PDCCH decoding. On the other hand, if the backhaul subframe is an MBSFN subframe, Rel-8 CRS shall be transmitted at least on the R-PDCCH OFDM symbols. It is possible that not all Rel-8 CRS (e.g. antenna port 2 and 3) are present in the R-PDCCH OFDM symbols. Hence, special CRS design in R-PDCCH may be needed.
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Figure 2: TDM R-PDCCH and R-PDSCH Multiplexing
For R-PDSCH, Rel-8 CRS (if available) or Rel-10 DM RS can be used. Depending on the R-PDCCH duration in time, modification on Rel-10 DM RS pattern may be necessary for its application on the backhaul link.
2.3. TDM+FDM R-PDCCH and R-PDSCH Multiplexing
Figure 3 shows the TDM+FDM R-PDCCH and R-PDSCH multiplexing scheme, where R-PDCCH occupies a subset of PRBs and a subset of backhaul OFDM symbols. The backhaul OFDM symbols following R-PDCCH are preferably to be used for R-PDSCH, in order to reduce the impact on Rel-8/10 UEs. In addition, a separate set of PRBs can be assigned for R-PDSCH without R-PDCCH transmitted in it.
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Figure 3: TDM+FDM R-PDCCH and R-PDSCH Multiplexing
For the TDM+FDM scheme, due to its finer resource granularity, it is possible to have RN specific R-PDCCH. For an MBSFN backhaul subframe, the RN specific R-PDCCH can have the same precoding as R-PDSCH. Hence, the demodulation of RN specific R-PDCCH and R-PDSCH can rely on Rel-10 DM RS. For a non-MBSFN backhaul subframe, either Rel-8 CRS (if available) or Rel-10 DM RS can be used for decoding of RN specific R-PDCCH.
For common R-PDCCH, the TDM+FDM scheme is similar to the TDM scheme in terms of RS design on the PRBs containing both R-PDCCH and R-PDSCH. CRS is needed for R-PDCCH decoding, which may require special CRS design depending on the duration of R-PDCCH in time domain. 
For R-PDSCH without R-PDCCH transmitted on the same PRBs, its demodulation can utilize either Rel-8 CRS (if available) or Rel-10 DM RS, similar to the FDM scheme.
Table 1: Summary of reference signal design for relay backhaul link
	
	FDM
	TDM
	TDM+FDM

	Common 
R-PDCCH
	· CRS required

· Rel-8 CRS mostly reusable
· Less specification effort
	· CRS required

· Rel-8 CRS may not be directly reusable
· More specification effort
	· CRS required

· Rel-8 CRS may not be directly reusable

· More specification effort


	RN specific 
R-PDCCH
	· Not desirable
	· Not desirable
	· CRS or DRS
· Rel-8 CRS or Rel-10 DM RS mostly reusable

· Less specification effort

	R-PDSCH without 
R-PDCCH 
on the same PRBs
	· CRS or DRS
· Rel-8 CRS or Rel-10 DM RS mostly reusable
· Less specification effort
	· Not applicable
	· CRS or DRS 

· Rel-8 CRS or Rel-10 DM RS mostly reusable

· Less specification effort

	R-PDSCH 
with 
R-PDCCH 
on the same PRBs
	· Not applicable
	· CRS or DRS 

· Rel-10 DM RS may not be directly reusable

· More specification effort
	· CRS or DRS

· With common R-PDCCH, Rel-10 DM RS may not be directly reusable, more specification effort 

· With RN specific R-PDCCH, Rel-10 DM RS mostly reusable, and less specification effort 


3. Conclusions
In this contribution, we discuss reference signal design for relay backhaul link, based on different R-PDCCH/R-PDSCH multiplexing schemes as well as other factors. Table 1 lists the summary of the discussion. In order to reduce the design possibilities, we propose to consider the following: 
· Demodulation of R-PDSCH based on DM RS only
· Focusing on the TDM+FDM and the FDM R-PDCCH/R-PDSCH multiplexing scheme

· For the TDM+FDM scheme, both RN specific and common R-PDCCH shall be considered
· Demodulation of RN specific R-PDCCH based on DM RS

· Demodulation of common R-PDCCH based on CRS

· For the FDM scheme, only common R-PDCCH shall be considered

· Demodulation of common R-PDCCH based on CRS
· Reusing Rel-8 CRS and/or Rel-10 DM RS as much as possible for reference signals on relay backhaul link
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