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1 Introduction

In RAN1#59Bis, slight progress has been made toward the reference signals required for demodulating the R-PDCCH channel. After discussing the way forward in R1-100803, it is modified and agreed as follows:
· Reuse of RS designed for eNB-to-UE transmission (i.e., Rel-8 CRS and/or Rel-10 DM-RS) is the starting point for design for each eNB-to-RN channel demodulation. 
· FFS on introduction of new DM RS, or non-precoded RS in MBSFN subframes, for the sole purpose of eNB-to-RN channel demodulation, depending on significant problems being identified with the above.

· Note: If a new DM-RS is introduced in eNB-to-RN link, DM-RS in the following includes the newly introduced DM-RS

· For R-PDCCH,

· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· FFS whether to demodulate with;

· CRS only

· DM-RS only

· CRS when CRS are configured and DM-RS when DMRS are configured, eNB configures between CRS and DM-RS

·  For R-PDSCH (if defined),

· For a given RN, R-PDSCH transmission mode shall not change dynamically nor depending on subframe type. 

· demodulate with CRS when CRS are configured and DM-RS when DMRS are configured according to the transmission mode, eNB configures the transmission mode

· FFS whether all transmission modes are supported by all RNs

In this contribution, we discuss the reference signals required for demodulating the R-PDCCH channel and show that, in our views, in order to support both frequency diversity and frequency selective R-PDCCH transmissions in the same subframe of the cell [12], it is necessary for a given relay node, either CRS or DMRS are present in the PRBs carrying its R-PDCCH transmission in the backhaul subframe.
2 Reference Signals for Demodulating Frequency Diversity R-PDCCH Transmission   
In Frequency Diversity (FD) R-PDCCH transmission, the R-PDCCHs for different relays are interleaved; therefore some kind of RS which are common for all relays are the most appropriate for demodulating the R-PDCCH channel. There are two possible options. 
Option 1: Reuse Rel’8 CRS
As the Rel’8 CRS is always transmitted in the non-MBSFN subframes, it can be used for demodulating the R-PDCCH channel. However when CRS is not present, as in the fake MBSFN subframes (i.e. MBSFN subframes that are not used for MBMS), it is preferred that Rel’8 CRS is transmitted but confined to the PRBs carrying R-PDCCH transmissions. Other PRBs in the same subframe will not contain the CRS except in the first two OFDM symbols. Fig.1 shows CRS in the MBSFN subframes for TDM+FDM and FDM schemes. 
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 Fig.1 CRS for demodulating R-PDCCH transmissions in the MBSFN subframes with normal CP length. 
The concern of transmitting new Rel’8 CRS in the MBSFN subframes is mainly the overhead because the DMRS are needed for R-PDSCH (or Rel’10 PDSCH) demodulation in case of TDM+FDM scheme, however, as the new CRS REs are transmitted only in the PRBs carrying R-PDCCH transmission, then the overhead is not so significant. In addition, in case FDM scheme as shown in Fig 1b, DMRS are not needed to be transmitted in the PRBs carrying R-PDCCH transmissions, hence, no overhead incurred.
Option 2: Use Unprecoded RS
Unprecoded RS can be applied for demodulating the FD R-PDCCH transmissions in both non-MBSFN and MBSFN subframes by just reusing the location of the DMRS pattern. In TDM+FDM scheme, the RS in the first slot are unprecoded for demodulating FD R-PDCCH transmissions while in the second slot the DMRS are precoded for demodulation the R-PDSCH channel as shown on Fig 2a. For FDM scheme, the RS in both slots are unprecoded for demodulating FD R-PDCCH transmissions as shown on Fig 2b. The assumption here is that the last OFDM symbol of the backhaul subframe is available for relays [14-15].
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 Fig.2. Example of new unprecoded RS for demodulating R-PDCCH transmissions with normal CP length.

   Table 1. Pros and cons for Option 1 and 2.
	
	Option 1                          (Reuse Rel’8 CRS)
	Option 2                           (Use Unprecoded RS)

	Pros
	-Rel’8 CRS are already in the non-MBSFN subframes.

-Just re-using the existing Rel’8 CRS in the MBSFN subframes.

-Same R-PDCCH RE mapping can be achieved for non-MBSFN and MBSFN subframes.
	-No additional overhead in the MBSFN subframes in case of TDM+FDM scheme.

	Cons
	-Overhead in the MBSFN subframes in case of TDM+FDM scheme.

	-Definition of new unprecoded RS are needed
-Channel estimation performance degradations in case of TDM+FDM scheme as in Fig.2.


3 Reference Signals for Demodulating Frequency Selective R-PDCCH Transmission   
In Frequency Selective (FS) R-PDCCH transmission, the R-PDCCHs for different relays are not interleaved; and beam-forming can be applied to each relay’s R-PDCCH channel to achieve high reliability and interference reduction. There are three possible options.
Option 1: Reuse Rel’8 CRS
It is the same as Option 1 for FD R-PDCCH transmission. In case the R-PDCCH channel is not beam-formed, the same CRS for frequency diversity R-PDCCH transmission (as shown on Fig.1 above) can be used for demodulating the FS R-PDCCH channel. This means that for MBSFN sub-frames in which the CRS is currently not present, Rel’8 CRS must be inserted in the PRBs carrying the R-PDCCH transmissions.

Option 2: Use Unprecoded RS
It is the same as Option 2 for FD R-PDCCH transmission in the previous section.
Option 3: Use DMRS
In case beam-forming is applied to the R-PDCCH channel, it means that the R-PDSCH channel is also beam-formed; therefore, DMRS must be used to demodulate the R-PDCCH and R-PDSCH channels. Fig.3 below shows DMRS pattern for relays in Rel’10 in the MBSFN and non-MBSFN subframes with normal CP length. In Figure 3a, both blue and green DMRS are needed for demodulating the R-PDSCH channel on the second slot, while R-PDCCH will apply only blue DMRS for single layer transmission on the first slot. In Figure 3b, R-PDCCH channel is transmitted by applying single layer transmission, therefore only blue DMRS are necessary and the remaining DMRS location can be reused for R-PDCCH transmission. The assumption here is that the last OFDM symbol of the backhaul subframe is available for relays [14-15].

Fig. 3. DMRS pattern for demodulating beamformed R-PDCCH transmission with normal CP length.
Table 2. Pros and cons for Option 1, 2 and 3. 
	
	Option 1                    (Reuse Rel’8 CRS)
	Option 2              (Use Unprecoded RS)
	Option 3              (Use DMRS)

	Pros
	-Rel’8 CRS are already in the non-MBSFN subframes.

-Just re-using the existing Rel’8 CRS in the MBSFN subframes.

-Same R-PDCCH RE mapping can be achieved for non-MBSFN and MBSFN subframes.
	-No additional overhead in the MBSFN subframes in case of TDM+FDM scheme.
	-Applicable when beamforming is used for R-PDCCH transmissions. 

	Cons
	-Overhead in the MBSFN subframes in case of TDM+FDM scheme.
-Not applicable when beamforming is used for R-PDCCH transmissions.
	-Definition of new unprecoded RS are needed 
-Channel estimation performance degradations in case of TDM+FDM scheme as in Fig.2
	-Not applicable when beamforming is not used for R-PDCCH transmissions.


4 Reference signals for demodulating both frequency diversity and frequency selective R-PDCCH transmissions
According to the above discussion, in order to support both frequency diversity R-PDCCH transmission and frequency selective R-PDCCH transmission with beamforming and unbeamforming, we consider two possible solutions having the combinations of the above discussed options.
· Solution 1: Reuse Rel’8 CRS and Use DMRS (Option 1 and 3)
· For Frequency diversity and unbeamformed Frequency selective R-PDCCH transmissions apply Rel’8 CRS for demodulating R-PDCCH channel in both non-MBSFN and MBSFN subframes (i.e. Option 1).

· In the MBSFN sub-frames, new Rel’8 CRS must be inserted only in the PRBs carrying R-PDCCH transmissions.
· In addition, for Frequency selective R-PDCCH transmissions where R-PDCCH channel is beamformed, use DMRS for demodulating R-PDCCH channel in both non-MBSFN and MBSFN subframes (i.e. Option 3).

· Solution 2: Use Unprecoded RS and DMRS (Option 2 and 3)
· Define new pattern that can be used for unprecoding RS, for example as shown in Fig.2 (i.e. Option 2).

· For Relays with Frequency diversity R-PDCCH transmissions and unbeamformed Frequency selective R-PDCCH transmissions, they will assume and apply unprecoded RS pattern.

· In addition, for Frequency selective R-PDCCH transmissions where R-PDCCH channel is beamformed, use DMRS for demodulating R-PDCCH channel in both non-MBSFN and MBSFN subframes (i.e. Option 3). 
  Table 3. Pros and cons for Solution 1 and 2.

	
	Solution 1                           (Option 1 and 3)
	Solution 2                          (Option 2 and 3)

	Pros
	-Less impact than solution 2 on the RS definition, implementation, and testing.
	-No additional overhead in the MBSFN subframes in case of TDM+FDM scheme.

	Cons
	-Overhead in the MBSFN subframes in case of TDM+FDM scheme.
	-Definition of new unprecoded RS are needed


In case of Solution 1 is preferred, co-existence of Option 1 and 3 in the same subframe is possible by eNB configuration of either CRS or DMRS to each Relay node in advance.
5 Conclusion
In this contribution, we have discussed the reference signals for demodulating R-PDCCH channel. It is suggested that unprecoded RS are used for demodulating Frequency diversity R-PDCCH transmissions while both precoded (DMRS) and unrpecoded RS are used for demodulating Frequency selective R-PDCCH transmissions. Our preference is as follows (i.e. Solution 1) due to reusing existing Rel’8 CRS and DMRS pattern which has less impact on the implementation and testing:
· For Frequency diversity and unbeamformed Frequency selective R-PDCCH transmissions apply Rel’8 CRS for demodulating R-PDCCH channel in both non-MBSFN and MBSFN subframes (i.e. Option 1).

· In the MBSFN sub-frames, new Rel’8 CRS must be inserted only in the PRBs carrying R-PDCCH transmissions.
· In addition, for Frequency selective R-PDCCH transmissions where R-PDCCH channel is beamformed, use DMRS for demodulating R-PDCCH channel in both non-MBSFN and MBSFN subframes (i.e. Option 3).
· eNB configures between CRS and DM-RS for a given Relay node while co-existence of both CRS and DMRS are allowed in the same subframe of the cell.
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