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1 Introduction

In the last several meetings, some progress has been made toward the open issues relating R-PDCCH design. Currently, the remaining open issues are Interleaving, R-PDCCH placement in frequency domain and finalising R-PDCCH region size in time domain. The previous agreements are as follows:
In RAN1#59Bis, the following is agreed:
· Both frequency distributed and frequency localized R-PDCCH placement are supported.

· Both normal and MBSFN subframes are supported for the backhaul.
In RAN1#60, the following is agreed:
· Design for the WI should target only stationary Relay Nodes
· At least two receive antennas for backhaul at RN is mandatory
· For R-PDCCH (RS agreement):
· For a given RN, R-PDCCH demodulation RS type (CRS or DM-RS) shall not change dynamically nor depend on subframe type.

· Demodulate with

· In normal subframes:

· Rel-10 DM-RS when DM-RS are configured by eNB

· Otherwise Rel-8 CRS

· In MBSFN subframes, Rel-10 DM-RS

· Baseline may be modified (in relation to which OFDM symbols contain DM RS) depending on RAN4 response on the timing.
· For downlink shared data transmission on Un

· Same possibilities as for R-PDCCH
In RAN1#60Bis, the following is agreed:
· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS

The above agreements enable that frequency diversity R-PDCCH transmission (i.e. frequency distributed R-PDCCH placement) and frequency selective R-PDCCH transmission (i.e. frequency localized R-PDCCH placement) are supported in the LTE-A system. Frequency diversity transmission is important for the case of unplanned Relay nodes of unstable backhaul link, when channel state information is not available at the donor eNB and also to provide robustness against persistent interference for the R-PDCCH channel. On the other hand, Frequency selective transmission achieves frequency selective gain for Relays with stable channel condition (e.g. good LOS) where channel state information is available at the donor eNB.
Therefore, this contribution provides methods of how to support both frequency diversity and frequency selective R-PDCCH transmissions in the cell for LTE-A system (e.g. same donor eNB).
2 R-PDCCH and R-PDSCH/PDSCH Multiplexing 
For R-PDCCH region size in time domain: In the last meeting RAN1#60Bis, FDM-like scheme was agreed where DL grants are always placed in the first slot of the subframe and UL grants are placed on the second slot of the allocated PRB-pairs in the subframe. However, there are concerns when the resources on the second slot are not utilised for R-PDCCH transmission, would these resources be applied to R-PDSCH or not. This issue is discussed in our accompanying contribution in [14].
For R-PDCCH placement in frequency domain: we think that there are three possible options described below.  
A) Distributed placement where the R-PDCCH for a particular relay is distributed on two or more well-separated PRBs (note: PRB means as defined in TS 36.211) which are shared by one or more relays. This option achieves frequency diversity gain. 
B) Localised placement where the R-PDCCH for a particular relay is placed on contiguous or very close PRBs which are not shared with other relays. This option achieves frequency selective gain.
C) Both distributed and localised placements of the R-PDCCH transmission. 
In RAN1#59Bis, Option C has been agreed.
We note that on the R-PDCCH region point of view in frequency domain (i.e. semi-statically assigned PRB-pairs), we prefer that the R-PDCCH region is distributed in frequency domain as a baseline for all options achieving their frequency diversity gain and frequency selective gain. 

For Interleaving in a PRB pair: we think that there are three possible options of:

a) Interleaving where all R-PDCCHs for different relays on each slot of the subframe are interleaved together in the current backhaul subframe. Namely R-PDCCHs on the first slot are interleaved separately while R-PDCCHs on the second slot are interleaved separately due to the requirement of early decoding for the DL grants always locating in the first slot of the backhaul subframe based on the agreements of RAN1#60bis. The unit size of interleaving can be resource-element group (REG) similar to Rel’8 PDCCH interleaving or control channel element (CCE).

b) No interleaving where all R-PDCCHs for different relays are not interleaved on each slot of the subframe in the current backhaul subframe. 

c) Mixed case of interleaving and no-interleaving where some R-PDCCHs for different relays are interleaved together and some R-PDCCHs for other relays are not interleaved.
Our preference is to support “mixed case of interleaving and no-interleaving” (i.e. option c), and we will discuss the motivation of that in the coming sections.
3 Frequency diversity R-PDCCH transmission
In Frequency diversity (FD) R-PDCCH transmission, the R-PDCCHs on the first slot of the subframe for different relays can be multiplexed and interleaved and mapped to all or subset of semi-statically assigned PRBs for R-PDCCH transmission shown on Fig.1a as A+B+C+D below. Similarly, the R-PDCCHs on the second slot of the subframe for different relays can be multiplexed and interleaved and mapped to all or subset of semi-statically assigned PRBs for R-PDCCH transmission shown on Fig.1a as A+B+C+D below. Please note that the interleaving in the first and second slots are independent due to the requirement of early decoding for the DL grants locating in the first slot of the backhaul subframe.

This FD R-PDCCH transmission is the case of selecting option A) for R-PDCCH placement in frequency domain and option a) for Interleaving described in the previous section 2. The main motivation is to achieve robustness against interference and channel fluctuations for unstable backhaul link. This FD R-PDCCH transmission has the following characteristics:  
· PRBs semi-statically assigned to R-PDCCH transmission can be shared by some or all relays.
· All interleaved resources (PRBs) for FD R-PDCCH transmission are occupied even if the number of Relays is small. 
· Precoding / beamforming can not be applied for FD R-PDCCH transmission.

· Allocated PRBs are well-separated (i.e. frequency distributed) to achieve frequency diversity gain.

· Common RS (CRS) can be used to demodulate the FD R-PDCCH. 
· Dynamic selection of PRBs (i.e. number of PRBs and placement in frequency domain) for FD R-PDCCH transmission is possible in each subframe.
· This is suitable for both fixed and mobile relays.

4 Frequency selective R-PDCCH transmission
The Frequency selective (FS) R-PDCCH transmission is the case selecting of option B) for R-PDCCH placement in frequency domain and option b) for Interleaving described in the previous section 2. It is based on the feedback from the Relay (CQI, etc.). The motivation is to achieve frequency selective gain by placing each Relay’s R-PDCCH on the PRB-pairs with good channel conditions within the semi-statically assigned PRB-pairs for R-PDCCH transmission shown on Fig.1b as A, B, C, D below. This FS R-PDCCH transmission has the following characteristics:  

· PRB-pairs assigned to each relay are not shared with other relays.
· The resources (PRB-pairs) not used for FS R-PDCCH transmission can be reused for R-PDSCH and Rel’8 UE’s PDSCH transmission particularly if the number of Relays is small. 
· CQI feedback is used to select the best PRB-pairs from the semi-statically assigned PRB-pairs for FS R-PDCCH transmission.

· Precoding / beamforming can be applied for FS R-PDCCH transmission.

· Precoded DM-RS or Common RS (CRS) can be used to demodulate the FS R-PDCCH.

· Allocated PRB-pairs can be contiguous or separated.
· Dynamic selection of PRB-pairs (i.e. number of PRB-pairs placement in frequency domain) for FS R-PDCCH transmission is possible in each subframe.
· This is mainly suitable for fixed relays and mobile relays with low mobility.

As mentioned in section 1, we think that the deployment scenarios at the initial stage of Rel’10 will be mainly based on fixed relay nodes, so the Frequency selective (FS) R-PDCCH transmission will have some feasibility.
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  Fig.1 Examples of FD and FS R-PDCCH transmissions. (A-D means each Relay, “+” means being interleaved)
Table 1. Summary of characteristics for FS and FD R-PDCCH transmissions
	 Characteristics
	Frequency selective R-PDCCH transmission
	Frequency diversity  R-PDCCH transmission

	One PRB-pair shared by more than one Relay Node (Interleaved together or not)
	No
	Yes

	Flexibility for sharing between R-PDCCH and R-PDSCH / Rel’8 UE’s PDSCH
	High (Pros.)
	Low (Cons.)

	CQI feedback is necessary to select the best PRB-pairs for R-PDCCH transmission
	Yes
	No

	R-PDCCH precoding / beamforming is possible
	Yes (Pros.)
	No (Cons.)

	Dynamic selection of PRB-pairs for R-PDCCH transmission 
	Yes
	Yes

	Suitable for 
	Fixed relays and mobile relays with low mobility (Cons.)
	Both fixed and mobile relays (Pros.)


5 How to support both FD and FS R-PDCCH transmissions in the system
As discussed in section 3 and 4 above, both FD and FS R-PDCCH transmissions exhibit characteristics that are important for reliable reception of the R-PDCCH. Therefore, from L1 perspective, it is preferable both FD and FS R-PDCCH transmissions to be supported at early stage of the Relay specification development. So we prefer the option C) for R-PDCCH placement in frequency domain and option c) for Interleaving described in the previous section 2. Next, we discuss possible options for supporting both FD and FS R-PDCCH transmissions in the system (e.g. same donor eNB).
Option 1: Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions are not supported in the same cell.
· Small impact for the specification. For example, in cell specific mapping, 1 bit can be added in the system information.
· No flexibility for co-existence of Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions in the cell.
Option 2: Both Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions are supported in the same cell, but not in the same subframe.
· eNB will apply TDM multiplexing into different subframes for Frequency diversity and Frequency selective R-PDCCH transmissions. 

· Relay will be informed from higher layers in semi-static manner about which of these two R-PDCCH transmissions to monitor. 

· Relay will monitor its R-PDCCH in all the backhaul subframes regardless whether the subframe carries the Frequency diversity R-PDCCH and Frequency selective R-PDCCH and if it is not scheduled the decoding will fail anyway.

Option 3: Both Frequency diversity and Frequency selective R-PDCCH transmissions are supported in the same cell and in the same normal subframe as shown on Fig.2 below.
· eNB will use FDM multiplexing in the same normal subframe and TDM multiplexing into other subframes for Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions. 
· Same as Option 2, Relay will be informed from higher layers in semi-static manner about which of these two R-PDCCH transmissions to monitor. 

· Relay will monitor its R-PDCCH in all the backhaul subframes and if it is not scheduled the decoding will fail anyway.

Fig.2 Example of co-existence of FD and FS R-PDCCH transmissions in the same normal subframe.     (A-E means each Relay, “+” means being interleaved)
Among above three options, Option 1 is least preferred as it can not support both FD and FS R-PDCCH transmissions in the same cell. From the remaining two options, Option 3 is preferable due to flexible multiplexing and co-existence of FD and FS R-PDCCH transmissions in the same normal backhaul subframe of the cell.
6 Conclusion
In this contribution, we have discussed the motivation and methods of supporting both frequency diversity and frequency selective R-PDCCH transmissions in the system (e.g. same donor eNB). The following three methods/options were identified:

Option 1: Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions are not supported in the same cell.
Option 2: Both Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions are supported in the same cell, but not in the same subframe.
· eNB will apply TDM multiplexing into different subframes for Frequency diversity and Frequency selective R-PDCCH transmissions. 

Option 3: Both Frequency diversity and Frequency selective R-PDCCH transmissions are supported in the same normal subframe and in the same cell.

· eNB will use FDM multiplexing in the same normal subframe and TDM multiplexing into other  subframes for Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions. 

We propose to support both Frequency diversity R-PDCCH and Frequency selective R-PDCCH transmissions in the same normal subframe and in the same cell (i.e. Option 3) due to flexible multiplexing.
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