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1 Introduction

At meetings RAN1#60bis and RAN1#61, a lot of decisions were made on the R-PDCCH design, notably the time-multiplexing of the DL grants, UL grants and data. However, many decisions still need to be made, such as which interleaving scheme to use, what frequency mapping, etc. In this contribution, we present a high-level description of the R-PDCCH covering the aspects not yet discussed or agreed on in RAN1.
2 Frequency Selective or Frequency Diversity Transmission

Whether to use frequency selective or frequency-diversity transmission for the R-PDCCH is currently under discussion. Three options are possible:

1. Use frequency-diversity transmission and rely on the CRS only

2. Use frequency-selective transmission and rely on CRS

3. Use frequency-selective transmission and rely on DMRS

These three solutions have their pros and cons. Option 3 needs to be supported when Un subframe is configured as MBSFN subframe. Option 2 needs the knowledge of channel quality and the feedback is limited by practical factors: the channel may be unknown or varying, there are quantization or feedback errors etc. 
For robustness, option1 FD must to be supported as the baseline since it does not require feedback and is the simplest transmission mode. It can reuse Rel-8 tecniques, with diversity gain, is simple for testing and implementation. Furthermore, it performs quite well, compared with the localized transmission [1].
Based on the above, we propose the following:

· Frequency-diversity transmission relying on CRS only is the baseline transmission mode

· Frequency-selective transmission using DMRS is supported. 
3 Rate matching for R-PDCCH
In a companion contribution [2], we discussed the merits of using rate-matching on the R-PDCCH to avoid resource wastage. The analysis clearly concluded that rate-matching was beneficial. Therefore, we propose the following:
· Rate-matching is supported on the R-PDCCH in order to avoid resource wastage
· Exact rate-matching scheme FFS
4 Interleaving Scheme for the R-PDCCH
Three different interleaving schemes are currently discussed as shown in table1: 
Table 1 Mode comparison for CRS based R-PDCCH
	
	Mode 1-1: 
pure Rel-8 based REG-level interleaving where the set of semi-statically assigned PRBs determines the bandwidth used for blind decoding.
	Mode 1-2: 
Rel-8 based REG-level interleaving where the bandwidth used for blind decoding is determined by the entire set plus one or more subsets from the semi-statically assigned PRBs.
	Mode 1-3:  
Rel-8 based REG-level partial interleaving where the bandwidth used for blind decoding is determined by one or more partitions within a set of semi-statically assigned PRBs and each partition is separately interleaved.


	Mode 2: 
no interleaving across R-PDCCHs in a PRB.

	Pros:
	Rel-8 based, simple to specify, frequency diversity with high code rates possible
	efficient re-use of unused R-PDCCH PRBs for data transmission, frequency diversity with high code rates possible
	re-use of unused partitions of R-PDCCH PRBs for data transmission, frequency diversity with high code rates possible
	re-use of unused R-PDCCH PRBs for data transmission, same approach as for DMRS

	Cons:
	entire set of pre-configured "R-PDCCH PRBs" blocked from data transmission
	increased number of blind decodes compare to other modes
	at least one partition  pre-configured for "R-PDCCH PRBs" blocked from data transmission, increased number of blind decodes compare to Modes 1-1 and 2.
	frequency diversity requires low code rates.


Our preference is for mode 1-2 because the RN will be connected to the power grid. As a result, unlike the UE where power consumption is a real concern, RN power consumption is not a big issue. Furthermore, the additional computation power needed comes at a very cheap price. Thus, it’s reasonable to relax the maximum BD number of RN to some extent.
5 Frequency Mapping of the R-PDCCH

As discussed earlier, frequency-diversity transmission using CRS should be supported as the baseline due to its robustness and simplicity. Since frequency diversity needs to be captured, an easy way to achieve this is to use the DVRB mapping of Rel-8. The frequency mapping of such a scheme is described in [3]
Based on the results of this contribution, the following is proposed:

DVRB should be used on the R-PDCCH to pick up frequency diversity gain.
6 Conclusions
An overview of the high-level R-PDCCH design was presented. We propose to agree on the following:
· Frequency-diversity transmission relying on CRS only is the baseline transmission mode
· Rate-matching is supported on the R-PDCCH in order to avoid resource wastage
· Exact rate-matching scheme FFS
· Mode 1-2 for R-PDCCH with interleaving should be supported

· DVRB should be used on the R-PDCCH to pick up frequency diversity gain.
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