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1 Introduction

R-PDCCH interleaving with CRS [1-2] has been discussed since last meeting. Several detailed modes of interleaving have been identified in the email discussions before RAN1#61bis. In this contribution, we show our view on interleaving of CRS based R-PDCCH. 
Throughout this paper, REG-level interleaving is used to describe Rel-8 based REG-level interleaving across different R-PDCCHs in a PRB and PRB-level interleaving is used to describe no interleaving across R-PDCCHs in a PRB. The set of semi-statically assigned PRBs for R-PDCCH is referred to as R-PDCCH region.
2 REG-level interleaving vs. PRB-level interleaving
In contrast to R-PDCCH with DM-RS, beamforming cannot be applied to R-PDCCH with CRS. Thus frequency and interference diversity is essential to R-PDCCH with CRS in order to attain robust performance.
Distributed allocation with PRB-level interleaving can obtain the diversity gain. It, however, requires low code rates of R-PDCCH, i.e. aggregation level of R-PDCCH should be greater than or equal to 2. This method could lead to resource wastage given that the probabilities of R-PDCCH CCE aggregation levels 1, 2 and 4 are 0.8, 0.15 and 0.05, respectively [3].
On the other hand, it is possible to obtain the diversity gain with high code rates of R-PDCCH by REG-level interleaving regardless of distributed or localized allocation. Furthermore, REG-level interleaving is useful in terms of packing efficiency especially to the second slot of R-PDCCH region give that the number of REs for R-PDCCH in the second slot of a PRB is about 2 CCEs, i.e. 72 REs [4]. 
Based on the above discussions, we propose the following:

Proposal 1:

· Adopt REG-level interleaving to R-PDCCH demodulated by CRS.
3 REG-level interleaving modes
Followings are the detailed modes of REG-level interleaving which has identified in the email discussion:
· Mode 1-1: pure Rel-8 based REG-level interleaving where the set of semi-statically assigned PRBs determines the "virtual system bandwidth" used for blind decoding.
· Mode 1-2: Rel-8 based REG-level interleaving where the "virtual system bandwidth" used for blind decoding is determined by the entire set plus one or more subsets of 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 1-1 and Mode 1-2 are simple to specify, implement and test. Interleaving over variable “virtual system bandwidths” in Mode 1-2 can be easily specified by reusing Rel-8 REG-level interlever since the Rel-8 REG-level interleaver was designed to support scalable bandwidth. On the other hand, partial interleaving in Mode 1-3 is not fully specified in the Rel-8, though REG-level interleaving over partitions can reuse Rel-8 REG-level interleaver, so that more standardization work is expected.
It is well-known that backhaul link is the bottleneck in the system performance of the RNs. It is crucial not to waste backhaul resources in order to achieve high spectral efficiency of backhaul link. When R-PDCCH region is not fully occupied by R-PDCCHs, R-PDCCH region can be efficiently used to transmit PDSCH for macro-UEs and RNs by varying the size of “virtual system bandwidth” and by varying the number and/or size of partitions used for R-PDCCHs in Mode 1-2 and Mode 1-3, respectively. Moreover, Mode 1-2 and Mode 1-3 support separate REG-level interleaving for each slot of R-PDCCH region. On the other hand, Mode 1-1 wastes resources since R-PDCCH region cannot be used to PDSCH transmission. 
Mode 1-2 and Mode 1-3 would require more trials of blind decoding than Mode 1-1. The exact number of blind decoding trials depends on the number and size of virtual system bandwidth and partitions in Mode 1-2 and Mode 1-3, respectively. The complexity of blind decoding could be reduced and managed by adopting RN-specific search space.
The above discussions are summarized in the Table 1 as follows:
Table 1: Comparison of REG-level interleaving modes
	
	Mode 1-1
	Mode 1-2
	Mode 1-3

	Impact on standard, implementation and testing 
	Reuse Rel-8 PHY,
Minimum impact
	Reuse Rel-8 PHY,
Minimum impact
	New PHY design necessary,
Large impact

	Resource utilization
	Bad
	Good
	Good

	Complexity of blind decoding
	Low
	High
	High


Proposal 2-3:

· Support Mode 1-2, i.e. Rel-8 based REG-level interleaving where the "virtual system bandwidth" used for blind decoding is determined by the entire set plus one or more subsets of semi-statically assigned PRBs.
· RN-specific search space can be considered to reduce the complexity of blind decoding.
4 Conclusion 

We have discussed several aspects of interleaving of CRS based R-PDCCH. Our proposals are as follows:
· Adopt REG-level interleaving to R-PDCCH demodulated by CRS.
· Support Mode 1-2, i.e. Rel-8 based REG-level interleaving where the "virtual system bandwidth" used for blind decoding is determined by the entire set plus one or more subsets of semi-statically assigned PRBs.
· RN-specific search space can be considered to reduce the complexity of blind decoding.
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