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1 Introduction

This contribution discusses interleaving of R-PDCCH transmission, which have been actively discussed in the last RAN1#61 meeting and on the email reflector, based on the way forward proposal [1]. REG-level interleaving, PRB-level interleaving and no interleaving are considered as candidate modes. In deciding which modes are required, issues such as minimizing specification efforts, support of localized and distributed transmission, demodulation RS type (CRS and DRS) and resource fragmentation need to be taken into account. This contribution presents our view on R-PDCCH interleaving and on which mode should be supported.
2 R-PDCCH interleaving
2.1 Need for R-PDCCH interleaving
Interleaved transmission of PDCCH has been an important aspect in LTE Rel-8/9, to support reliable detection of PDCCH and provide robustness against frequency selective fading and inter-cell interference. With the REG-level interleaving, one CCE is divided into multiple REGs and scattered over the whole DL transmission band. This provides high level of diversity for PDCCH and interference randomization from other PDCCH transmission from neighboring cells. In case of R-PDCCH, it will be transmitted in PDSCH region within a set of semi-statically assigned PRBs and interference level from other cell will vary PRB by PRB. Then, diversity transmission can be useful for R-PDCCH even in cases Un link has an LOS path. Furthermore, R-PDCCH transmission should be able to provide a similar diversity order regardless of the aggregation level of R-PDCCH, as the Rel-8/9 interleaving for PDCCH. Although the donor eNB can assign scattered PRBs for frequency diversity transmission of R-PDCCH, total amount of resources used for one R-PDCCH transmission can be different depending on the aggregation level. For example, in case of aggregation level 1, frequency diversity transmission is impossible without adopting interleaving of resources from the pre-configured PRBs.  
2.2 Interleaving modes

Three interleaving modes (Mode 1-1, 1-2 and 2) has been mainly considered for R-PDCCH interleaving with CRS. Mode 1-x uses REG-level interleaving and allows multiplexing different R-PDCCHs within a PRB. On the other hand, Mode 2 uses PRB-level interleaving (or no interleaving) with sending only a single R-PDCCH in a PRB. With REG-level interleaving for R-PDCCH, Rel-8 PDCCH interleaving can be reused, allowing for minimizing standardization efforts. In case of Mode 2, Rel-8 VRB-to-PRB mapping rule of PDSCH can be reused to support both frequency diversity and localized transmission of R-PDCCH.
· 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 1-1 can reuse Rel-8 PDCCH REG-level interleaving as much as possible, resulting to minimization of standardization efforts. One difference is that there can be two different interleaving operations: “fully interleaved” and “partial interleaved”. With “fully interleaved” mode, all RNs attached to a donor cell use the same single set of semi-statically assigned PRBs and R-PDCCHs for the respective RNs will be interleaved within the set. With “partial interleaved”, each RN will be assigned a subset of the semi-statically assigned PRBs, as “virtual system bandwidth”, among multiple subsets configured by the donor eNB, and R-PDCCHs for the respective RNs will be interleaved only within the subset. There is actually no fundamental difference between the two approaches in RN operation perspective. Each RN will assume the configured PRBs as “virtual system bandwidth” though in reality it is a subset of the total resources configured by the donor eNB. The donor eNB can configure (a subset of) PRBs so as to guarantee a similar diversity order between R-PDCCHs for different RNs. Mode 1-1 can easily support a similar and robust diversity order regardless of the aggregation level of R-PDCCH, unlike Mode 2.
· 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.   

With Mode 1-1, it can occasionally happen that the R-PDCCHs do not use up the whole REs existing in the semi-statically assigned PRB and the unused resources cannot be utilized for R-PDSCH/PDSCH transmission. To improve resource utilization efficiency, Mode 1-2 allows configuring multiple subsets for R-PDCCH transmission to a RN. With this approach, the corresponding RN needs to perform blind decoding in multiple subsets to find its R-PDCCHs and this will increase the total number of R-PDCCH blind decoding. As Mode 1-2 allows multiple subsets of PRBs for each RN, it is possible that a certain subsets are used for distributed transmission of R-PDCCH and the other subsets for localized transmission. However, if RN has multiple different subsets and different modes of R-PDCCH transmission can be applied in respective subsets, the whole deinterleaving and blind decoding operations can get quite complicated. 
· Mode 2: no interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)
As well as distributed transmission of R-PDCCH in CRS mode, support of localized transmission is important and will be quite useful in many scenarios. One typical example is when the donor eNB can have good knowledge of the channel status in frequency domain for a RN and transmission of DRS is not possible as in MBSFN subframes. As similar to VRB-to-PRB mapping of PDSCH transmission, Mode 2 can adopt PRB-based diversity and localized transmission, giving the advantage of simple design for both CRS and DRS mode. However, with PRB-based diversity transmission, it requires very low code rate to guarantee sufficient diversity for R-PDCCH to well combat frequency selectivity and inter-cell interference. Very low code rate transmission of R-PDCCH can result in significant waste of Un resources considering that Un link provides quite reliable channel condition in most cases. 
3 Conclusion

In order to well support both frequency diversity and frequency localized transmission for R-PDCCH in CRS mode as discussed above, we prefer both Mode 1-1 (or 1-x) and Mode 2 are supported for R-PDCCH in CRS mode. As Mode 2 will be supported for R-PDCCH in DRS mode and LTE PDCCH interleaving design can be mostly re-used for Mode 1-1, the additional complexity to support the both modes will be minimal. Which interleaving mode is used for respective RNs can be RRC configured in a RN specific way when each RN is attached to a donor eNB and initially configured.
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