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1 Introduction
At meeting RAN1#62, the following was agreed for the R-PDCCH interleaving [1]:
· Support of “no interleaving across R-PDCCHs in a PRB” is mandatory for RN for both CRS based and DM-RS based R-PDCCH design.

· No optional interleaving modes are supported in Rel-10.
· For Mode 2 and Mode 1-1*:

· For R-PDCCH, the REs in a PRB for R-PDCCH should discount at least those used for CRS and/or CSI-RS.
· Baseline is that R-PDCCH uses QPSK with the same Rel-8 convolutional coding.
· For Mode 1-1*:
· The same Rel-8 CCE is used, i.e. 9 REGs
· The same Rel-8 REG design should be used, i.e. in frequency domain in one OFDM symbol
However, some details still need further study for interleaving based R-PDCCH and no interleaving based R-PDCCH, such as resource allocation, reconfiguration and so on. In this contribution, we discuss these search space related topics. 
2 Search space Structure 
In Rel-8, the UE always performs blind decoding for PDCCH detection in both the UE-common and the UE-specific search spaces with limited candidate number for each aggregation level. Within one control region size for fixed scheduled UE number, the Rel-8 UE-specific search space may cause blocking because of the possible search space overlap. For RNs, blocking is more detrimental than for UEs because it potentially affects more than one user. Thus, search space, blind decoding, control region size and resource efficiency should be carefully and jointly designed for R-PDCCH. Two solutions are possible:

1. RN-specific search space: This result in a limited number of blind decoding because of the limited candidate number at the cost of possible blocking, especially for higher CCE level (i.e. 2, 4 and 8). Fortunately, for backhaul link with good geometry, low-level CCE resource is allocated with high probability (e.g. the results in [3] showed that 1 CCE is used with 97% probability) and the blocking seems to be slight. 

2. RN-common search space: this mitigates the problems of RN-specific search space but needs more blind decoding. Especially for large control region sizes, the blind decoding complexity may be too high because of the exhaustive searching.

Based the discussion above, we propose: 
· The search space is RN-specific and semi-statically allocated by the eNB.
3
R-PDCCH Resource allocation

In this section, we further discuss the resource allocation for distributed and localized R-PDCCH with type 2 resource allocation.

For the interleaving based R-PDCCH, the search space allocation can be very simple and can consist in one set of consecutive VRBs. Two consecutive VRBs mean two VRBs having consecutive indexes, so these two VRB are not next to each other in the physical space. Signaling this region is very simple and can be done by sending the first VRB index and the search space size (in terms of number of RBs).

For non-interleaved R-PDCCH, the search space can be defined similarly as for the interleaved case, but the search space may be defined either in terms of consecutive VRBs or consecutive PRB pairs in case frequency selectivity is desired. Note that for non-interleaved R-PDCCH, some robustness is needed because not detecting the R-PDCCH is catastrophic. Thus, capturing frequency diversity is needed for most of the cases, and using VRBs is the easiest way to capture it. The signalling of the search space can then be done similarly than for the interleaving-based search space, either in terms of VRBs or PRBs.

Let assume that the search space consists of a block of NRB RBs numbered from 0 to NRB. Note that these RBs do not necessarily need to be contiguous, although, at least for the non-interleaved case, there is no real benefit of having a non-contiguous search space. Within this RN-specific search space, we can semi-statically allocate starting RB points for each aggregation level L using the same algorithm as in rel-8 using NRB instead of NCCE,k.
Once the starting point is obtained, the candidate set needs to be defined slightly differently than for rel-8: for localized transmission, it makes sense to use resources that are close to each other in frequency. For aggregation level L, L consecutive resources originating at the starting point define the candidate set. 
Based the discussion for R-PDCCH resource allocation, we propose the following:
· The starting point for each candidate set in the search space uses the rel-8 mechanism

· For aggregation level L, L consecutive resources (VRBs or PRBs) originating at the starting point define the candidate set
3 Conclusions
According to the discussions, we propose the following:

· The search space is RN-specific and semi-statically assigned by the eNB

· The search space is defined either in terms of VRBs or LRBs

· The starting point for each candidate set in the search space uses the rel-8 mechanism

· For aggregation level L, L consecutive resources (VRBs or PRBs) originating at the starting point define the candidate set
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