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1 Introduction

At meeting RAN1#61bis, the following was agreed for the R-PDCCH interleaving with CRS [1]:
· Rel-8 based REG-level interleaving where the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding
· A limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL)
· Exact set is FFS
· Each RN searches only one set of assigned PRBs for R-PDCCHs
· No interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)
· (same as DMRS “mode 2”)
· Optionality from implementation perspective will be discussed separately.
This agreement implies two possible modes for R-PDCCH: interleaving based R-PDCCH, and no interleaving based R-PDCCH. In this contribution, designs for the search space are presented for these two modes.
2 Search space for interleaving-based R-PDCCH
With interleaving, all R-PDCCHs can be interleaved over one control region that is separately signalled to each RN. Consequently,  large frequency diversity (FD) gain can be achieved. However, the R-PDCCH blind decoding complexity might be quite large if not properly designed, because of the large control region allocation.
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 scheduling collisions because of the possible search space overlap. For RNs, scheduling collisions are much more detrimental because they potentially affect 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 scheduling collision, 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 collision 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 is a little too high because of the exhaustive searching (see Table 1).
In order to reduce the number of blind decoding, the aggregation level can be reduced to 4: since the RN typically experiences better radio quality than a UE, restricting the maximum aggregation level should not be a problem.

Based the discussion above, we propose: 
· The search space is RN-specific and semi-statically allocated by the eNB.
· The maximum aggregation level is 4.
3 Search space for no interleaving-based R-PDCCH
For the case of no interleaving across R-PDCCHs in a PRB, R-PDCCH can be demodulated based on CRS or DMRS, and the DL grant and UL grant in a PRB pair shall be for the same RN. 

The RN shall monitor for its control information in the available DL Un subframes. The actual resource used for R-PDCCH may vary dynamically between subframes to achieve frequency-selectivity gain and frequency-diversity gain, as well as to ensure flexible scheduling of R-PDCCH, PDSCH or R-PDSCH. Thus, similar with Rel-8, the set of R-PDCCH candidates to monitor are defined in terms of search spaces.

Furthermore, the Rel-8 search space method based on the aggregation levels can be reused for no interleaving-based R-PDCCH. But the control channel element of R-PDCCH may be redefined as R-CCE based on PRB level. In particular, R-CCE can be separately defined in the first slot and second slot for DL grant search space and UL grant search space respectively. It is noted that R-CCE size may depend on the CP length, RS type, antenna port number, RS port number, and DL timing case. Alternatively, if reusing the Rel-8 CCE definition for this case, there is a waste of the REs, since the REs not used for R-PDCCH within a PRB configured for a RN can also not used for other RN, and reusing CCE also implies more complex blind detection due to both the actual PRBs and CCEs used for a R-PDCCH required to be blindly detected.

Using only common search space does not seem to be very appropriate for Mode 2, because when the search space becomes large, the number of blind decoding may become an issue. Controlling the number of blind decoding requires restricting the size of the common search space, but that reduces the frequency selectivity gains.
RN-specific search space is preferred here for R-PDCCH since it balances the number of blind decoding and the flexibility of R-PDCCH resource assignment. Both the starting position and the size of RN-specific search space can be well designed for RN-specific search space. In addition, appropriate mapping of R-CCE to PRB can help to obtain the frequency selective gain or frequency diversity gain. It is possible to have the Un DL control region to span the total DL BW. Two options are possible: 

· Option1: Reusing Rel-8 hash function by RN ID to determine the starting position of RN-specific search space at different aggregation level. Logical R-CCE n maps to the PRB index m to ensure each R-PDCCH candidate maps to the distributed PRBs according to DVRB mapping rule.
· Option2: Semi-statically configuring the starting position of RN-specific search space. Logical R-CCE n maps to the PRB index n to ensure each R-PDCCH candidate maps to the localized PRBs.

For option1, full frequency diversity gain can be ensured, but the frequency selective gain is restricted since the random DVRB position in each TTI can not ensure that the R-PDCCH is always located in the good frequency sub-carriers. For option 2, certain frequency selective gain can be achieved with RRC signalling, but the frequency diversity gain may be a little restricted as RN starting position is not random like option1. 
Based upon option1 and option2, a combined solution can be realized by allowing R-PDCCH candidate to map to either localized PRBs or distributed PRBs, and the exact mapping type can be blindly detected or configured by high layer signalling. In this case, it as following
· Option3:

· Logical R-CCE n can either map to the PRB index n to ensure each R-PDCCH candidate maps to the localized PRBs, and the starting R-CCE index of RN-specific search space is semi-statically configured, or
· Logical R-CCE n map to the PRB index m to ensure each R-PDCCH candidate maps to the distributed PRBs, and the starting R-CCE of RN-specific search space can reuse Rel-8 hash function by RN ID 

· Whether R-PDCCH candidate maps to localize PRBs or distributed PRBs can be blind detected or configured by high layer signalling.

This option ensures that either frequency selective or frequency diversity gain can be achieved. The price to pay is a doubling in number of blind decodes. This can, however, be mitigated by e.g., reducing the aggregation level, e.g. to a maximum of 4, and/or reducing the search space size. It is also possible to assume that the UL grant has the same mapping type with the DL grant. 
4 Conclusions
According to the discussions, we propose the following:

· For interleaving-based R-PDCCH
· the search space is RN-specific and semi-statically allocated by the eNB.
· The maximum aggregation level is 4
· For no interleaving-based R-PDCCH
· the start position of the RN-specific search space can be semi-statically configured or obtained through Rel-8 hash function by RN ID
· DL grant and UL grant search space for same RN shall have the same starting position
· The mapping type of R-PDCCH candidate to PRBs can be localized or distributed, and is blindly decoded. The mapping type is the same for same RN’s UL grants and DL grants.
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Appendix

Table 1 BD number for 1-region (only 1, 2-CCE assumed)
	Maximum RN number
	Maximum Required CCE number for each region
	Blind decoding number for DL grant

	
	
	Common only
	RN-specific (Rel-8) only

	16 
	32
	(32+16)x2=96
	(6+6)x2=24

	10 
	20
	(20+10)x2=60
	(6+6)x2=24

	4 
	8
	(8+4)x2=24
	(6+6)x2=24

































