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1. Introduction

In RAN1#62, the following is agreed:
· For Mode 2 (non-interleaving) and Mode 1-1(interleaving):
· 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.
· 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
· Support of non-interleaving mode is mandatory for RN for both CRS based and DMRS based R-PDCCH
· No optional interleaving mode in Rel-10
R-PDCCH search space design was discussed in RAN1#62 [1][2]. In this contribution, we analyze several schemes and provide our preferences.

2. Discussion

2.1 The current typical search space design 
In [3], each RN detects DL grant and UL grant in a set of candidate PRBs, which can be configured by higher layers. Different search spaces correspond to different PRB aggregation levels, where DL grant search space and UL search space are separated. The upper limit of the PRB aggregation level of DL grant and UL grant is 4 and 2 respectively. 
For example, the set of candidate PRBs contains 6 PRBs. DL grant occupies 4 PRBs with index of {0, 1, 2, 3} and UL grant occupies 2 PRBs. If the PRB index of UL grant is a subset of DL grant’s, then UL grant’s PRB index can be {0, 1} or { 2, 3}; otherwise, UL grant’s PRB index can only be {4, 5}. 
When RN performs blind decoding, it can choose either to detect the DL grant and UL grant at the same time for less delay, or to first detect the 1st slot for DL grant and then detect the 2nd slot for UL grant. In the latter case, if UL grant search space is a subset of DL grant search space, RN can save some blind decoding for in the 2nd slot.
From the above discussion, it can be seen that the scheme is very simple which has low blind decoding complexity and can be easily implemented. However, the number of blind decoding will increase with the number of PRBs of the set of candidate PRBs which are configured by higher layers. 
In [4][5], R-CCE1 and R-CCE2 are defined and mapped into 1st slot and 2nd slot of a PRB pair, respectively, with the same mapping rule. Search space of R-CCE1 and R-CCE2 reuses Rel-8 mechanism. The number of R-CCEs in 1st slot is the same as of the 2nd slot. 
When RN performs blind decoding, it will first figure out the starting point of R-CCE1 using the similar Rel-8 mechanism to search the DL grant. Then RN will detect R-CCE2 for UL grant which has two circumstances: 1) if DL grant is assigned in 1st slot, the starting position of R-CCE2 is the same as R-CCE1 ; 2) if no DL grant is assigned in 1st slot, eNB can transmit a dummy DL grant in which the resource allocation field indicates the empty assignment. 
From the above analyses, it can be seen that the starting point of UL grant search space depends on the starting point of DL grant search space, which can potentially reduce the blind decoding complexity. However, due to the different number of resource elements in the 1st slot and 2nd slot of a PRB pair for R-PDCCH, the sizes of R-CCE1 and R-CCE2 can be quite different. Keeping the same number of R-CCEs in 1st slot as the 2nd slot will lead to the waste of resources of the 2nd slot. 
It is observed from contributions [6-13] that:
· In non-interleaving case, most companies support CCE-to-PRB mapping [6-10, 13]. 
· Most companies support the separated search space for DL grant and UL grant.

· Most companies support using similar Rel-8 mechanism to search space.
3. Our proposals
3.1 Search space in non-interleaving case
eNB would semi-statically configure a set of PRB pairs for each RN to carry R-PDCCH. 
In the case that each RN searches through PRB by PRB to find its own R-PDCCH, the search space can be defined at PRB-level. The search spaces of DL grants和UL grants are separate.
3.1.1 DL grant search spaces
Method 1: Each RN determines its own RN-specific DL grant search space based on RN ID, backhaul subframe number, PRB aggregation level and the number of PRB candidates. 
The logical numbers of RBs corresponding to DL grant candidates 
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Where 
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 is the total number of the set of RBs which is semi-statically assigned by eNB for R-PDCCH. Considering good radio conditions of backhaul link, we propose
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 can be calculated the same way as Rel-8 PDCCH where the frequency selectivity and diversity can still be exploited by localized and distributed allocation/mapping for R-PDCCH, respectively. 
Method 2: Plain PRB by PRB blind decoding
The donor eNB semi-statically configures 
[image: image7.wmf]R-PDCCH

PRB

N

 PRBs for R-PDCCH, with limited PRB-level
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. The corresponding size of DL grant search space to different value of 
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· For
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, the R-PDCCH is mapped to exactly one PRB, hence the size of DL grant search space is
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 PRBs from the lowest PRB index, one by one. 
· For
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, the R-PDCCH is mapped to two PRBs, hence the size of DL grant search space is
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. RN shall search through 1st slot of the total 
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 PRBs from the lowest PRB index at 2-PRB level.

· For
[image: image17.wmf]4

L

=

, the R-PDCCH is mapped to four PRBs, hence the size of DL grant search space is
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. RN shall search through 1st slot of the total 
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 PRBs from the lowest PRB index at 4-PRB level.
Obviously, for method 2, the number of BD for DL grant is 
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 which depends on the total number of PRBs which are semi-statically assigned for R-PDCCH by eNB. 
Of cause, if 
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 is very large, we can also limit the candidate PRBs for different level to reduce the blind decoding complexity. 

Method 3: PRB indices for each RN-specific DL grant search space can be assigned statically or semi-statically, which could be configured by higher layers.
By comparing the above three methods, we observe that:
· The blind decoding complexity of Method 3 is the lowest. 

· When 
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 is large, the blind decoding complexity of method 2 is the highest, and method 1 is between 2和3.
· When 
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 is small, the blind decoding complexity of method 1 and 2 are comparable. 
· Method 3 has the biggest limitation for two reasons. First, the PRBs for each RN’s R-PDCCH is semi-statically fixed; Second, new signaling is needed from higher layers to indicate the PRBs’ location for each RN’s R-PDDCH which requires more standardization work.
Therefore, method 1 is our preference. When
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is small, method 2 is also our preference. 
3.1.2 UL grant search spaces
UL grant can only map to the 2nd slot of a PRB pair. UL grant search space at PRB level
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 should be considered. One possible implementation would be: 
· If DL grant is detected in 1st slot of PRB pairs, the RN would search only within the PRB pairs of the DL grant to look for UL grant. 
· If no DL grant is detected in 1st slot of PRB pairs, RN can perform blind decoding on the 
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 PRB pairs’ 2nd slot for UL grant by using one of the methods in section 3.1.1. 
Based on the above analysis, in non-interleaving case, DL grant search space and UL grant search space both depend on PRB level, i.e. DL grant consists of the 1st slot of 1-PRB, 2-PRB or 4-PRB and UL grant consists of the 2nd slot of 1-PRB, 2-PRB or 4-PRB. 8-PRB can also be considered.
3.2 Search space in interleaving case
All of the DL grants are interleaved together and then mapped into the 1st slot of PRB pairs; all of the UL grants are interleaved together and then mapped into the 2nd slot of PRB pairs. 

DL grant and UL grant both have its respective search spaces. The search space candidate m 
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，same to Rel-8 mechanism.
The set of DL/UL grant candidates to monitor are defined in terms of DL/UL grant search spaces, where, for example DL grant search spaces 
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 at R-CCE aggregation level
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; UL grant search spaces 
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4. Conclusion

Based on the above analysis, we can draw the following proposals: 

· Proposal 1 - In non-interleaving case, search spaces of DL grant and UL grant are separate and independently configured.
· The BD scheme of DL grant alone and UL grant alone: method 1 is preferred, i.e. based on Rel-8 PDCCH search space design. Each RN determines its own RN-specific DL grant search space depending on RN ID, backhaul subframe number, PRB aggregation level and the number of PRB candidates. Method 2 is our second choice.
· The BD scheme of DL grant + UL grant: in the first RN shall monitor a set of DL grant candidates for DL grant by using method 1, and then RN shall monitor UL grant on the 2nd slot of the PRB pairs on which its own DL grant stands. 
· Proposal 2 - In interleaving case, all of the DL grants are interleaved together and mapped into the 1st slot of PRB pairs; all of the UL grants are interleaved and mapped into the 2nd slot of PRB pairs. Rel-8 PDCCH search space design is reused.
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