3GPP TSG-RAN1#63
             R1-105953
15th – 19th November, 2010
Jacksonville, US
Source:              New Postcom
Title:  
Remaining issues on R-PDCCH search space 
Document for:        Discussion and decision
Agenda Item:         6.6.1
1 Introduction

In RAN1 62bis, the following is agreed:
· For non-interleaving R-PDCCH 

· One set of R-PDCCH VRBs for DL grants and UL grants is semi-statically configured by higher layers on a RN specific basis

· The R-PDCCH VRBs are indexed by VRBR-PDCCH(n) for n = 0, 1, …, N-1, where N is the number of R-PDCCH VRBs

· The possible values of N is FFS

· Rel-8 resource allocation types 0, 1 and 2 supported for R-PDCCH VRB set assignment

· DeNB can configure multiple RNs to share the same set of R-PDCCH VRBs

· In each slot within the configured VRB set, M(L) R-PDCCH candidates are defined for aggregation level L, where R-PDCCH candidate m (for m = 0, 1, …, M(L)-1) at aggregation level L comprises L R-PDCCH VRBs with indices of 

· (L * m + i) mod N, where i = 0, 1, …, L - 1

· Possibility of an additional semi-static offset to the starting position is FFS

· Working Assumption that the Rel-8 hashing function is not used

· For RA types 0, 1 and 2, Rel-8 LVRB supported for R-PDCCH VRB to PRB mapping

· For RA type 2, Rel-8 DVRB supported for R-PDCCH VRB to PRB mapping, with slot hopping removed
· For case of RA type 0 with RBG size of 3: FFS whether the number of used PRBs per RBG is 2 or 3
· Baseline for supported R-PDCCH aggregation levels L = {1, 2, 4, 8}

· FFS on number of R-PDCCH candidates M(L)

For REG-level interleaved R-PDCCH, the agreements are:
· Separate search space for DL grants and UL grants
· Rel. 8 PDCCH search space design is reused

· The set of CCEs corresponding to DL/UL grant candidate m of the grant search space 
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: total number of CCEs, j=0 (DL) or 1 (UL), derived based on RN-specific semi-static R-PDCCH configuration (resource allocation type 0/1/2 of Rel-8)
· Only RN specific search space is supported with 
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{1, 2, 4, 8}

· Number of candidates FFS

· Yk : determined by the same Hashing function as Rel-8

There are still some remaining issues for the search space design of R-PDCCH, so, in this contribution, we will focus on the offset for the non-interleaving R-PDCCH, the CCE, the aggregation level, the candidates of the interleaved R-PDCCH, and so on.
2  Discussion

2.1  Non-interleaving R-PDCCH search space
For non-interleaving R-PDCCH, the remaining issue is about the offset to the starting position. For the reason that the R-PDCCH for different RNs are independently configured, so different RNs can be configured different starting position to avoid confliction. In another work, although different RNs may share the same space, the confliction among different RNs can be solved by independently configuration, and there is no need for the offset to the starting position. So here comes our proposal:

Proposal 1: For non-interleaving R-PDCCH, offset to the starting position is unnecessary.

2.2  REG-level interleaving R-PDCCH search space

For REG-level interleaving mode, the resource allocation unit is CCE. Each CCE contains 9 REGs, and each REG contains 4 REs, which is among one slot, four subcarriers.
As agreed previously, the DL grant only exists in the first slot of the PRB, and the UL grant only exists in the second slot of the PRB. For the DL only case, the second slot is used for (R-)PDSCH transmission; for the UL only case, the first slot will not be used for data transmission; for the DL only and UL only case, the two slots are responsible for different things. In a word, the first slot and the second slot of the PRB can be treated individually. Meantime, separate search space for the DL grant and UL grant has been agreed in the 62bis RAN1 conference, so we propose that the number of blind decoding is for each slot, not for each PRB.
Proposal 2: The complexity of blind decoding is calculated per slot.

For each slot, there need two DCI formats: one is the default mode, the other is related to the transmission mode, such as the antenna number, the channel condition, etc. Considered that the aggregation level has been approved as 1,2,4,8, which is the same as that of Rel-8, and there are two different DCI formats to blind decoding, so we propose that the candidates for each aggregation is 8,4,2,1, which can be shown in table 1.
Table 1 Candidates of each aggregation level

	Aggregation level
	Candidates of the aggregation level

	1
	8

	2
	4

	4
	2

	8
	1


For this kind of design, the total number of blind decoding can be calculated as:

(8+4+2+1)*2=30

As can be seen, the total bind decoding complexity is comparable with 44, which is the bind decoding complexity of Rel-8. Another advantage of the (8,4,2,1) candidates design is that the total resource allocated are the same for each aggregation level, so for different aggregation level, there won’t be resource waste.
Another point need to be noted is that this kind of design is also suitable for the non-interleaving mode. The difference between the non-interleaving and REG-level interleaving is the unit of resource allocation, one is PRB, and the other is CCE. One means the localized resource allocation and the other is distributed resource allocation.
Proposal 3: For non-interleaving and REG-interleaving mode, the candidates for aggregation level 1,2,4,8 are 8,4,2,1, respectively.

3  Conclusion

In this contribution, we analyzed the remaining issues for the R-PDCCH search space. For the non-interleaving mode, about the offset to the starting position of the allocated resource, our proposal is:
Proposal 1: For non-interleaving R-PDCCH, offset to the starting position is unnecessary.

For the REG-level interleaving mode, about the bind decoding and the candidates of every aggregation level, our proposals are:

Proposal 2: The complexity of blind decoding is calculated per slot.

Proposal 3: For non-interleaving and REG-interleaving mode, the candidates for aggregation level 1,2,4,8 are 8,4,2,1, respectively.
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