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1 Introduction

In RAN1#62bis, the following was 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)

Further, during the email discussion following RAN1#62bis, the following was agreed in [1]:

· For non-interleaving R-PDCCH (Mode 2)

· RN monitors the following DCI formats in the first slot

· DCI format 1A  and 

· A TM dependent DL DCI format 

· RN monitors the following DCI formats in the second slot

· DCI format 0 and 

· A TM dependent UL DCI format if RN supports that TM. 

· The number of blind decodings (BDs) is based on per slot.

· Number of R-PDCCH candidates M(L) monitored by the Relay node is taken from one of the following options (A-D): 
	Agrregation level (L)
	Option A
	Option B
	Option C
	Option D

	
	Size [in PRBs]
	Number of R-PDCCH candidates M (L)
	Size [in PRBs]
	Number of R-PDCCH candidates M (L)
	Size [in PRBs]
	Number of R-PDCCH candidates M (L)
	Size [in PRBs]
	Number of R-PDCCH candidates M (L)

	1
	16
	16
	12
	12
	6
	6
	8
	8

	2
	16
	8
	12
	6
	12
	6
	8
	4

	4
	16
	4
	12
	3
	8
	2
	8
	2

	8
	16
	2
	8
	1
	16
	2
	8
	1


· One option to be chosen at RAN1#63.
In this contribution, we discuss some remaining aspects.
2 Discussion
As noted above, it has been agreed that two types of DCI formats are supported respectively for DL grant carried in the first slot and UL grant carried in the second slot. At the same time, because the blind decoding of R-PDCCH is agreed to be carried out on a per-slot basis, the maximum number of R-PDCCH blind decodings in a subframe is the sum of the blind decodings in the 1st slot and the 2nd slot and is therefore likely to be greater than the  44 PDCCH blind decodings per subframe defined in Rel-8. (Note that for Rel-10 with UL MIMO, this is increased to 60 blind decodings per subframe.)
The number of blind decodes per subframe for each of the 4 options given above is as follows:

	Option
	Max blind decodes per slot 

	A
	60

	B
	44

	C
	32

	D
	30


Option B keeps the same number of blind decodes per slot as the number per subframe in Rel-8.
The backhaul link is expected to be typically in good geometry, and QPSK has been agreed as the baseline for R-PDCCH transmission, hence most RNs are likely to use low R-PDCCH aggregation levels (e.g., aggregation level 1 and 2). It is desired that the number of R-PDCCH candidates for lower aggregation levels shall be sufficient. A large number of R-PDCCH candidates for lower aggregations allows the DeNB to assign the same set of VRBs for multiple RNs’ R-PDCCH with sufficient scheduling flexibility to eliminate possible collisions between the overlapping search spaces of multiple RNs. Meanwhile, for the same reason, aggregation level 8 seems to be unnecessary in most cases, so it would be beneficial to configure less PRBs for aggregation level 8. Option B is consistent with these considerations.
In view of the fact that the number of BDs may be further increased due to new features in later releases, Option A which needs the largest number of candidates does not seem appropriate for the R-PDCCH search space. Moreover, there seems to be no strong motivation to align the number of R-PDCCH candidates with the Rel-8 PDCCH UE-specific search space as proposed in Option C, since there is no common search space for the RN. Finally, we believe that Option D unnecessarily limits the number of search space options and hence the scheduling flexibility for the DeNB. 
We therefore consider that the numbers of R-PDCCH candidates proposed by Option B is acceptable.

Proposal 1: The numbers of R-PDCCH candidates proposed by Option B is supported.

R-PDCCH is multiplexed together with PDSCH for UEs in the DeNB cell and PDSCH for the RN(s) in the data region of the backhaul subframes. Meanwhile, it has been agreed in the previous meetings that in the DL grant only case, the PRB in the second slot of the PRB pairs can be used to transmit PDSCH to RNs. In order to give the DeNB a useful additional freedom to effectively allocate PRB resources to R-PDCCH and data, we can see the value of allowing a semi-static offset to be configured for the starting point of the R-PDCCH search space as proposed in RAN1#62bis.

Proposal 2: A semi-static offset is adopted to indicate the starting point of the R-PDCCH search space.
When the PRBs of the R-PDCCH search space are indicated sequentially with a granularity of 3PRBs (i.e. RBG size = 3 PRBs) for the case of RA type 0, several candidates of the search space at aggregation level 2 are split across two RBGs, resulting in PRB wastage due to the fact that the other PRBs not used by R-PDCCH in both those RBGs cannot be used for PDSCH transmission. This kind of PRB wastage problem can be alleviated by setting the number of used PRBs per RBG to 2 [2]. However, the PRB wastage problem cannot be completely resolved by this approach, since anyway one PRB is always unused per RBG. The number of R-PDCCH candidates for aggregation level 2 is not expected to be large (e.g., 6 candidates for aggregation level 2 in Option B [1]), so the benefit obtained by setting the number of used PRBs per RBG to 2 is limited. Therefore, we propose:
Proposal 3: For the case of RA type 0 with RBG size of 3, all 3 PRBs are used in each RBG.

In Rel-8, the UE-specific search space location changes from subframe to subframe according to the UE ID, in order to minimise persistent collisions between the overlapping search spaces of different UEs.  As the number of relay nodes served by a DeNB is not expected to be large (at least for Rel-10), we see no need for the complex hashing-function-based search spacing hopping for the R-PDCCH. Therefore we propose: that the working assumption that the Rel-8 hashing function is not used for the UE-specific search space design should be confirmed.
Proposal 4: The working assumption that the Rel-8 hashing function is not used for the non-interleaving R-PDCCH search space should be confirmed.
3 Conclusions
In this contribution, we have discussed the remaining aspects of search space design for non-interleaved R-PDCCH. 
We propose:

· 44 BDs per slot (with two DCI formats monitored per slot as agreed in [1])

· 12, 6, 3 and 1 R-PDCCH candidates for aggregation levels 1, 2, 4 and 8 respectively, in accordance with Option B in [1].
· An additional semi-static offset to the starting point of the R-PDCCH search space is adopted.
· In the case of RA type 0 with RBG size of 3, all 3 PRBs are used in each RBG.
· The working assumption that the Rel-8 hashing function is not used for the non-interleaving R-PDCCH seach space should be confirmed.
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