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1 Introduction
In 3GPP RAN1 #60bis meeting, the following is agreed:

“

· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

”

Furthermore, in 3GPP RAN1 #62bis meeting, the followings are agreed for non-interleaved R-PDCCH:

“

· 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

”

Under these agreements, for the case of non-interleaved R-PDCCH, the total N VRBs actually specify the overall resources for the search spaces with L being the aggregation level of the search space. However, even with these agreements, there are still some open issues on the design of non-interleaved R-PDCCH search space left. In this contribution, we are trying to address the issues of search space design and blind decode for R-PDCCH.
2 R-PDCCH Search Space
Two issues are important for R-PDCCH search space: 

· R-PDCCH region 

· Search space for DL grants and search space for UL grants
As agreed in RAN1 #62bis meeting that “one set of R-PDCCH VRBs for DL grants and UL grants is semi-statically configured by higher layers on a RN specific basis”. Therefore, the issue of R-PDCCH region is resolved.   
Once the R-PDCCH region is defined, the R-PDCCH search space should also be defined. For non-interleaved R-PDCCH, R-PDCCH region is defined on a set of VRBs as in RAN1’s agreement. Since it is agreed that the DL grants will be always transmitted in the first slot while the UL grants will always be transmitted in the second slot, it natural to have separate search space for DL and UL grants like for the case of inter-leaved R-PDCCH in [1].
Proposal 1: Separate search space for DL grants and UL grants for non-interleaved R-PDCCH
Within each search space, it is natural to have similar search procedures as described in [1]. That is, a RN performs two blind decoding procedures: one for DL grant in the first slot and the other for UL grant in the second slot.

On the other hand, according to RAN1 agreement
“
· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN
”
That is, if RN has both UL grant and DL grant, the UL grant will lie in the same VRBs of the DL grant. This property is very beneficial for reducing RN implementation complexity as well as improve the blind decode error of the UL grant. That is, 
1) when a RN detects  DL grant in the first slot, the corresponding RN knows the position of the UL grant if UL grant exits;

2) when a RN does not detect DL grant in the first slot, the corresponding RN will search UL grant in the second slot. 

In the case where a RN has both UL grant and DL grant, assume that the chance of the RN correctly detects the corresponding DL grant is PD, therefore the chance that the RN makes a mistake for DL grant is 1 - PD. Without loss of generality, it is natural to assume that 

PD  >> 1 - PD.

In the case where a RN correctly detects the DL grant, the RN knows the starting position of the UL grant, this kind of priori information is beneficial in terms:

· the number of blind decode can be reduced significantly for the UL grant compared with the case where completely independent search spaces for DL grant and UL grant. In the latter case, a RN has to search for the UL grant in the R-PDCCH region configured by higher layers.

· the probability of RN makes a mistake for UL grant is greatly reduced due to the priori information at the RN
Even though the worst case blind decode is the same as that of the independent search spaces for DL and UL grants. The average blind decode will be significantly reduced as suggested in [2, 3]. Furthermore, the UL grant can be decoded more reliably.
Proposal 2: For non-interleaved R-PDCCH, the search space of UL grant depends on the search space of DL grant:
· UE performs BD in the search space for DL grant

· If successful decode DL grant, UE search corresponding VRB for the UL grant

· If no DL grant is found, UE performs BD in the search space for UL grant

3 Conclusion

In this contribution, we discuss the possible design of R-PDCCH search space. Separate search spaces for DL grant and UL grant are suggested and the dependence between these two search space are explored. 
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