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1
Introduction
Significant progress was made in the past several RAN1 meetings regarding R-PDCCH design. One remaining open issue is regarding the search space design for R-PDCCH, which is the focus of this contribution.
2
Discussion

In LTE Rel-8, PDCCH demodulation is based on CRS. Each UE monitors two types of search spaces: common and UE-specific. Up to 22 PDCCH decoding candidates are possible. For each PDCCH decoding candidate, there are two distinct DCI format sizes resulting in a maximum of 44 blind decodes. Each PDCCH is transmitted using a specific aggregation level, where CCE (of 9 REGs or 36 REs) is the minimum unit. For the common search space, two aggregation levels are supported, namely, 4 (CCEs) and 8, with 4 and 2 decoding candidates, respectively. For the UE-specific search space, four aggregation levels are supported, namely, 1, 2, 4, and 8, with 6, 6, 2, and 2 deocoding candidates, respectively.  Each search space follows the so-called tree-structure, where the starting CCE for each aggregation level is always an integer multiple of the corresponding level.
In RAN1#60, it was agreed that both CRS and DM-RS based R-PDCCH demodulation are supported. For DM-RS based R-PDCCH demodulation, it was further agreed in RAN1#60bis that the DL grant and UL grant in a PRB pair shall be for the same RN. That is, no REs in such a PRB pair can be used for a different RN. On the other hand, for CRS based R-PDCCH demodulation, it was agreed in RAN1#61bis that two interleaving modes are supported: Rel-8 type REG-level interleaving and no interleaving across R-PDCCHs within a PRB. 
In [1], it was analyzed that fallback operation based on DCI format 1A with CRS is necessary for relay backhaul operation, and at least one non-MBSFN subframe should be configured as part of the DL backhaul subframes. 
Obviously, the same Rel-8 search space design should be maintained as much as possible, particularly, 

· Both common and RN-specific search spaces should be supported
· Note that in Rel-10, common search space is only present in the first slot
· Tree-structure based search space should be maintained

· The max number of R-PDCCH blind decodes should be similar to that of a Rel-10 UE

· Aggregation levels 4 and 8, with up to 4 and 2 decoding candidates, respectively,  in common search space

· Aggregation levels 1, 2, 4, and 8, with up to 6, 6, 2, and 2 decoding candidates, respectively,  in RN-specific search space

For REG-level based R-PDCCH interleaving, the same REG definition and CCE definition should be applied, where the REs available for R-PDCCH should potentially discount the REs for CRS and CSI-RS [1]. 
When there is no interleaving across different R-PDCCHs in a PRB, it may not be possible to maintain the same CCE size (36 REs), due to the static split of DL and UL grants at the slot boundary, the presence of CRS/DM-RS/CSI-RS, etc. For simplicity, it is reasonable to define each PRB as one CCE from the search space design perspective. For instance, for CRS based R-PDCCH, considering the presence of CRS and CSI-RS, the minimum number of R-PDCCH REs per PRB is 4*12 – 4 – 8 = 36 for DL grants, and 7*12 – 3 * 4 – 8 = 64 for UL grants. For DM-RS based R-PDCCH, the number can be further reduced, due to the presence DM-RS REs, to 24 and 52, respectively.
For REG-level interleaving, the same Rel-8 REG and CCE definitions should be adopted. For the case of no REG-level interleaving, the CCE numbering can be simply based on the frequency of the R-PDCCH VRBs, starting from the lowest frequency. The mapping from VRB to PRB can be similar to that of PDSCH. In particular, similar mapping of virtual resource blocks of distributed type defined for PDSCH can be used for CRS based R-PDCCH. However, instead of mapping to different PRBs over the two slots, the same VRB index should be mapped to the same PRB pair (i.e., no slot hopping).  Note that since both localized and distributed R-PDCCH resource reservation schemes are supported, it can be up to eNB to choose the appropriate R-PDCCH resource reservation scheme for frequency diverse or frequency selective benefits.

As in Rel-8, common search space should start from the first CCE, while RN-specific search space is derived based on the number of available CCEs, RN ID, the aggregation level, subframe index, and the predertermined random seeds. The same RN-specific search space design should be applied to DL and UL grants.

When there are very small number of relays, the number of PRB pairs reserved for R-PDCCH can be significantly less than 8, such that it is impossible to support aggregation level 8. If the number of PRB pairs for R-PDCCH is less than 4, effectively there would not be any common search space. However, this is not issue and can be up to eNB implementation. This is because in such a trivial scenario, the difference in transmission efficiency between broadcast and unicast is very small.
3
Conclusions
In this contribution, we discussed the details of R-PDCCH search space design. The same Rel-8 design should be kept as much as possible for minimal specification and implementation impact. In particular, the following are proposed:
· Both common and RN-specific search spaces should be supported

· In Rel-10, common search space is only present in the first slot
· The same RN-specific search space design should be applied to both DL and UL grants

· Tree-structure based search space should be maintained

· For CRS based R-PDCCH, the same Rel-8 REG and CCE definitions should be adopted

· For the case of no REG-level R-PDCCH interleaving, each PRB is treated as one CCE, and the CCE is numbered based on the frequency of the R-PDCCH VRBs, starting from the lowest frequency. The mapping from VRB to PRB can be similar to that of PDSCH, where the same VRB index should be mapped to the same PRB pair (i.e., no slot hopping).
· The max number of R-PDCCH blind decodes should be similar to that of a Rel-10 UE

· Common search space: aggregation levels 4 and 8, with up to 4 and 2 decoding candidates, respectively
· RN-specific search space: aggregation levels 1, 2, 4, and 8, with up to 6, 6, 2, and 2 decoding candidates, respectively
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