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1 Introduction

In RAN1#62, the following was agreed:  
· Support of “no interleaving across R-PDCCHs in a PRB” is mandatory for RN for both CRS based and DM-RS based R-PDCCH design.

· No optional interleaving modes are supported in Rel-10
R-PDCCH with no interleaving in a PRB would be useful when the number of relay nodes supported by a DeNB is small, which is the most likely scenario for Type 1 relay deployment. The detailed search space design is still under discussion for non-interleaved R-PDCCH. Several papers in RAN 1 #62 addressed this issue [1-14]. In this contribution, we discuss some remaining aspects on search space design for non-interleaved R-PDCCH.
2 Discussion
In LTE Rel-8, both common and UE-specific search space are supported for the Uu interface. The common search space is used for transmitting system information, paging and PDCCH orders for dedicated RACH, as well as in some cases mitigating the blocking of the UE-specific search space. However, the common search space does not seem to be necessary for Type-I relay in Rel-10 for the following reasons:

· TPC-PUCCH-RNTI/TPC-PUSCH-RNTI, P-RNTI, RA-RNTI and SI-RNTI are not needed for R-PDCCH.
· The number of relay nodes served by a DeNB is not likely to be large (at least for Rel-10), so blocking of the UE-specific search space is not expected to be an issue.
Hence: 
Proposal 1: We propose that only RN-specific search space is supported (for both DL grant and UL grant), and no common search space. 

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. 

Hence:

Proposal 2: We propose that the RN-specific search space location be semi-statically configured by higher layers for Rel-10 Type-I relays.
The search space for DL grant carried in the first slot and the search space for UL grant carried in the second slot need respective configuration. However, in order to reduce design complexity, the same rules (such as CCE mapping) should be used as much as possible for both DL grant and UL grant.  
Proposal 3: The same CCE mapping rules should be used for DL grants and UL grants. 

For the case of no REG-level R-PDCCH interleaving, the definition of REG is not needed. But the control channel element of R-PDCCH may be redefined as R-CCE based on PRB level. In particular, due to the different PRB size of the two slots, R-CCE size can be separately defined in the first slot and second slot for DL grant search space and UL grant search space respectively. One simple way is to treat one PRB as one R-CCE, but further consideration may need to be given to the cases where the number of available REs in a PRB may be less than 36 (the size of a CCE in Rel-8). 
Proposal 4: The REs available for R-PDCCH in one PRB are defined as an R-CCE.

The backhaul link is expected to be typically in good geometry, and QPSK has been agreed as the baseline for R-PDCCH transmission. Therefore aggregation level 8 seems to be unnecessary in most cases. However, for some extreme cases, aggregation level 8 may be useful to fulfil some marginal performance requirements, especially for the DL grants, as the first slot contains fewer available REs per PRB than the second slot, as shown by the tables in [8]. (It can be seen from these tables that the numbers of available REs in the first slot and the second slot are dependent on the type(s) of RS configured and the number of Tx antennas. For example, in the 4Tx CRS+CSI RS case, the first slot includes 40 available REs and the second slot includes 68 available REs, whereas in the 2Tx DMRS+CSI RS case, the first slot includes 40 REs but the second slot includes 76 available REs.) It should therefore be carefully considered whether it is necessary to support aggregation level 8 for UL grants. 
Proposal 5: Consider not supporting aggregation level 8 for UL grants. 

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 may depend on 

· The number of PRBs semi-statically allocated for each R-PDCCH.
· The number of aggregation levels supported in the 1st slot and the 2nd slot.
· DCI formats supported in the 1st slot.

· DCI formats supported in the 2nd slot.

In Rel-8, up to 44 PDCCH blind decodings in a subframe are defined. However, for RN, the limit of 44 blind decodings may not be able to be kept because of the number of DCI formats required to be supported in the 1st and 2nd slots and the number of R-PDCCH candidates. For an instance, if two DCI formats (e.g., DCI format 1A and one other transmission mode-dependent DCI format) for DL grant and one DCI format (i.e., DCI format 0) for UL grant are assumed to be monitored by a given RN with the same number of R-PDCCH candidates in each slot as in Rel-8 for UE-specific search space (i.e. 16), then 48 blind decodings would be needed in total. As a RN is expected to have greater processing power than a UE, this should not be a problem. Nevertheless, if it is desired to reduce the number of blind decodings, the number of supported aggregation levels could be further restricted by RRC signalling. 
Proposal 6: Consider supporting semi-static restriction of the set of supported aggregation levels. 

3 Conclusions
In this contribution, we have discussed various aspects of search space design for non-interleaved R-PDCCH. We propose to keep R-PDCCH design simple in the light of the small number of relays expected per DeNB in Rel-10. The introduction of complicated features of R-PDCCH design should be carefully considered.  
We propose:

Proposal 1: We propose that only RN-specific search space is supported (for both DL grant and UL grant), and no common search space. 

Proposal 2: We propose that the RN-specific search space location be semi-statically configured by higher layers for Rel-10 Type-I relays.

Proposal 3: The same CCE mapping rules should be used for DL grants and UL grants. 

Proposal 4: The REs available for R-PDCCH in one PRB are defined as an R-CCE.

Proposal 5: Consider not supporting aggregation level 8 for UL grants. 

Proposal 6: Consider supporting semi-static restriction of the set of supported aggregation levels. 
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