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1 Introduction

This contribution discusses RN search space design for R-PDCCH to support both localized and distributed transmission in DL backhaul subframes. For DL backhaul, the PRBs for R-PDCCH transmission will be semi-statically assigned and the number of blind decoding can increase with use of commen search space in cases a lot of PRBs are configured for potential R-PDCCH transmission, as addressed in [1]. Furthermore, the PRBs used for R-PDCCH transmissions can vary subframe by subframe, and both localized and distributed R-PDCCH transmission should be supported. Although it is desirable to reuse LTE Rel-8 “search space” design as much as possible [2], the LTE CCE/REG interleaving and mapping was designed to support mainly distributed transmission. In this contribution, we discuss some approaches for search space design for supporting both localized and distributed transmissions of R-PDCCH.

2 Search space design for localized/distributed transmission support 
In LTE Rel-8 “search space”, REGs in one CCE should be interleaved and distributed over the whole PDCCH region regardless of the search space specific to each UE. To support localized transmission based on Rel-8 search space concept, additional logical-to-physical resource mapping rule for localized transmission is needed and this could increase number of blind decoding operations. Whether to configure contiguous PRBs or scattered PRBs for R-PDCCH and the number of configured PRBs can be decided by the donor eNB. Each RN should perform blind decoding in order to identify on which CCEs among the pre-configured resources its R-PDCCH is sent within the search space. The following approaches for the search space design are considered:
· Approach 1: RN common CCE set with RN common search space 

· Approach 2: RN common CCE set with RN specific search space

· Approach 3: RN common CCE set with RN common + RN specific search space

· Approach 4: RN group specific CCE set with RN group common search space

It is noted that CCE-level interleaving is assumed in the approaches.
Approach 1: RN common CCE set with RN common search space only
· All RNs are configured the same set of PRBs for R-PDCCH and the CCE-to-PRB mapping is RN common. 
· The search space is the same between RN, like the common search space for LTE PDCCH.
· As seen in Figure 1(a), it is not possible to support localized transmission using only one common interleaver as in LTE.
· To support localized transmission, as illustrated in Figure 1(b), some LCCEs (logical CCEs) are configured for localized transmissions by mapping them to contiguous PCCEs (Physical CCEs), and the others are interleaved as in Figure 1(a) for distributed transmissions. 
· Pros
· LTE Rel-8 search space structure can be well reused 

· Simple structure for the interleaving and mapping of R-PDCCH CCEs
· Cons
· Difficult to support localized transmission for R-PDCCH

· The number of blind decoding can be huge when many RNs are deployed in a macro cell area
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Figure 1. Approach 1 (RN common CCE set with RN common search space)
Approach 2: RN common CCE set with RN specific search space

· As in Approach 1, the pre-configured CCE set for R-PDCCH is common between RNs, but the search space is RN specific. 
· Pros
·  LTE Rel-8 search space structure can be well reused 

· Cons 
·  Difficult to support localized transmission for R-PDCCH
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Figure 2. Approach 2 (RN common CCE set with RN specific search space)
Approach 3: RN common CCE set with RN common + RN specific search space
· The pre-configured CCE set for R-PDCCH is common between RNs as in Approaches 1 and 2.

· Each RN is assigned two separate search spaces, one is RN common and the other is RN specific. The common search space is for localized transmissions and the RN specific search space is for distributed transmissions, as shown in Figure 3.
·  Pros
·  Both localized and distributed transmission can be supported
· Cons
· Number of RNs scheduled in common search space can be limited, depending on the common search space size
 [image: image4.emf]E3 E4 E1 E2 E3 E4 E1 E2

E2 E4 E3 E1 E1 E2 E3 E4

RN1 

search space Common search space

LCCE

PCCE

RN2

search space

0 1 2

3 4 5 6 7 8 9 10 11


Figure 3. Approach 3 (RN common CCE set with RN common + RN specific search space)
Approach 4: RN group specific CCE set with RN group common search space

· A subset of RNs comprises a RN group and each RN group is configured a separate CCE set
· The search space is common to the RNs of the same RN group
·  In a certain RN group, CCE interleaving does not apply in order to support localized transmission 
·  Each RN will be informed the pre-configured resource set for R-PDCCH and whether the CCE interleaving will be applied or not

· Pros
·  Both localized and distributed transmission can be supported 
·  Lower blind decoding complexity compared to Approach 3
· Cons
·  Transmission mode for each RN cannot be changed dynamically
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Figure 4. Approach 4 (RN group specific CCE set with RN group common search space)
3 Conclusion

This contribution discussed R-PDCCH search space design for supporting both localized and distributed transmission for R-PDCCH. The following four approaches have been considered for further discussion and investigation in RAN1:

· Approach 1: RN common CCE set with RN common search space 

· Approach 2: RN common CCE set with RN specific search space

· Approach 3: RN common CCE set with RN common + RN specific search space

· Approach 4: RN group specific CCE set with RN group common search space
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