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Introduction

In 3GPP Ran1 #61 meeting, there have been some discussions on backhaul design for Type I relay targeting LTE Rel-10 [1]. In this contribution, more discussions are presented on several aspects regarding DL backhaul control channel design based on the agreements achieved in the previous meeting. 
R-PDCCH interleaving with CRS
During Ran1 #61 meeting, it was proposed to have two modes for R-PDCCH interleaving with CRS [1]. As no agreement was reached, further discussions offline proposed additional modes.

· Mode 1-1: pure Rel-8 based REG-level interleaving where the set of semi-statically assigned PRBs determines the "virtual system bandwidth" used for blind decoding.
· Mode 1-2: Rel-8 based REG-level interleaving where the "virtual system bandwidth" used for blind decoding is determined by the entire set plus one or more subsets of semi-statically assigned PRBs.  
· Mode 2: no interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)
Mode 1-1 doesn’t work alone due to the need for a fallback search space during its reconfiguration. It seems reasonable to use mode 1-1 and mode 2 to allow relays to detect R-PDCCH in search space configured according to mode 2 in case the search space configured according to mode 1-1 is being re-configured semi-statically. Alternatively, a single search space based on mode 2 only may also be considered.   

The benefits of Mode 1-2 over Mode 1-1 seem unclear since (i) for the latter the “virtual BW” is configurable; and (ii) both mode 1-1 and 1-2 will anyway need a fallback search space during reconfiguration. In addition, the need for configurable search space based on mode 1-1 is unclear as there anyhow seems to be a need to allow effective fallback to the non-configurable search space according to mode 2. Such reconfiguration of search space may occur when more relays become active during a subframe e.g. due to inter-relay interference or need for more relay resources over the backhaul.    

The search space based on mode 2 shall be defined so that a RN with relatively low geometry is able to properly receive the control channel. Since R-PDCCH without interleaving may be used when CRS and/or DM RS are scheduled assuming localized mapping, proposal #2 may apply to CRS and/or DM RS cases and hence is RS type independent. This simplifies specification effort for R-PDCCH design and implementation, implementation of scheduling in the DeNB, and of R-PDCCH blind detection as discussed briefly in the next sections. 

Based on these observations we have the following proposals:

Proposal #1 For CRS case Mode 2 is supported, i.e., no interleaving across R-PDCCHs in a PRB.
Proposal #2 For CRS case it is FFS whether an extra search space based on joint interleaving is needed. If needed it shall be according to Mode 1-1 for which Rel-8 mechanism is reused to minimize the specification effort. 
Mapping of physical resources to R-PDCCH

In Mode 2, there is no joint R-PDCCH interleaving and frequency localized or distributed mapping will be utilized according to the allocated frequency resources. Frequency-first mapping of R-PDCCH to physical resources as for Rel-8 PDSCH may be utilized. An example for CCE aggregation level 2 for R-PDCCH in 1st slot is illustrated in Figure 1. Here for Mode 2 one CCE is defined as all the REs (not including the ones occupied by RS) within OFDM symbol #3-#6 in a PRB which carries R-PDCCH. On the figure, only CRS are shown but the proposed way may also apply when CRS and DM RS are scheduled over the backhaul by the DeNB on a normal subframe or when DM RS only are scheduled on an MBSFN subframe. The number of REs per CCE depends on the RS type. For example, when the DeNB schedules a normal subframe for the backhaul with CRS only (port 0&1), one CCE is 44 REs; with CRS (ports 0&1) and DM RS (ports 7&8) one CCE is 38 REs. To conclude this we have the following proposal  
Proposal #3
Frequency-first mapping of R-PDCCH to physical resources as for Rel-8 PDSCH is utilized for R-PDCCH without joint interleaving in case CRS and/or DM RS are scheduled over the backhaul.
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Figure 1 Example of R-PDCCH mapping without joint interleaving; CRS only, aggregation level two
R-PDCCH search space design aspects
· Aggregation level

The aggregation level shall be chosen so that R-PDCCH can be received by RNs when it is with relatively low geometry or when there is no accurate channel state information at DeNB side. Based on typical backhaul geometry and also link performance for R-PDCCH, aggregation level up to four will provide robust control channels for backhaul. On the other hand, further supporting aggregation level eight can be considered, if the extra search effort and complexity is justified by its use case. 

· Maximum blind detections

According to the previous agreement on R-PDCCH [2], DL grant will only be in 1st slot while UL grant only in 2nd slot, therefore, assuming a RN monitors a similar set of DCI formats as a Rel-8 UE, the total blind detections will be above Rel-8 since DCI format 0 and 1A will be located in different slots. In Rel-8, a UE supports a maximum of 44 blind detections at a given time. For backhaul such constraint can be relaxed to some extend since RNs are expected to have better power supply and also higher processing capability compared with a UE. The exact maximum blind detections for RN shall be further studied taking into account, e.g., search complexity, supported aggregation levels, DCI formats, and efficiency of multiplexing backhaul with macro DL transmissions. 

· R-PDCCH search space design

To simplify the design, it is preferred that the search space for mode 2 is defined by specification, i.e., not configurable online. One issue of such online configuration is the ambiguity in RRC signalling timing that may cause a chicken and egg problem and even cause loss of the control link. Furthermore, the benefit of such a configurable search space compared with a specification based one like in Rel-8 PDCCH is not clear. Further, Rel-8 mechanisms can be re-used for R-PDCCH design as much as possible, except that for mode 2 the search space will be arranged in PRB space instead of CCE space as defined in Rel-8. As in release 8 a relay-specific search space and a common-relay search may be used. The relay-specific search space can use a starting point based on the PRB index and the relay ID. The exact design for such a search space will be based on factors such as supported aggregation level and maximum number of blind detections as discussed above. 
Conclusion

In this contribution we present further discussions on several backhaul design aspects based on the agreements in the previous Ran1 meeting. Based on the discussions, we make the following proposals.
Proposal #1 For CRS case Mode 2 is supported, i.e., no interleaving across R-PDCCHs in a PRB.

Proposal #2 For CRS case it is FFS whether an extra search space based on joint interleaving is needed. If needed it shall be according to Mode 1-1 for which Rel-8 mechanism is reused to minimize the specification effort. 
Proposal #3
Frequency-first mapping of R-PDCCH to physical resources as for Rel-8 PDSCH is utilized for R-PDCCH without joint interleaving in case CRS and/or DM RS are scheduled over the backhaul.
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