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Introduction

In 3GPP Ran1 #61bis meeting, there have been some discussions on backhaul design for Type I relay targeting LTE Rel-10 [1], and the following has been agreed on R-PDCCH:
· For R-PDCCH interleaving with CRS, the following are both supported by the specifications: 

· Rel-8 based REG-level interleaving where the (RN specific) set of semi-statically assigned PRBs determines the virtual system bandwidth used for blind decoding

· A limited set of not more than 18 interleaving depths (measured in number of PRBs) is supported (in total for UL and DL)

· Exact set is FFS

· Each RN searches only one set of assigned PRBs for R-PDCCHs

· No interleaving across R-PDCCHs in a PRB (sometimes referred to as PRB-level interleaving)

· (same as DMRS “mode 2”)

· Optionality from implementation perspective will be discussed separately.

For the mode with joint R-PDCCH interleaving, Rel-8 based REG-level interleaver shall be reused within the configured PRB set for a given RN. Therefore it is reasonable to reuse also the search space design in Rel-8 for R-PDCCH when it is possible.  
In this contribution, more discussions are presented on several aspects regarding R-PDCCH mode 2 where no joint R-PDCCH interleaving is used. 
Configurability of the R-PDCCH Search Space
In [2], the frequency resource configuration for R-PDCCH has been described such that the PRBs are semi-statically assigned for R-PDCCH transmission. Such PRB set is determined by the DeNB and is hence implementation specific. As the DeNB may semi-statically schedule PRBs for the R-PDCCH search space and also jointly schedule PRBs for the release 8 PDSCH via PDCCH and release 10 R-PDSCH via R-PDCCH, optimisation of resource allocation for the DeNB attached cellular devices and relays over the DL Un may be possible. However as discussed in [3] such semi-statically configuration creates an RRC ambiguity time period during reconfiguration, where the DeNB and RN may have different understanding of the R-PDCCH search space. One way for reconfiguration is that RN re-connect the DeNB to get the correct parameters. This means the access link as well as the backhaul link shall be shut down for a period of time during the reconfiguration. One example of such reconfiguration is shown in Fig. 1 below. 
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(a) RRC ambiguity in R-PDCCH reconfiguration
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(b) RN reconnects to DeNB to get reconfiguration

Fig. 1 Example of R-PDCCH reconfiguration

Based on the above discussions we have one observation on the configuration of R-PDCCH search space:
Observation #1 RN may need to reconnect to DeNB for R-PDCCH reconfiguration due to the RRC signaling ambiguity.  
Alternatively, it is possible to have a specification-based R-PDCCH search space so that there is no need for re-configuration online. This is similar as Rel-8 design where for a given UE the search space is determined by parameters such as the system bandwidth, UE ID, and frame number, etc. As shown in Fig. 2 (a), the R-PDCCH search space may be defined in the R-CCE domain as in Rel-8, then using some CCE-to-PRB mapping the R-PDCCH can be mapped to the physical resources as in Fig. 2(b). One possible way of such CCE-to-PRB mapping it to reuse the sub-block interleaver as defined in [4] for the R-CCEs. Though this alternative way removes the need for semi-static R-PDCCH search space (re)-configuration, it has the drawback of making joint optimization of resource allocation for release 8 PDSCH and release 10 R-PDSCH more challenging. The DeNB has no means of adjusting the amount of PRBs allocated to the R-PDCCH search space based on the actual relay-based traffic.
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(a) Search space defined in R-CCE domain
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(b) CCE2PRB mapping
Fig. 2 Example of specification-based R-PDCCH search space design

R-PDCCH search space design aspects

· R-CCE

As discussed in [3], 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. The number of REs per CCE depends on the RS type, which shall be configured by DeNB thus known by both sides of the backhaul link. 

· 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. Evaluations for typical scenarios have shown that the backhaul geometry can be beyond 8dB at 5%-tile, which means aggregation level L = {1,2,4} would be sufficient in most cases. However, for some extreme cases where the number of RNs within a cell is larger or the interference between the RNs is severe (for example due to non-optimal network deployment), aggregation level up to eight might be useful to have implementation margin for achieving the performance requirement. Based on the discussions we have the following proposal
Proposal #1 Aggregation levels L = {1,2,4,8} are supported for R-PDCCH search space design if the blind detentions complexity is on an acceptable level. 

· R-PDCCH search space design

In Rel-8 PDCCH the common search space is defined for use cases such as system information broadcasting, paging, and in some cases it helps alleviating the congestion of UE-specific search space. However there seems to be limited use case for RN-common search space for type 1 relaying in Rel-10 given the Ran2 decision that dedicated SI provisioning is supported for HD-inband-RN's. On the other hand the number of RNs scheduled in a given Un subframe is not likely to be so large to cause search space congestion. Based on these we have the following proposal
Proposal #2 No RN-common search space is defined for type 1 relaying in Rel-10.

· Maximum blind detections

According to the previous agreement, for backhaul link the DL grant shall be transmitted only in the 1st slot and UL grant only within the 2nd slot. Therefore similar as in Rel-8 PDCCH design it seems reasonable to assume a given RN can monitor 

· DCI format 1A and one other DCI format x (e.g., DCI format 2, 2B, or some new format defined in Rel-10) based on the configured transmission mode in the 1st slot, and

· DCI format 0 or some new UL grant format defined for Rel-10.
One example is shown in Fig. 3, where the maximum blind detection is 42 with L = {1,2,4} or 48 with L = {1,2,4,8}. Note that in the example we assume the number of blind detections per aggregation level per DCI format is the same as UE-specific search space defined in Rel-8. In practice this may not necessarily be the case and shall be determined by exact definition of R-PDCCH search space. 
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Fig. 3 Example of maximum blind detection number with RN specific search space only
Conclusion

In this contribution we present further discussions on R-PDCCH mode 2 and its search space design aspects. We first have one observation regarding the configurability of R-PDCCH, i.e., 
Observation #1 RN may need to re-connect to DeNB for R-PDCCH reconfiguration due to the RRC signaling ambiguity.  

Regarding the remaining details of R-PDCCH search space design we have the following proposals: 

Proposal #1 Aggregation levels L = {1,2,4,8} are supported for R-PDCCH search space design if the blind detentions complexity is on an acceptable level. 

Proposal #2 No RN-common search space is defined for type 1 relaying in Rel-10.

The maximum blind detections for R-PDCCH are also discussed and it is preferred that RN monitors DCI format 1A plus one other DCI format based on configured transmission mode in 1st slot and DCI format 0 or some newly defined UL grant DCI format in the 2nd slot. The exact number of maximum blind detections depends on the search space design. 
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