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1. Introduction

In #62 ‎[1], the following were agreed 

· Rank greater than 4 is not supported in Un link in Rel-10.

· Up to and including rank 4 is supported by the specifications.

In ‎[2] some considerations on the supported rank and scheduled DM RS patterns over the Un link were outlined. This contribution further addresses the impact of the supported rank on R-PDCCH search space over the Un link and proposes a solution.

2. Impact of supported rank on R-PDCCH search space

Consider an example of Rel-8 CRS and Rel-10 DM RS configuration over the Un link as illustrated in Figure 1, where we have

· Rel-8 CRS ports 0-3 (i.e., R0,1,2,3) transmitted in symbol #4, #7, #8, #11 use 4 REs in 1st slot in the non Rel-8 control region, and 12 REs in 2nd slot

· Rel-10 DM RS ports 7-10 assuming rank up to 4 (indicated in green) transmitted in symbol #5, #6, #12, #13 use 12 REs (or 6 REs if only rank <= 2 is assumed) in 1st slot in the non Rel-8 control region, and 12 REs (or 6 REs if only rank <= 2 is assumed) in 2nd slot
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Figure 1 Available REs for R-PDCCH in 1st slot and 2nd slot over Un link

In case rank up to 4 applies, the number of available REs for R-PDCCH is 32 (i.e. 4*12-4-12) in the 1st slot; and 60 REs (i.e. 7*12-12-12) in the 2nd slot. In case rank <=2 applies, the number of available REs for R-PDCCH increases to 38 (i.e. 4*12-4-6) in the 1st slot; and 66 REs (i.e. 7*12-12-6) in the 2nd slot. 

As R-PDCCH for DL grant is mapped into the 1st slot in the subframe, supporting rank 1-4 may require RN to blindly search over different DM RS overhead if the rank of R-PDSCH in the same PRB is not known a priory. This will double the total number of blind detections for RNs. Similar considerations apply to the R-PDCCH for UL grant mapped to the 2nd slot in the subframe. The additional blind detections are necessary even though R-PDCCH is always transmitted with rank one only, they stem from the fact that different resources are available for R-PDCCH as a side effect of the DM RS design.
3. Supported rank RRC configuration of Un link

To avoid impact of supported rank on R-PDCCH search complexity as outlined above, there are two options available: Either the R-PDCCH is transmitted always as if maximum rank was used, or the rank is conveyed via RRC signaling.

According to the first option, the R-PDCCH can always be transmitted as if the maximum rank was used. Then the RN can always decode the R-PDCCH assuming the maximum DM RS overhead. In the example of Figure 1, the RN assumes rank up to 4 is always supported, which gives 32 and 66 available REs in 1st slot and 2nd slot for R-PDCCH respectively. This also assumes Rel-8 CRS ports 0-3 are scheduled over the Un link. In case only Rel-8 CRS ports 0-1 are scheduled, we’ll have 32 and 70 available REs in 1st slot and 2nd slot for R-PDCCH respectively. The RN may determine the CRS configuration during the initial Donor eNB cell access procedure. 

In case only rank <= 2 is supported, 6 REs in 1st slot and 6 REs in 2nd slot which are not used for Rel-10 DM RS ports 9-10 are also un-used for R-PDCCH. This will result in 15.78% (i.e. 6/38 in 1st slot) and 9.09% (i.e. 6/66 in 2nd slot) lost control signaling efficiency over the Un link assuming Rel-8 CRS ports 0-4 are scheduled; or 15.78% (i.e. 6/38) and 8.57% (i.e. 6/70) assuming Rel-8 CRS ports 0-2 are scheduled.  This will cause an overall loss of 11.54% in control signaling efficiency in 1 subframe over the Un link assuming Rel 8 CRS ports 0-4 are scheduled; or 11.1% loss assuming Rel-8 CRS ports 0-2 are scheduled. Such a loss in signaling efficiency is particularly relevant in scenarios where the backhaul link quality is below average, in such cases it is unlikely that rank-4 can be applied but nonetheless signaling would be penalized.
To avoid the problem described above, the supported rank over the Un link can be indicated by the DeNB via Rel-8 RRC signaling during initial cell access by the RN (i.e. using Rel-8 PDCCH and PDSCH).  Knowing the supported rank over the Un link, the RN can implicitly have knowledge of the Rel-10 DM RS pattern actually scheduled by the DeNB over the Un link. 

As the rank of the Un link can be assumed to be stable in practical scenarios, reconfiguration of the supported rank is unlikely. In case the DeNB needs to change the supported rank and, hence, change the Rel-10 DM RS pattern transmitted over the Un link, the RN may be asked via Rel-10 RRC reconfiguration signaling over the Un link (i.e. using Rel-10 R-PDCCH and R-PDSCH) to re-attach to the DeNB. This may create a short gap or a RRC ambiguity period, but is not likely to have any significant impact as such rank reconfiguration over the Un link is not likely and thus will not happen often in Rel.10.   

Note that though the supported rank may be up to 4, the DeNB scheduler may schedule data transmissions by R-PDSCH in any transmission mode supported over the Un link. Obviously, in case supported rank is <=2, data transmission using rank-4 based transmission will not be possible, but both rank-1 and rank-2 are possible.

Hence, we have the following proposal.

Proposal #1: Supported rank over Un link is indicated via Rel-8 RRC signaling. 

4. Conclusion

In this paper we discussed the impact of supported rank over Un link on R-PDCCH search complexity. It was shown that to avoid either blind decoding search complexity increase or control signaling efficiency loss, a simple indication of  supported rank over Un link may be given by Rel-8 RRC signaling. Hence, we have the following proposal.

Proposal #1: Supported rank over Un link is indicated via Rel-8 RRC signaling. 
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