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1. Introduction
In RAN1#65, FDM extension and UE-specific DM-RS extension for PDCCH were proposed as a part of DL control enhancements [1][2]. It was also proposed that R-PDCCH can be the starting point of DL control enhancements, but it is FFS which features of existing R-PDCCH can be refined for Rel.11. We present our views on potential improvable features of the existing R-PDCCH.

2. Discussion
2.1. Performance

UE-specific DM－RS based PDCCH extension

As discussed in RAN1#65 meeting, one of the main motivations of DL control enhancement is to introduce the cell splitting gain and the precoding gain to the DL control signaling in Rel.11. Therefore, UE-specific DM-RS based PDCCH extension is a promising enhancement to enjoy these gains. On the other hand, two types of R-PDCCHs have been specified for Rel.10 relay already, i.e. R-PDCCH with cross-interleaving and R-PDCCH without cross-interleaving.  R-PDCCH with cross-interleaving is multiplexed only with Cell-specific RS while R-PDCCH without cross-interleaving can be multiplexed with UE-specific DM-RS or Cell-specific RS. If R-PDCCH with cross-interleaving multiplexed with UE-specific DM-RS can be considered as one of the alternatives in addition to the above, the following four alternatives can be considered as the baselines taking into account the combination of R-PDCCH type and reference signal. 

Alt.1-1: R-PDCCH without cross-interleaving multiplexed with Cell-specific RS

Alt.1-2: R-PDCCH without cross-interleaving multiplexed with UE-specific DM-RS

Alt.2-1: R-PDCCH with cross-interleaving multiplexed with Cell-specific RS

Alt.2-2: R-PDCCH with cross-interleaving multiplexed with UE-specific DM-RS (Not specified in Rel.10)
However, As we described in the above, the main motivation of DL control enhancement is to introduce the cell splitting gain and the precoding gain to the DL control signaling in Rel.11. Therefore, we believe the UE-specific DM-RS based PDCCH extension, i.e. Alt.1-2 and/or Alt.2-2, should be the baseline of DL control enhancement and the CRS based PDCCH extension, i.e. Alt.1-1 and Alt.2-1, is not necessary to be specified.

Proposal 1: UE-specific DM-RS based PDCCH extension, i.e. Alt.1-2 and/or Alt.2-2, should be the baseline of DL control enhancement.

One of the benefits for supporting R-PDCCH with cross-interleaving is that frequency diversity can be achieved easily by the cross-interleaving operation.  However, if the aggregation level is larger than two, the frequency diversity effect can be easily achieved even in the case of R-PDCCH without cross-interleaving, by using appropriate scheduling, i.e. scheduling by using resource allocation type 1 or resource allocation type 2 with DVRB. Therefore, there might be less motivation to support both of the above Alternatives, i.e. Alt.1-2 and Alt.2-2. On the other hand, if aggregation level is one, the frequency diversity effect cannot be achieved easily with R-PDCCH without cross-interleaving. Therefore, R-PDCCH with cross-interleaving multiplexed with UE-specific DM-RS, i.e. Alt.2-2, can be studied in this case.

Taking into account the above, RAN1 should discuss whether support of Alternative1-2 is sufficient for PDCCH extension, or the both of above two alternatives, i.e. Alt.1-2 and Alt.2-2,  can be the baseline for PDCCH extension. 

Proposal 2: RAN1 should study whether Alternative 1-2 is sufficient for PDCCH enhancement or the above two alternatives, i.e. Alt.1-2 and Alt.2-2, can be the baseline for PDCCH extension. 

2.2. Complexity

Search Spaces for UL grant and DL grant

The DL grant is transmitted only on the first slot and the UL grant is transmitted only on the second slot in a Rel.10 R-PDCCH, so that we cannot enjoy the benefit of the same size DCI format between uplink and downlink. In addition to that, the search space for the UL grant is larger than the search space for the DL grant in the Rel.10 R-PDCCH since 1-3 OFDM symbols are assumed for the PDCCH. On the other hand, the more traffic load of DL grants is typically expected than that of UL grants so that this search space restriction may cause the inefficient use of the UL grant search space. Therefore, we believe one of the possible improvements might be to relax this restriction in extended PDCCH. Of course, it should be taken into account how much impact on UE decoder complexity can be assumed by this change during the discussion.

Proposal 3: RAN1 should study the possibility of relaxing the separation of the search spaces for the DL and the UL grant, e.g. the DL grant can be transmitted on the second slot.

Search Spaces in PDCCH and extended PDCCH

For Rel.11 UE, UL and DL grant should be transmitted in extended PDCCH as much as possible to have the cell splitting gain from it. On the other hand, for example, initial access etc, it is preferable to receive the UL and/or DL grant only in PDCCH, for some cases. Therefore, we should study the mechanism that UE can monitor both PDCCH and extended PDCCH and at the same time the blind decoding burden can be kept the same as in Rel.10.

Proposal 4: RAN1 should study the mechanism that UE can monitor both PDCCH and extended PDCCH, and at the same time blind decoding burden can be kept the same as in Rel.10.
3. Conclusion

From the above discussion, Sharp proposes that:

Proposal 1: UE-specific DM-RS based PDCCH extension, i.e. Alt.1-2 and/or Alt.2-2, should be the baseline of DL control enhancement.

Proposal 2: RAN1 should study whether Alternative 1-2 is sufficient for PDCCH enhancement or the two alternatives, i.e. Alt.1-2 and Alt.2-2, can be the baseline for PDCCH extension.
Proposal 3: RAN1 should study the possibility of relaxing the separation of the search spaces for the DL and the UL grant, e.g. the DL grant can be transmitted on the second slot.

Proposal 4: RAN1 should study the mechanism that UE can monitor both PDCCH and extended PDCCH, and at the same time blind decoding burden can be kept the same as in Rel.10.
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