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1
Introduction

In RAN1#60bis, some progress on R-PDCCH multiplexing was made. In particular, DL grants were agreed to be always transmitted in the first slot of a subframe. In this contribution we present our views on some detailed design of R-PDCCH.
2
Discussion
In RAN1#60bis, the following was agreed regarding R-PDCCH multiplexing:

· DL grants are always transmitted in the first slot of a subframe

· If a DL grant is transmitted in the first PRB of a given PRB pair, then an UL grant may be transmitted in the second PRB of the PRB pair

· In DM RS case, the DL grant and UL grant in a PRB pair shall be for the same RN

· No REs in such a PRB pair can be used for a different RN

· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs

· Details of transmission of DL grant alone: FFS

· Details of transmission of UL grant alone: FFS
On the other hand, the starting symbol of R-PDCCH was agreed to be from one the following design options:

· Fixed at the fourth symbol, or

· Semi-statically configured in the range of m ≤ s1 = s2 ≤ sx where sx in {3,4,5} (FFS)
Static split of DL grants and UL grants at the slot boundary results in uneven DL R-PDCCH capacity and UL R-PDCCH capacity. This is not desirable if symmetric DL and UL backhaul subframes are configured. For instance, when the R-PDCCH starts at the four symbol while ends at the last symbol, the capacity of DL grants and UL grants is roughly 4:7 for the normal CP case when static split between DL and UL grants at the slot boundary is applied.
In order to provide roughly comparable R-PDCCH capacity for DL and UL, it is necessary to adjust the boundary for the static split based on the R-PDCCH starting symbol, the R-PDCCH ending symbol, and possibly other factors (e.g., early decoding constraint). For instance, in the same example of when R-PDCCH starts at the 4th symbol and ends at the 13th symbol, the boundary can be chosen to be the 9th symbol, resulting in a ratio of 6:5.

When asymmetric DL and UL backhaul subframes are configured, the boundary can be adjusted by further considering the ratio in DL and UL subframes. In other words, the boundary can be such that the ratio of DL and UL R-PDCCH capacity is consistent with the ratio of DL and UL subframes available for relay backhaul operation.
When the boundary of the static split is not aligned with the slot boundary, it is preferred that the PRB pairs of R-PDCCH come from the same PRB over the two slots (i.e., no hopping). Indeed, for DM-RS based R-PDCCH demodulation, it is natural that slot hopping for R-PDCCH is disabled. This facilitates multiplexing of R-PDCCH and (R)-PDSCH in one subframe.
When CRS is used for R-PDCCH demodulation, it was agreed that the DL grant and UL grant in a PRB pair can be for the same or different RNs. Thus, the same Rel-8 R-PDCCH design philosophy can be readily applied. In particular, the same REG concept can be used, which can be further used to construct CCE. Note that, the CCE size may not be fixed at 36 as in LTE Rel-8, although it is preferable to keep the CCE size as close to 36 as possible.

When DM-RS is used for R-PDCCH demodulation, the DL grant and UL grant in a PRB pair shall be for the same RN. In this case, it is no longer necessary to introduce the REG concept. Instead, the entire half slot can be defined as the minimum unit for construction of R-PDCCH.
3
Conclusion

In this contribution, we present our views on some design details on R-PDCCH. In particular, it is proposed to adjust the boundary between the split of DL R-PDCCH grants and UL R-PDCCH grants for balanced DL and UL R-PDCCH capacity.
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