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1 Introduction

In the last meeting RAN1#60Bis, R-PDCCH and R-PDSCH/PDSCH multiplexing has been discussed and the following is agreed:

· 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

This contribution provides further details of the FFS issues in the above agreement and suggests how the un-used resources of the second slot are being utilised in the backhaul subframe.

2 R-PDCCH and R-PDSCH/PDSCH multiplexing
During the extensive discussion of the R-PDCCH and R-PDSCH/PDSCH multiplexing in the last meeting, there were three possible cases which were identified as follows: 
· Case 1: DL grant is transmitted in the first PRB of a given PRB pair, and then an UL grant may be transmitted in the second PRB of the PRB pair.
· In CRS case, the DL grant and UL grant in a PRB pair can be for the same or different RNs
· Case 2: Details of transmission of DL grant alone (FFS)
· Case 3: Details of transmission of UL grant alone (FFS)
In the following sections, we are going to discuss each case separately and suggest possible solutions for the FFS issues.

2.1 DL and UL grants are transmitted on complete PRB-pair resources

In Case 1, the DL grants always occupy on the first slot and the UL grants are placed on the second slot of the backhaul subframe resulting that the both slots of the subframe are being utilised for R-PDCCH transmission. Fig.1 below shows Case 1 where the semi-statically assigned PRBs for R-PDCCH transmission are labelled with “R-PDCCH”. .For DMRS configuration, both DL and UL grants for a given RN should be in the same PRP-pair (i.e. Alt1 in Fig.1), while in CRS configuration the DL and UL grants can be in the same or different PRB-pairs (i.e. both Alt1 and Alt2 are applicable) of the subframe. Further more, it is possible the PRB-pair resources to be adjusted dynamically on subframe by subframe basis and any un-used complete PRB-pair resources can be applied for (R)-PDSCH transmissions. Some restrictions on the eNB scheduler may be necessary in order to keep the DL and UL grants to occupy on complete set of PRB-pair resources, i.e. to avoid existence of un-used resources on the second slot of the subframe. It should be noted that the blind decoding of the R-PDCCHs on the first slot and second slot are independent in order to achieve early decoding for the DL grants on the backhaul subframes.
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Fig.1 DL and UL grants transmitted on complete PRB-pair resources on the backhaul subframe.
2.2 Details of transmission of DL grant alone
In the case there are only DL grants transmitted in the PRB-pair resources of the backhaul subframe (Case 2), the second slot of the PRB-pairs are not utilised for R-PDCCH transmission. Therefore, in this contribution, two possible solutions are envisioned as shown on Fig.2 below and described as follows:

Solution 1: Use the second lot for R-PDSCH transmission

a) With interleaving DL grants for different RNs in the first slot:
While interleaving of R-PDCCHs (i.e. DL grants) for different RNs in the first slot is FFS issue, but, it is possible the interleaving to be applied in order to achieve frequency diversity gain. In the CRS case, the R-PDCCHs on the first slot of the subframe for different RNs can be multiplexed and interleaved and mapped to all or subset of semi-statically assigned PRBs for R-PDCCH transmission. Similarly, the R-PDCCHs on the second slot of the subframe for different RNs can be multiplexed and interleaved and mapped to all or subset of semi-statically assigned PRBs for R-PDCCH transmission. Please note that the interleaving in the first and second slots should be independent due to the requirement of early decoding for the DL grants always locating in the first slot of the backhaul subframe.
For dynamic scheduling, if RN has successfully decoded the DL grant, it will know the indices of the PRBs used for R-PDCCH in the first slot of the subframe. Then, it is possible that the resource allocation scheme to indicate whether specific RN has some data (R-PDSCH) on the second slot of the subframe from the corresponding PRBs that it has decoded the DL grant transmission.
For SPS scheduling, there are no DL grants in most of the cases, so it may be better to make restriction that the eNB does not schedule on the second slot of the subframe.

b) With single DL grant in the first slot (Non-interleaved):

For both CRS and DMRS configurations, in dynamic scheduling, if RN has successfully decoded the DL grant from one or more PRBs, it will know the indices of the PRBs used for its R-PDCCH in the first slot of the subframe. Then, it is possible the resource allocation scheme to indicate whether RN has some data (R-PDSCH) on the second slot of the subframe from the corresponding PRBs that it has decoded the DL grant transmission. 

For SPS scheduling, there are no DL grants in most of the cases, so it may be better to make restriction that the eNB does not schedule on the second slot of the subframe.

Solution 2: Do nothing, i.e. wasting resources on the second slot in some cases.
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Fig.2 Possible solutions for DL grant alone.

2.3 Details of transmission of UL grant alone
In the case there are only UL grants transmitted in the PRB-pair resources on the backhaul subframe (Case 3), it seems that there are three possible alternatives as shown in Fig.3 and described as follows:
Alt.1: assumes UL grant can’t be transmitted in the first slot of a subframe, i.e. always transmitted on the second slot of the subframe.

Alt.2-1: assumes UL grant can be transmitted in the first slot of a subframe and two UL grants for different RNs can’t be assigned in a PRB pair.
Alt.2-2: assumes UL grant can be transmitted in the first slot of a subframe and two UL grants for different RNs can be assigned in a PRB pair.

Among the three alternatives, Alt.2-2 is more efficient in terms of resource utilisations where UL grants for different RNs are placed into the same PRB-pair. This is possible for different RNs that are configured for CRS demodulation. However, Alt.2-2 suggests that UL grants to be also transmitted in the first slot of a PRB-pair in the subframe. Further more, with this design, it is also possible the PRB-pair resources to be adjusted dynamically on subframe by subframe basis and any un-used complete PRB-pair resources can be applied for (R)-PDSCH transmissions. 
In DMRS configuration, basically Alt.2-1 or Alt. 1 seems enough which are explicitly included in Alt.2-2. 
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         Fig.3 Only UL grants transmitted on a PRB-pair resource on the backhaul subframe.

Proposal: At least in CRS configuration, allow UL grants to be transmitted in the first slot of the subframe if there are available resources (Alt.2-2), however, in any case, priority should be given to the DL grants to occupy the first slot of the subframe. 
3 Conclusion
In this contribution, we have provided further details of the FFS issues for the R-PDCCH and R-PDSCH/PDSCH multiplexing based on the agreement in the last RAN1#60Bis meeting. 
In the case there are only DL grants transmitted in the PRB-pair resources of the backhaul subframe (Case 2), two possible solutions were suggested in this contribution as follows:

Solution 1: Use the second lot for R-PDSCH transmissions.
Solution 2: Do nothing, i.e. wasting resources on the second slot in some cases.
In the case there are only UL grants transmitted in the PRB-pair resources on the backhaul subframe (Case 3), it is suggested that UL grants to be also transmitted in the first slot of a PRB-pair in the subframe for efficient resource utilisations where UL grants for different RNs are placed into the same PRB-pair. So, we have the following proposal:

Proposal: At least in CRS configuration, allow UL grants to be transmitted in the first slot of the subframe if there are available resources (Alt.2-2), however, in any case, priority should be given to the DL grants to occupy the first slot of the subframe. 
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