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1. Introduction

About the multiplexing of R-PDCCH, different companies have different solutions, and mainly focus on two schemes: FDM+TDM and FDM. The advantage of FDM+TDM is that it can allow decoding before receiving the whole subframe, and the advantage of FDM is that it can allow simple multiplexing of R-PDCCH and R-PDSCH.

In RAN1 #60bis, 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

In RAN1 #61, the following is agreed:

· UL grants are only transmitted in the second slot (never in the first slot)
· No data transmission in the first slot 

· FFS in case of SPS (await news from RAN2)
· Boundary between UL and DL grants is at the slot boundary. 
In this contribution, we focus on the P-PDCCH and R-PDSCH multiplexing of two cases: DL only, DL UL coexisting case.
2. Discussion

DL only：
If there is DL grant in the first slot of the subframe and the second slot is not for UL grant transmission, then the second slot can be utilized for R-PDSCH transmission. In this way, after receiving the DL grant at the first slot, the RN can start decoding of the R-PDSCH, which is just the advantage of FDM+TDM multiplexing scheme. In other words, for the DL only case, the R-PDCCH can be placed at the first slot, and the second slot can be used for R-PDSCH; at the same time, there may be also subcarrier whose two slots are both used for R-PDSCH transmission.  
Proposal 1: For the DL only case, the second slot can be used for R-PDSCH transmission. The decoding of the R-PDSCH in the second slot can make full use of the information in the first slot. 

[image: image1.emf]PDCCH

R-PDCCH for RN

（

DL grant

）

R-PDCCH for RN

（

DL grant

）

...

1 subframe

R-PDSCH

R-PDSCH

1st slot


Fig 1 The DL only case
DL UL coexisting case：
If the DL grant is transmitted in the first slot and the UL grant is transmitted in the second slot, then the whole time resource will be used for the R-PDCCH and the difference between of R-PDSCH and R-PDCCH is frequency, that is, they occupy different subcarriers. 
Proposal 2: For the DL and UL coexisting case, the R-PDCCH and R-PDSCH can be FDMed for simplicity. 
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Fig 2 DL UL coexisting case
The proposed two cases: DL only and DL UL coexisting are different cases, and should be treated differently, and then the problem is how to distinguish them, there can be two methods:

The first method is that the eNB instruct to the RN explicitly, for example, by RRC signaling. The advantage is simple; disadvantage is increasing the signaling overhead.

The second method is that the RN blindly distinguishes the two cases. The details are shown below:
At the first slot, the RN will try to decode the DL grant, if DL grant isn’t decoded, then it is the UL only case, there is no data transmission in the first slot; otherwise, the RN try to decode the UL grant at the second slot, if successfully, then is the coexisting case, otherwise is the DL only case, the second slot is for R-PDSCH transmission.
    This method need distinguishing of DL grant, UL grant and ordinary R-PDSCH information, maybe the same as CRC can be utilized.

Proposal 3: The distinguishing of the three cases can be explicitly instructed or blindly decoded.

3. Conclusion

In this contribution, we discussed the R-PDSCH transmission in three cases: the DL only case, the UL only case, the DL UL coexisting case. The intention of our proposal is to utilize the resource more efficiently, and our proposals are:
Proposal 1: For the DL only case, the second slot can be used for R-PDSCH transmission. The decoding of the R-PDSCH in the second slot can make full use of the information in the first slot.

Proposal 2: For the DL and UL coexisting case, the R-PDCCH and R-PDSCH can be FDMed for simplicity.

Proposal 3: The distinguishing of the three cases can be explicitly instructed or blindly decoded.
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