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1 Introduction

It was agreed at RAN1#70bis that RRC signaling configures up to 4 sets per component carrier of PDSCH RE mapping and quasi-co-location parameters to be indicated by DCI format 2D. Each state that can be signaled in DCI format 2D for TM10 corresponds to a list of higher-layer parameters, including the PDSCH starting symbol:

· one value N = {0 or reserved value (FFS),1,2,3,4 (only for system BW of <=10PRBs), PCFICH of serving cell in case of non-cross-carrier scheduling or higher-layer configured value in case of cross-carrier scheduling}

· In MBSFN subframe (according to the DCI-indicated MBSFN subframe configuration): min(2,N). Otherwise: N.

· By default: the starting position of PDSCH indicated by PCFICH of the serving cell in case of non-cross-scheduling or higher-layer configured value in case of cross-carrier scheduling

· FFS whether some handling is needed for an indicated starting symbol earlier than the end of the PDCCH in the serving cell
This contribution discusses the remaining FFS points summarized above.
2 PDSCH starting symbol 0
There were lengthy discussions on the support of signaling the PDSCH starting symbol 0 in DCI format 2D. Contrary to signaling the number of CRS ports equal to 0, which can be achieved by signaling the MBSFN subframes configuration, there is no alternative solution than signaling the PDSCH starting symbol 0 if the eNB wants to start mapping the PDSCH at OFDM symbol 0. 
The use case is for supporting a Rel-11 UE on a Rel-12 new carrier type (NCT), since it is likely that at least some subframes of the NCT will not have a legacy control region. This type of scheduling would be possible and would offer a method for supporting PDSCH transmission for a Rel-11 UE in a Rel-12 NCT without additional implementation efforts in the Rel-11 UE, where the NCT may be on the same frequency band or in a different frequency band than the PDCCH. An example of HetNet deployment of legacy and new carrier types on different frequency bands is shown in Figure 1. An example of deployment of a legacy carrier type on the macrocell with a new carrier type on the picocells is shown in Figure 2.

Considering the negligible impact on RRC signaling and the benefit for Rel-11 UEs, the following is proposed:
Proposal 1: PDSCH starting symbol 0 can be signaled in the RRC-configured PDSCH rate matching and RE mapping states.
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Figure 1 Example of different carrier-frequency deployments of NCT and legacy carrier
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Figure 2 Example of same carrier-frequency deployment of NCT and legacy carrier 
3 Handling of PDSCH starting symbol earlier than the end of the PDCCH
When dynamic point selection is performed and the neighbor cell that transmits the PDSCH has a smaller control region than the serving cell that transmits the PDCCH, it is possible that the signaled PDSCH starting symbol is earlier than the last OFDM symbol of the PDCCH. The impact is twofold.
Firstly, the UE should process the same OFDM symbol twice. This would anyway be required even if the starting symbol of PDSCH is later than the last symbol of PDCCH, since with CoMP the PDCCH and PDSCH would likely have different synchronization references.

Secondly, the UE receives PDCCH and PDSCH on the same REs. Interference from PDCCH on PDSCH should not be critical, but interference from PDSCH on PDCCH could be severe since the PDSCH is beamformed towards the UE. However, the PDCCH should be robust enough to handle this type of interference, which could be as large even if the PDSCH were transmitted to another UE.

Note that the signaled number of CRS ports pertains to the PDSCH region also indicated in DCI format 2D, so the UE shall assume the signaled number of CRS ports for PDSCH mapping, even if the PDSCH overlaps with the PDCCH region where the number of CRS ports of the serving cell might be different.
Therefore, as long as the UE is aware of the possibility that the signaled PDSCH starting symbol is earlier than the last OFDM symbol of the PDCCH, the UE should be able to process both the PDCCH and PDSCH and maintain adequate link quality.
Proposal 2: in case an indicated PDSCH starting symbol is earlier than the end of the PDCCH in the serving cell, the UE shall assume the indicated number of CRS ports for PDSCH RE mapping in all the symbols occupied by the PDSCH, including the symbols overlapping with the PDCCH, while PDCCH RE mapping is according to the serving cell’s CRS.
Finally, if it is agreed to signal PDSCH starting symbol 0 in Rel-11, it would make sense to also be able to signal a number of CRS ports equal to 0 for scheduling a Rel-11 UE on an NCT. Otherwise, the UE assumption of the number of CRS ports may be wrong since CRS port 0 may be transmitted only in certain subframes on NCT. Constraining the DCI state to be able to signal a minimum of 1 CRS port and one MBSFN subframe configuration would pose restrictions for scheduling a Rel-11 UE on an NCT, or it would incur unnecessary overhead since the UE would assume 1 CRS port is present even if it is not. So if proposal 2 is agreed, the reserved value for the number of CRS ports should be changed to 0 in Rel-11.
4 Conclusions

This contribution discusses the need to support the indication of starting OFDM symbol 0 for a PDSCH scheduled by DCI format 2D. It was observed that this feature can allow a Rel-11 UE to be scheduled a PDSCH on a Rel-12 new carrier type and to fully benefit of the overhead reduction available on the new carrier type in a transparent manner. Therefore, the following is proposed:
Proposal 1: PDSCH starting symbol 0 can be signaled in the RRC-configured PDSCH rate matching and RE mapping states.

This contribution also discusses the case where the indicated PDSCH starting symbol is earlier than the end of the PDCCH in the serving cell. The following is proposed to clarify the UE assumption on CRS ports for PDSCH and PDCCH RE mapping:

Proposal 2: in case an indicated PDSCH starting symbol is earlier than the end of the PDCCH in the serving cell, the UE shall assume the indicated number of CRS ports for PDSCH RE mapping in all the symbols occupied by the PDSCH, including the symbols overlapping with the PDCCH, while PDCCH RE mapping is according to the serving cell’s CRS.
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