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1 Introduction 
In RAN1#94bis, multi-TRP/panel transmission schemes to be supported in Rel-16 were discussed with the agreements captured below [1], but it would require further discussions to reach conclusions:

	Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.


In this contribution, we further discuss the pros and cons of the above alternatives and some possible enhancements related to multi-TRP/panel transmissions. 
2 Discussion
2.1 Multi-TRP transmission schemes
According to WID [2], multi-TRP/panel transmission enhancements should consider both ideal and non-ideal backhaul, especially on support of non-coherent joint transmission:

	· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission


In the following, we provide some comparisons between single and multiple PDCCH design:
· Backhaul latency:
Single PDCCH design can consider scheduling multiple PDSCHs or single PDSCH where separate layers are transmitted from multiple TRPs. This design would require tight coordination between TRPs. Hence, ideal or very low latency backhaul is required. On the other hand, multiple PDCCH design can consider independent scheduling between TRPs. Due to loose coordination between TRPs, tight backhaul delay requirement is not required. 
· DL control overhead and UE complexity:

Compared with multiple PDCCH design, single PDCCH design obviously can reduce the overall DL control overhead at the cost of tighter coordination between TRPs. When considering UE complexity aspects, it is possible multiple PDCCHs are received in the same slot for multiple PDCCH design. Hence, it is expected that UE blind detection complexity is higher for multiple PDCCH design. Discussion on how to limit the maximal number of blind decodes should be considered for multiple PDCCH design. UE is also expected to handle different power control and TA commands from different TRPs in multiple PDCCH design. Thus, the overall UE complexity is expected to be higher for multiple PDCCH design.
· CSI feedback:

For multi-TRP transmission, since UE needs to feedback the CSI corresponding to each TRP, single PDCCH design would be required to consider the CSI feedback enhancement design, such as composite CQI and rank selection under the assumption of multi-TRP transmission. On the other hand, CSI feedback in multiple PDCCH design can simply follow the existing mechanisms.
· Support on URLLC:
One of the WID goals is to improve reliability and robustness through multi-TRP transmission. Single PDCCH design can enhance PDSCH reliability by scheduling same PDSCH transmitted through multiple TRPs. However, for PDCCH reliability enhancement, single PDSCH design has to rely on single TRP transmission mechanisms such as higher aggregation level. On the other hand, multiple PDCCH design has higher flexibility. Mechanisms supporting higher PDSCH reliability through multi-TRP transmission can be applied to PDCCH as well. It is noted that transmission robustness is required not only for URLLC but also for eMBB. For eMBB, maintaining multiple transmission links are important to deal with the sudden link loss in FR2.
Base on the above discussions, single PDCCH design has the merits of lower DL control overhead and UE complexity, while multiple PDCCH design has the merits of higher flexibility on backhaul requirement, lower impact on CSI feedback design, and better support on improving PDCCH robustness through multi-TRP transmission. Considering both designs have its own advantages, we propose to support both single and multiple PDCCH design in Rel-16.
Observation 1: Single PDCCH design has the merits of lower DL control overhead and UE complexity, while multiple PDCCH design has the merits of higher flexibility on backhaul requirement, lower impact on CSI feedback design, and better support on improving PDCCH robustness through multi-TRP transmission.
Proposal 1: Alt2: Support both multiple PDCCH and single PDCCH design is adopted in Rel-16.
2.2 Single PDCCH design
For single PDCCH based multi-TRP transmission, a single DCI is used to schedule a PDSCH, where separate layers are from separate TRP. Since a single PDSCH is scheduled, maximum number of codewords and layers should be the same as single TRP case, which is 2 and 8, respectively. In current specification, a single codeword can be scheduled up to 4 layers. Thus, when total number of layers is smaller or equal to 4 for multi-TRP transmission, single codeword will be used. In this case, a single MCS is signaled to UE, which implies the SINR differences between layers from multi-TRP/panel transmission cannot be addressed. Thus, codeword to layer mapping relationship can be reconsidered for single PDCCH based multi-TRP transmission for enhanced performance.

Proposal 2: Codeword to layer mapping relationship can be reconsidered for single PDCCH based multi-TRP transmission.
To support single PDCCH based multi-TRP transmission, DMRS group feature is required since multiple DMRS groups are used to indicate the QCL assumptions for the subset of DMRS ports used to receive PDSCH layers transmitted from different TRPs. Based on current QCL framework, each TCI state corresponds to one or two RSs in a RS set for QCL assumption. This framework can be extended so that a TCI state can corresponds to multiple RS sets, and each RS set indicates the QCL assumption of a DMRS group. 
Proposal 3: TCI state definition is extended to refer to one or two RS sets. Each RS set indicates a QCL relationship for a DMRS group.
To support dynamic single/multi-TRP transmission, DCI format should also be enhanced to indicate DMRS port and rate matching information. To reuse the existing DCI format, gNB can configure multiple sets of parameters for each corresponding DCI field through RRC. Thus, a state in a DCI field can indicate information for either single or multiple TRP transmission depending on RRC configuration.
Observation 2: DCI format should be enhanced to indicate DMRS port and rate matching information for single PDCCH based multi-TRP transmission.

Proposal 4: Consider using RRC to configure DCI field to indicate single or multiple TRP transmission information.
Another issue is CSI feedback enhancement. Considering two DMRS groups reception, the corresponding CSI feedback can consider composite CQI and rank selection under the assumption of multi-TRP/panel transmission. To achieve this, CSI-RS ports of a NZP CSI-RS resource can be assumed to have at least two different QCL assumptions.
Proposal 5: CSI-RS ports of a NZP CSI-RS resource can be assumed to have at least two different QCL assumptions.
2.3 Multiple PDCCH design
For multiple PDCCH based multi-TRP transmission, multiple CORESETs, each corresponds to one PDCCH, should be configured. In addition, it is possible multiple NR-PDCCHs are received in the same slot. Hence, it is expected that the blind detection complexity is increased in this scheme. Limitation on the maximal number of blind decodes can be considered to reduce UE complexity.
In case of overlapping PDSCH allocation, since scheduling is supposed to be determined independently between TRPs, limitation on maximum number of codewords and layers, and DMRS ports allocation coordination should be considered. For maximum number of codewords, considering limit the maximum number of PDCCH to two, one codeword for each PDCCH is a reasonable limitation. Since one codeword can support up to 4 layers, supporting more than one codeword for each PDCCH seems unnecessary. If a UE can support such high rank transmission, single TRP transmission might be more appropriate. Maximum number of supported layers is UE capability. To avoid exceeding UE capability when performing multi-TRP transmission, some kind of semi-static rank scheduling information exchange between TRPs can be considered. Similarly, DMRS ports allocation also requires coordination between TRPs to avoid same DMRS port allocation in case of overlapping PDSCH allocation.
Proposal 6: Consider limit the number of codeword to one per PDCCH for multiple PDCCH based multi-TRP transmission.
Proposal 7: Consider introducing semi-static scheduling information exchange such as rank and DMRS port allocation between TRPs.
Another issue is HARQ-ACK feedback. For multiple PDCCH based multi-TRP transmission, each TRP independently schedules a corresponding PDSCH to UE. With non-ideal backhaul, it is more appropriate to separate the HARQ-ACK feedback for each TRP since the TRPs cannot coordinate the Downlink Assignment Indicator (DAI) dyamically for joint HARQ-ACK feedback due to the large backhaul delay.
In case of separate HARQ-ACK feedback for multi-TRP, it is desirable not to limit the PUCCH resource assignment considering scheduling flexibility. Multiple HARQ-ACK PUCCH transmissions to multiple TRPs with overlapping time and frequency resources should be allowed if the UE is capable of transmitting multiple HARQ-ACK PUCCHs simultaneously through multiple antennas/panels.

Observation 3: Separating the HARQ-ACK feedbacks for transport blocks from different TRPs is more appropriate for multiple PDCCH based multi-TRP transmission with non-ideal backhaul.

Proposal 8: Consider supporting multiple HARQ-ACK PUCCH feedback transmissions to multi-TRP with overlapping time and frequency resources.
3 Conclusion

In this contribution, we have discussed pros and cons of single and multiple PDCCH design and the potential enhancements of multi-TRP transmission, and we have the following observations and proposals. 
Observation 1: Single PDCCH design has the merits of lower DL control overhead and UE complexity, while multiple PDCCH design has the merits of higher flexibility on backhaul requirement, lower impact on CSI feedback design, and better support on improving PDCCH robustness through multi-TRP transmission.
Observation 2: DCI format should be enhanced to indicate DMRS port and rate matching information for single PDCCH based multi-TRP transmission.

Observation 3: Separating the HARQ-ACK feedbacks for transport blocks from different TRPs is more appropriate for multiple PDCCH based multi-TRP transmission with non-ideal backhaul.

Proposal 1: Alt2: Support both multiple PDCCH and single PDCCH design is adopted in Rel-16.

Proposal 2: Codeword to layer mapping relationship can be reconsidered for single PDCCH based multi-TRP transmission.

Proposal 3: TCI state definition is extended to refer to one or two RS sets. Each RS set indicates a QCL relationship for a DMRS group.
Proposal 4: Consider using RRC to configure DCI field to indicate single or multiple TRP transmission information.
Proposal 5: CSI-RS ports of a NZP CSI-RS resource can be assumed to have at least two different QCL assumptions.
Proposal 6: Consider limit the number of codeword to one per PDCCH for multiple PDCCH based multi-TRP transmission.
Proposal 7: Consider introducing semi-static scheduling information exchange such as rank and DMRS port allocation between TRPs.
Proposal 8: Consider supporting multiple HARQ-ACK PUCCH feedback transmissions to multi-TRP with overlapping time and frequency resources.
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