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1. Introduction

In this contribution we discuss some remaining issues on multi-TRP and panel transmission in Rel-16.
2. Discussion
2.1. Remaining issues on multiple DCIs based M-TRP transmission
Both single DCI based and multi-DCI based M-TRP transmissions are supported in Rel-16. However, these two transmission mechanisms are discussed separately. For single DCI based transmission, one DCI can indicate up to two TCI states to support transmission from two TRPs. For multi-DCI based transmission, two DCIs associated with different values of CORESETPoolIndex can schedule two PDSCHs simultaneously and each PDSCH is associated with one TRP. Currently we only agree that a UE can be scheduled with single DCI or multiple DCI based M-TRP transmission. The mixing of the two modes, e.g. multiple PDCCHs from different CORESET groups, each scheduling PDSCHs from two TRPs via two TCI states, has never been discussed in Rel-16. However, the current description in section 5.1 of 38.214 [3] allows this type of configuration and should be clarified. It is expected that MAC CE and RRC signaling design in RAN2 can avoid this configuration. If no, additional modification is needed in RAN1.
Proposal 1: A UE is not expected to be configured with mixing of single DCI based and multiple DCI based M-TRP transmission. When multiple PDCCHs are scheduled, only one TCI state can be indicated in each of the DCIs.
According to section 5.1 of 38.214 [3], multi-DCI based M-TRP transmission is introduced via multiple PDCCHs scheduling fully/partially/non-overlapped PDSCHs in time and frequency domain. When PDCCHs scheduling two PDSCHs are associated to CORESETs having different values of CORESETPoolIndex, the scheduled PDSCHs can be full/partially-overlapped PDSCHs in time. That means there is no restriction on PDCCHs if the scheduled PDSCHs are non-overlapped in time domain. Furthermore, when the UE is scheduled with full/partially/non-overlapped PDSCHs in time and frequency domain, the UE is expected to be scheduled with the same active BWP and the same SCS. The motivation is to ensure the same active BWP for different TRPs. However, the wording in specification implies that BWP switching is not allowed even when the PDSCHs are non-overlapped in time domain, no matter whether the scheduling PDCCHs are time overlapped or not, and whether the scheduling PDCCHs are associates with the same CORESETPoolIndex or not. At least there are issues in the following two cases:
· Case 1: PDCCHs (non-overlapped in time) associated with the same CORESETPoolIndex schedules PDSCHs which are non-overlapped in time. 

· Case 2: PDCCHs (non-overlapped in time) associated with different CORESETPoolIndex schedules PDSCHs which are non-overlapped in time. 

For Case 1 which is single TRP based transmission, BWP switching is already supported in Rel-15. It is not reasonable to preclude it in Rel-16. For Case 2, if the BWP has already been changed via 3rd PDCCH between the two PDSCHs, different BWPs for the two PDSCHs should also be allowed. Hence, to relax the restriction and also ensure the same BWP for two TRPs, it is proposed to only allow BWP switching via DCI from one TRP and DCI from the other TRP should always indicate the same BWP and should not trigger BWP switching.
Proposal 2: The UE doesn’t expect the bandwidth part indicator field in a DCI of the PDCCH associated to a CORESET with CORESETpoolIndex=1 indicates a BWP switching.

According to current 38.213 [2], if separate HARQ-ACK feedback is configured, PUCCH/PUSCH scheduled by PDCCH associated with a CORESETPoolIndex should not overlap with PUCCH/PUSCH scheduled by PDCCH associated with the other CORESETPoolIndex. In the RAN1#99 meeting, whether to associate PUCCH carrying P/SP CSI with a CORESETPoolIndex was discussed without conclusion. In this case, PUCCH carrying P/SP CSI is not associated with any CORESETPoolIndex. When the PUCCH carrying P/SP CSI overlaps with a HARQ-ACK, the UE would always multiplex the P/SP CSI and HARQ-ACK according to Rel-15 mechanism. 
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Figure 1: Overlapping between two HARQ-ACKs/PUSCHs and CSI
In eURLLC section, it was agreed that if a CSI is simultaneously overlapped with two PUCCHs within a slot with HARQ-ACK respectively for eMBB and URLLC, the CSI will be multiplexed with the HARQ-ACK with the same priority index firstly, and between the multiplexed information and the other HARQ-ACK, the one with lower priority index will be dropped. However, if similar overlapping case happens between CSI and two PUCCHs within a slot with separate HARQ-ACK respectively for two TRPs, as shown in Figure 1, the UE behavior on how to multiplex the CSI with the two HARQ-ACKs is not clearly defined. Since the CSI may not be associated with any CORESETPoolIndex, UE is not able to multiplex CSI with only one of the HARQ-ACKs associated with the same CORESETPoolIndex. No Rel-15 behavior can be followed, and not priority index is defined for PUCCH associated with different CORESETPoolIndex yet. This issue also occurs for other UL signal which is not scheduled by DCI (e.g. PUCCH with SR or type 1 configured grant PUSCH). Similar issue should also be solved for the case that a PUCCH with P/SP CSI/SR is simultaneously overlapped with two PUSCHs associated with different values of CORESETPoolIndex. For this issue, three options can be considered:
· Option 1: Define an association relationship between UL signal which is not scheduled by DCI and CORESETPoolindex. As discussed in our contribution [1], For PUCCH with P/SP CSI, gNB can group CSI report configurations or PUCCH resources for P/SP CSI to be associated with different values of CORESETPoolIndex. For PUCCH with SR and type 1 configured grant PUSCH, UE assume that it always associates with CORESET with CORESETPoolIndex=0. With this option, UE can always multiplex UCI associated with the same value of CORESETPoolIndex, and expect TDM of UCI associated with different values of CORESETPoolIndex
· Option 2: UE doesn’t expect two PUCCHs/PUSCHs within a slot with separate HARQ-ACK associated with different values of CORESETPoolIndex to be simultaneously overlapped with a UL signal (e.g. PUCCH with P/SP, PUCCH with SR and type 1 configured grant PUSCH). Then the overlapping case should be avoided by gNB implementation. 
· Option 3: A UL signal is always multiplexed with the PUCCH/PUSCH associated with CORESETPoolIndex=0 (or CORESETPoolIndex=1) if the UL signal is simultaneously overlapped two PUCCHs/PUSCHs associated with different values of CORESETPoolIndex.
For option 1, a RRC signaling is expected to be introduced to indicate association between P/SP CSI and CORESETPoolIndex. However, it may be too late to introduce additional RRC signaling in this stage. Option 2 or option 3 is preferred to minimize the specification effort for this issue. 
Proposal 3: For issues of simultaneously overlapping between two PUCCHs/PUSCHs and a UL signal, support one of the following options (Option 2/3 is preferred):

· Option 1: Support grouping of CSI report configurations or PUCCH resources for P/SP CSI to be associated with different values of CORESETPoolIndex. For PUCCH with SR and type 1 configured grant PUSCH, UE assume that it always associates with CORESET with CORESETPoolIndex=0.

· Option 2: UE doesn’t expect two PUCCHs/PUSCHs within a slot with separate HARQ-ACK associated with different values of CORESETPoolIndex to be simultaneously overlapped with a UL signal.
· Option 3: A UL signal is always multiplexed with the PUCCH/PUSCH associated with CORESETPoolIndex=0 (or CORESETPoolIndex=1) if the UL signal is simultaneously overlapped two PUCCHs/PUSCHs associated with different values of CORESETPoolIndex.

2.2. Remaining issues on M-TRP enhancement for URLLC
In Rel-15, PDSCH slot aggregation based on RRC configured repetition number is introduced to improve the reliability of URLLC. In Rel-16, slot repetition via scheme 4 is agreed, while the repetition number is indicated via TDRA field. Similar to Rel-15 slot aggregation, the slots for PDSCH transmission occasions of scheme 4 should also be consecutive, which is also the common understanding.
In RAN1#98bis meeting, it was agreed to introduce two patterns for TCI states mapping to repetitions: cyclical mapping and sequential mapping. For option 1, UE needs to switch Rx beam every slot. This may introduce additional complexity in UE implementation especially in FR2 with large subcarrier spacing. Therefore, it is proposed to support option 1 as optional UE capability and option 2 can be the default UE assumption if the corresponding RRC parameter is not configured.
Proposal 4: The slots for transmission occasions of scheme 4 should be consecutive.
Proposal 5: For TCI state mapping to PDSCH transmission occasions for scheme 4:

· Option 1 (Cyclical mapping) is optional UE capability.
· If the RRC parameter RepTCIMapping is not configured, option 2 (e.g. Sequential mapping) is used.
3. Conclusion

In this contribution, we discuss some remaining issues for multi-DCI based M-TRP transmission and URLLC enhancement. The proposals are summarized below:
Proposal 1: A UE is not expected to be configured with mixing of single DCI based and multiple DCI based M-TRP transmission. When multiple PDCCHs are scheduled, only one TCI state can be indicated in each of the DCIs.
Proposal 2: The UE doesn’t expect the bandwidth part indicator field in a DCI of the PDCCH associated to a CORESET with CORESETpoolIndex=1 indicates a BWP switching.

Proposal 3: For issues of simultaneously overlapping between two PUCCHs/PUSCHs and a UL signal, support one of the following options (Option 2/3 is preferred):

· Option 1: Support grouping of CSI report configurations or PUCCH resources for P/SP CSI to be associated with different values of CORESETPoolIndex. For PUCCH with SR and type 1 configured grant PUSCH, UE assume that it always associates with CORESET with CORESETPoolIndex=0.

· Option 2: UE doesn’t expect two PUCCHs/PUSCHs within a slot with separate HARQ-ACK associated with different values of CORESETPoolIndex to be simultaneously overlapped with a UL signal.

· Option 3: A UL signal is always multiplexed with the PUCCH/PUSCH associated with CORESETPoolIndex=0 (or CORESETPoolIndex=1) if the UL signal is simultaneously overlapped two PUCCHs/PUSCHs associated with different values of CORESETPoolIndex.

Proposal 4: The slots for transmission occasions of scheme 4 should be consecutive.
Proposal 5: For TCI state mapping to PDSCH transmission occasions for scheme 4:

· Option 1 (Cyclical mapping) is optional UE capability.
· If the RRC parameter RepTCIMapping is not configured, option 2 (e.g. Sequential mapping) is used.
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