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1. Introduction

In RAN1 #98bis meeting, designs for multiple-PDCCH and single-PDCCH based M-TRP/panel transmission as well as enhancement for URLLC were discussed with the following agreements:
Agreement

For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  

· DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.

Agreement
The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1:M], 

· M=1

Agreement
For M-DCI NCJT transmission, each PUCCH resource may be associated with a value of higher layer index per CORESET

· FFS: Additional restriction such as TDM PUCCH transmission across different higher layer index per CORESET

· FFS: Details on association

Agreement
When 2 TCI states are indicated by a TCI code point, for DMRS type 1 and type 2 for eMBB and URLLC scheme-1a, if indicated DMRS ports are from two CDM groups, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.

Agreement
For single-PDCCH based multi-TRP/Panel transmission, the number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled.

Agreement
For DMRS type-1, for layer combination 1+2, at least support DMRS entry {0,2,3} with 2 CDM groups without data 

Agreement
For single-DCI based M-TRP URLLC scheme 2b

· The RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to PDSCH associated with the second TCI state.  

Agreement
For single-DCI based M-TRP URLLC scheme 2b

· For a RV sequence to be applied to RBs associated with two TCI states sequentially, 

· RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)

Agreement
Capture the following in the reply LS to RAN2 on single PDCCH based mTRP operation. LS is endorsed in R1-1911550.

· For question 1 from RAN2

· Answer: From RAN1 perspective, MAC CE based enhancement is preferred so that the pairing of the TCI states can be flexible. Each TCI state can be dynamically paired with another TCI state, assuming dynamic here means pairing via MAC-CE. From RAN1 perspective, some restrictions on pairing may be introduced but this will not impact RAN2 work.

· For question 2 from RAN2, the following agreement has been made. To be used as answer of question 2

Agreement
The maximum number of activated TCI states in mTRP operation is 8. The number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled. The total number of simultaneously activated TCI states is up to 8.

Agreement
For multi-PDCCH based multi-TRP/panel transmission, when separated ACK/NACK feedback is enabled, 

· PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs transmission toward different TRPs. For PUCCH/PUSCH transmission toward the same TRP, Rel-15 multiplexing rules apply. 
· Note that PUCCH resources can be associated with values of higher layer index per CORESET so that indices may be used to differentiate TRP to determine whether there is overlapping among TRPs. PUSCH can be differentiated by scheduling CORESET in terms of targeted TRP. 

Agreement
The gNB can configure UE to use Rel-15 BD/CCE limits regardless of UE capability signalling on BD/CCE limit enhancement

· FFS: Whether RRC signalling is needed
Agreement
For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 

· Configured CRS patterns which optionally associated with a higher layer signaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· This is a UE optional feature with separate UE capability signalling

· If UE does not support this feature, the default UE behaviour is the following:

· For multi-DCI based multi-TRP/panel transmission, the UE shall rate match PDSCH around configured CRS patterns from multiple TRPs

FFS: Whether/How to handle DMRS shifting if CRS patterns are configured.

Agreement
For single-DCI based M-TRP URLLC schemes, the number of transmission occasions is indicated by following:

· For scheme 3, the number of transmission occasions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two states means two transmission occasions. 
· For scheme 4, TDRA indication is enhanced to additionally indicate the number of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. 
· The maximum number of repetition is FFS.
Agreement
For single-DCI based M-TRP URLLC scheme 3, the starting symbol of the second transmission occasion has K symbol offset relative to the last symbol of the first transmission occasion, whereas the value of K can be optionally configured by RRC. If not configured, K=0. 

· The starting symbol and length of the first transmission occasion is indicated by SLIV. 

· The length of the second transmission occasion is the same with the first transmission occasion.

· Exact candidate value of K can be decided in RAN1#99

· FFS: Any restrictions on the possible value pairs for K and SLIV
Agreement
For single-DCI based M-TRP URLLC scheme 4, the same value of SLIV is applied to all transmission occasions.

Agreement
If a UE can support and report R>1 for M-DCI based M-TRP/panel transmission, 

· The value of r for a downlink cell configured with M-DCI based M-TRP is determined as

· If UE reports pdcch-BlindDetectionCA, the value of r to be applied is optionally configured by RRC, either r=1 or reported value r=R 

· Note that when network configures r=1, it does not imply that UE has to support more CCs beyond the UE reported capability

· If UE does not report pdcch-BlindDetectionCA or the value of r is not configured by RRC, r=R. 

· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP such that A+R∙B>4, whereas R is reported by UE capability signaling.  

· If the UE does not report pdcch-BlindDetectionCA, the UE does not expect to be configured with DL cells to the UE such that A+ R∙B>4 with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0 DL serving cells with multi-DCI based multi-TRP, whereas R is reported by UE capability signaling.

· The value range of R is [1, 2], and is indicated through UE capability signalling.

· Note that this agreement does not preclude a UE from reporting multiple R values and corresponding A and B pairs depending on UE capability

· Note that how to capture above into the spec can be up to the editor.

Conclusion

The following is not supported in Rel-16 due to lack of consensus and time:

· Enhancement on TCI framework by indicating SSB/PCI from a non-serving cell for multi-TRP/panel transmission for an inter-cell scenario

Agreement
Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission at least for eMBB and URLLC scheme 1a if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  

· RRC signalling is used to configure the two PTRS ports

· Note that whether supporting two PTRS ports is subject to UE capability

· FFS: Applicability for other cases

Agreement
For single-DCI based M-TRP URLLC scheme 4, RVid indicated by the DCI is used to select a RV sequence to be applied to transmission occasions

· whereas RV sequences are the same with Table 5.1.2.1-2 in Rel-15 NR

Agreement
For single-DCI based M-TRP URLLC scheme 4, selected RV sequence is applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is RRC configured.
Agreement
For single-DCI based M-TRP URLLC scheme 4, for TCI state mapping to PDSCH transmission occasions, 

· Both options 1 and 2 are supported and switched by RRC signalling

· Option 1: support Cyclical mapping, e.g. TCI states #1#2#1#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated

· Option 2: support Sequential mapping, e.g. TCI states #1#1#2#2 are mapped to 4 transmission occasions if 2 TCI stats are indicated

· For more than 4 transmission occasions, above is repeated (for example, 8 transmission occasion in case of option 2: #1#1#2#2#1#1#2#2)

· FFS: The mapping between RV sequence and transmission occasions if the offset between the DCI and scheduled PDSCH is less than the threshold

· FFS: Whether both or one of the options is UE optional or not

Conclusion

For the purpose of identifying a DL serving cell used for multi-DCI based multi-TRP transmission, there is no consensus to introduce a new RRC parameter.

Conclusion

Whether to support multi-DCI based FDM scheme with repetition has no RRC impact. Further details of RAN1 spec impact can be further discussed in RAN1#99 meeting.

Agreement
For single-DCI based M-TRP URLLC scheme differentiation among schemes 2a/2b/3, from the UE perspective: 

· A new RRC parameter is introduced to enable [one scheme/multiple schemes] among 2a/2b/3. 

· FFS on details
· Note: dynamic switching between schemes (including fallback) is a separate discussion
In this contribution, we present further discussions on multiple PDCCH based and single PDCCH based non-coherent joint transmission and enhancements for URLLC transmission from multiple TRPs/panels.
2. Multiple PDCCH based multi-TRP/panel DL transmission
2.1. Enhancements on multiple PDCCHs/PDSCHs transmission
· BWP configuration for partial/full overlapping
For the case of that the time domain resources of multiple PDSCHs from different TRPs overlap partially or fully, it was agreed that UE can only receive those PDSCHs within one BWP simultaneously. Only one BWP can be activated for a UE per CC as specified in Rel-15. To ensure the same active BWP for PDSCHs transmitted from multiple TRPs, four alternatives were proposed in RAN1#96bis meeting:
· Alt.1:  Dynamic BWP switching is not allowed.
· Alt.2: A UE is not expected to be scheduled with PDSCHs simultaneously in different BWPs via multiple PDCCHs.

· Alt.3: Only the BWP indicator in one CORESET is effective for both PDSCHs.
· Alt.4: When a UE is scheduled with PDSCHs simultaneously in different BWPs via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped.
For Alt.1, it is too restricted to disable BWP indicator for a UE supporting multiple TRP/panel transmission. Since the transmission is a UE capability, and whether single or multiple TRPs are used for PDSCH transmission can be transparent to UE, it is difficult to inform UE whether dynamic BWP switching is allowed or not. 
For Alt.2, single active BWP is ensured by gNB. That might not be feasible for deployment scenarios with non-ideal backhaul. If the backhaul between multiple TRP is not ideal, dynamic coordination among TRPs is unavailable. Considering BWP switching can be dynamical by DCI, it is still possible that simultaneously scheduled PDSCHs are scheduled in different BWP. When that happens, the UE would treat it as an error case and drop both PDSCHs accordingly.
For Alt.3, the BWP is only indicated by one predefined PDCCH out of multiple PDCCHs. The PDSCH scheduled by secondary CORESET should follow the BWP of PDSCH scheduled by primary CORESET. In this alternative, the gNB should ensure both PDSCHs are transmitted in the same single active BWP. Otherwise UE may detect PDSCH scheduled by secondary CORESET in a wrong BWP.
For Alt.4, a priority needs to be defined among PDSCHs if they are scheduled in different BWP but collide in time domain. It may happen when backhaul among TRPs is non-ideal. This alternative is preferred because at least the PDSCH with higher priority can be decoded, in contrast to Alt.1 and Alt.2. In most cases, gNB can avoid the collision so that UE can decode both PDSCHs. 
Proposal 1: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped, or only one BWP indicator is effective.
· PDCCH/CORESET configuration
A UE should be clearly aware of whether, in each DL serving cell or active BWP, as the NW conducts multi-DCI based multiple TRP transmission due to the following reasons:
· UE needs that information to determine whether it is needed to further detect another possible DCI in the CORESETs.
· UE needs that information to determine the value of A and B to calculate A+R∙B.
In RAN1#98bis meeting, there was no conclusion to introduce RRC signalling to configure multi-DCI based multi-TRP transmission for a serving cell. Most companies agreed that the configuration of CORESETs can be used to differentiate single DCI and multiple DCI based DL transmission. Specifically, four options were discussed in the past meetings:
· Option 1: A DL serving cell is identified as multi-DCI based multi-TRP transmission if the CORESETs in active BWP of the serving cell are configured with different values of CORESETPoolIndex.

· Option 2: A DL serving cell is identified as multi-DCI based multi-TRP transmission if the CORESETs in any BWP of the serving cell are configured with different values of CORESETPoolIndex.
· Option 3: A DL serving cell is identified as multi-DCI based multi-TRP transmission if more than 3 CORESETs are configured in active BWP of the serving cell.
· Option 4: A DL serving cell is identified as multi-DCI based multi-TRP transmission if more than 3 CORESETs are configured in any BWP of the serving cell

On one hand, UE only needs to detect one DCI in each CORESET pool, and configuring multiple CORESET pools implies that the UE needs to detect multiple DCIs. Even when more than 3 CORESETs are configured as in option 3/4, they may be configured with the same value of CORESETPoolIndex and thus it is still only single-DCI based transmission. On the other hand, UE only needs to detect DCI in the CORESETs of active BWP. Option 2/4 may lead to unnecessary blind detection if the currently activated BWP is not configured with multiple DCI based transmission. Hence, option 1 should be used to determine whether there are multiple DCIs in an active BWP.

For the value of B, which is used to determine whether pdcch-BlindDetectionCA is reported by UE, whether the same conclusion can be made needs further discussion. Beside option 1, option 2 can also be considered to avoid a dynamic value of B due to BWP switching between BWP with and without multiple values of CORESETPoolIndex. For option 2, there is also a risk of additional blind decoding (R*B) in a serving cell with single DCI in active BWP and multiple DCI in inactive BWP. Considering unified design for the two application scenarios, option 1 is preferred to decide the value of B.
Proposal 2: If different values of CORESETPoolIndex are configured in active BWP of a serving cell, UE needs to detect two DCIs respectively in CORESET(s) with different CORESETPoolIndex.

Proposal 3: To determine whether a DL serving cell is configured with multi-DCI based multi-TRP for values of B, following two options can be considered, and option 1 is preferred  for unified design with proposal 7:
· Option 1: A DL serving cell is identified as multi-DCI based multi-TRP transmission if the CORESETs in active BWP of the serving cell are configured with different values of CORESETPoolIndex.

· Option 2: A DL serving cell is identified as multi-DCI based multi-TRP transmission if the CORESETs in any BWP of the serving cell are configured with different values of CORESETPoolIndex.

The UE behavior when the higher layer index per CORESET is not configured is unclear by now. If the index is not configured, it is straightforward to assume that all the transmissions are from the same TRP, and the UE behavior should fall back to that specified in Rel-15. No impact to current specification is needed if the specification only specifies the UE behavior with index configured for CORESETs. In this case, multiple dataScramblingIdentityPDSCH and multiple CRS patterns for different TRPs (except that for different carriers) are not needed and thus, they shall not be configured by gNB, or UE would use a default one if multiple configurations are indicated. The same UE behavior can also be applied to the case when the same index is indicated for all configured CORESETs. 
Another issue is whether to support the case that higher layer index is configured for some of the CORESETs but not configured for some other CORESETs. It is preferred that gNB should avoid that case since the use case for this configuration is unclear and would lead to ambiguous UE behavior.
Proposal 4: If CORESETPoolIndex is not configured for any CORESET, or the same value of CORESETPoolIndex is configured for all configured CORESETs in a BWP
· UE behavior will follow that of Rel-15.
· UE is not expected to be configured with multiple dataScramblingIdentityPDSCH.
· UE is not expected to be configured with multiple CRS patterns associated with different higher layer indexes.
Proposal 5: UE does not expect that the higher layer parameter CORESETPoolIndex is only configured to part of configured CORESETs in a BWP.
It was agreed that the maximal number of CORESETs per “PDCCH-config” is increased up to 5 subject to UE capability. The CORESETs for scheduling data of secondary TRP, e.g. CORESET(s) with higher layer index equal to 1, will only be used to schedule data transmission rather than system information or configuration information (e.g. paging, RRC signaling). Then it is not needed to support all the DCI formats in the search spaces associated with the CORESET. For example, considering all the MIMO functionality (e.g. antenna port indication, CSI triggering, TCI indication) is not supported by DCI format 1_0 and only antenna port 0 can be used, DCI format 1_0 is not likely used for data scheduling of secondary TRP. In this case, UE only needs to monitor DCI format 1_1 in the UE specific search spaces associated with the CORESET(s) configured with CORESETPoolIndex equal to 1. 
Proposal 6: To avoid unnecessary blind detection, only DCI format 1_1 needs to be detected in USS associated with CORESET(s) configured with CORESETPoolIndex =1.
· PDSCH processing/receiving 
PDSCHs from different TRPs could be configured with different reference signal resource IDs for spatial Rx parameter (QCL-TypeD parameter). A UE with single panel is able to detect multiple simultaneous PDSCHs only when they have same Rx beam/QCL-TypeD assumption. Therefore, when different QCL-TypeD configurations are configured to the PDSCHs, the UE with single panel needs to know which QCL-TypeD assumption shall be used. Similar to the discussion in simultaneous transmission/reception topic in Rel-15, a priority can be defined for the PDSCHs simultaneously transmitted from different TRPs. The UE can adopt the TCI state and QCL-TypeD assumption of the PDSCH with higher priority to ensure the performance of high priority PDSCH. The priority can be defined based on the scheduling information of the PDSCHs, e.g. scheduling time, DCI format, carried information etc.  
Proposal 7: Specify reception priority rule for PDSCHs that are simultaneously transmitted from multiple TRPs with different TCI states. The use case is at least for a single panel UE.
2.2.  Association between PUCCH/PUSCH and higher layer index
It was agreed in RAN1#98bis meeting that a PUCCH resource may be associated with higher layer index per CORESET, and a PUSCH is associated with the CORESET with the DCI scheduling the PUSCH. During the email discussion of RRC parameters, there were different opinions on whether explicit RRC signaling is needed to indicate the association between PUCCH resource and higher layer index per CORESET, and if not, how to implicitly associate a PUCCH resource with a higher layer index. 
Before discussing this issue, it should be firstly clarified whether all the UL channels need to support multiple TRP transmission. We analyze different types of UL signal case by case below.
· For dynamically scheduled PUSCH via UL grant, type 2 CG-PUSCH via UL grant, and HARQ-ACK corresponding to a dynamically scheduled PDSCH via DL grant, it can be naturally associated with the CORESET with the DCI scheduling the PUSCH/PDSCH as agreed.
· For PUCCH with P/SP CSI, different CSI may target different TRPs especially with non-ideal backhaul. It can be beneficial if each PUCCH resource with P/SP CSI can be associated with a higher layer index. If the association is not introduced, gNB can also ensure TDM between PUCCH with P/SP CSI for one TRP and PUSCH/PUCCH for another TRP via gNB implementation, e.g. semi-static resource reservation. 
· For PUCCH with SR, the use case to associate it with one TRP is unclear. For a UE with data to transmit, it is difficult to determine the targeted TRP and choose corresponding SR resource without any channel information and traffic information of both TRPs. At least in Rel-16, we don’t think it is needed to introduce multiple TRP based SR transmission. By default, SR can be always associated with CORRSET with CORESETPoolIndex=0 if needed. It can be further discussed in uplink multiple panel transmission in Rel-17 if supported.
· For PUCCH with HARQ-ACK corresponding to a SPS-PDSCH, the PUCCH resource for corresponding HARQ-ACK is configured via RRC, which is not associated with any DCI and CORESET. Current designs for M-TRP enhancement is mostly based on DL grant, and there is no time to further consider multiple TRP based transmission for SPS PDSCH. Considering only one sps-config can be configured for a UE (which implies single TRP at one time) and it is too late to add additional parameter in sps-config, UE can simply assume that it always comes from the first TRP. That is, for SPS PDSCH, corresponding HARQ-ACK is always associated with CORESETPoolIndex=0.
· For type 1 CG-PUSCH scheduled by higher layer, the situation is similar to SPS-PDSCH. Considering limited time and restriction on additional RRC parameter, UE can assume that the PUSCH is always associated with CORESETPoolIndex=0 and follow the UE behaviour in Rel-15. It can be further discussed in uplink multiple panel transmission in Rel-17 if supported.
Proposal 8: If additional association between PUCCH and CORESETPoolIndex is introduced, it is only applied to PUCCH with P/SP CSI.

· For PUCCH with HARQ-ACK for SPS-PDSCH, PUCCH with SR and type 1 configured grant PUSCH, UE assume that it always associates with CORESET with CORESETPoolIndex=0.
For additional association between PUCCH resource and higher layer index, many proposals were provided in RAN1#98bis meeting. The possible alternatives are summarized and analyzed below.
· Alt.1: RRC signaling to configure a higher layer index per PUCCH resource

· Pros: Simplified specification effort
· Cons: Redundant signaling and ambiguous UE behaviour if a PUCCH resource is already implicitly associated with a higher layer index (e.g. for a PUCCH resource potential for ACK/NACK transmission) or the PUCCH resource is for SR transmission. 
· Alt.2: Implicitly associate PUCCH resource configuration with a higher layer index
· Alt.2.1: Hard association of PUCCH resources, e.g. the index/ID of configured PUCCH resource is associated with a value of CORESETPoolIndex.
· Pros: No additional signalling
· Cons: The scheduling flexibility is very restricted.
· Cons: Ambiguous UE behaviour if a PUCCH resource is already implicitly associated with a higher layer index (e.g. for a PUCCH resource potential for ACK/NACK transmission) or the PUCCH resource is for SR transmission.
· Alt.2.2: Whether the source RS in the activated spatial relation of the PUCCH resource is the same as the QCL source RS in the activated TCI state of the CORESET.
· Pros: No additional signalling
· Cons: Uncompleted solution: The source RS may be SRS, and different source RS may be used for PUCCH and CORESET

· Cons: Ambiguous UE behaviour if a PUCCH resource is already implicitly associated with a higher layer index (e.g. for a PUCCH resource potential for ACK/NACK transmission) or the PUCCH resource is for SR transmission.
· Alt.2.3: Association between closed loop index for a PUCCH resource and a higher layer index.
· Pros: No additional signalling
· Cons: The flexibility of configuring two closed loop indexes for different beams of a TRP is lost, which was supported in Rel-15.
· Cons: Ambiguous UE behaviour if a PUCCH resource is already implicitly associated with a higher layer index (e.g. for a PUCCH resource potential for ACK/NACK transmission) or the PUCCH resource is for SR transmission.
· Alt.3: Grouping of CSI report configurations for P/SP CSI to be associated with different values of CORESETPoolIndex. 
· Alt.3.1: RRC signaling to configure a higher layer index per CSI report configuration for P/SP CSI.
· Pros: No redundant signaling and clear UE behaviour.
· Pros: For SP CSI, it is possible that a PUCCH resource is shared by two TRPs via TDM for resource efficiency.
· Alt.3.2: Implicitly associate CSI report configurations (e.g. CSI report configuration ID) for P/SP CSI with values of CORESETPoolIndex.
· Pros: No additional signalling
· Pros. A complete solution without ambiguous UE behaviour.
· Cons: Loss of some flexibility on the configuration of CSI report configuration for P/SP CSI (it is not an issue considering the number of CSI report configuration is sufficient)
· Alt.4: Reuse the signaling of PUCCH resource grouping in MB1 for updating spatial relation information

· Pros: No additional signalling
· Pros. Consistent design between M-TRP and MB1

· Cons: Uncompleted solution due to the dependence between M-TRP and MB1, e.g. a solution is still needed when MB1 functionality is not supported or not configured.
· Cons: Redundant signaling and ambiguous UE behaviour if a PUCCH resource is already implicitly associated with a higher layer index (e.g. for a PUCCH resource potential for ACK/NACK transmission) or the PUCCH resource is for SR transmission.
· Alt.5: No further enhancement on the association, and define UE behavior based on current agreements (Up to gNB scheduling to ensure TDM of PUCCH/PUSCH for different TRPs).

· Pros. Save the discussion time and signaling overhead
· Cons: Different UE behaviour for PUCCH resource with and without association.
Based on the above analysis, Alt.3 and Alt.5 can be further considered for the association. However, it should be noticed that even when further association is agreed for PUCCH (e.g. via Alt.1-4), it is not yet a completed solution. If a configured grant based PUSCH configured by RRC collides with PUCCH, the association between the PUSCH and a higher layer index is still needed. If there is no enough time or no consensus to conclude discussion in this meeting, it is naturally that Alt.5 should be applied.
Proposal 9: For association between PUCCH and CORESETPoolIndex, support one of the following options:
· Option 1: Support grouping of CSI report configurations for P/SP CSI to be associated with different values of CORESETPoolIndex.

· Option 2: No further enhancement on the association. According to current agreements, 
· For PUCCH/PUSCH associated with a value of CORESETPoolIndex (e.g. for ACK/NACK),  the value is used to differentiate TRP to determine whether there is overlapping among TRPs
· For PUCCH resource or PUSCH not associated with a value of CORESETPoolIndex (e.g. for P/SP CSI), UE doesn't expect there would be overlapped PUCCHs/PUSCHs transmission toward different TRPs (which means Rel-15 multiplexing is used)
· If there is no consensus on this issue, Option 2 should be applied by default.
3. Single PDCCH based multi-TRP/panel DL transmission
In RAN1#98 meeting, there was no consensus to support 1+3/3+1 layer combination, MU cases and two CWs in Rel-16. In this case, we only need to consider the layer combinations of 1+1, 1+2, 2+1 and 2+2 for DMRS table design. Current DMRS table specified in Rel-15 already supports 1+1, 2+1 and 2+2 combinations. In RAN1#98bis meeting, it was agreed to support DMRS entry {0,2,3} with 2 CDM groups without data for type-1 DMRS and layer combination 1+2. Considering the reserved entry in Rel-15 DMRS table is sufficient to support this new entry, introducing a new DMRS table in Rel-16 is not necessary. 
Proposal 10: Reuse Rel-15 DMRS table with the agreed new entry to support NC-JT.
When two TCI states and two CDM groups are indicated by DCI, the first TCI state will be applied to the first indicated CDM group, while the second TCI state will be applied to the second indicated CDM group. In current DMRS table, the indicated DMRS ports are sorted in the ascending order of port index. Then it is straightforward that the 1st indicated CDM group is associated with the 1st indicated DMRS ports. For example, for DMRS port {a; b}, a presents the 1st CDM group, while b presents the 2nd CDM group.

Among multiple TRPs transmitting PDSCH to a UE, one of the TRPs may be blocked due to some reason, e.g. overshadowed by something. In this case, the gNB should only schedule PDSCH from the unblocked TRP to avoid unnecessary retransmission since data from different TRPs may share the same codeword. Then dynamic switching between DPS and NC-JT should be supported to guarantee that the PDSCH is always only transmitted from available TRP(s). Two methods can be considered to support the switching:
· Method 1: Up to N TCI state sets can be activated via MAC CE, where each TCI state set includes one or two TCI states. The dynamic switching can be achieved via DCI by indicating one of TCI state sets with one or two TCI states. 
· Method 2: Up to N TCI state sets can be activated via MAC CE, where each TCI state set includes two TCI states. The dynamic switching can be achieved via DCI by configuration of DMRS ports. That is, when DMRS ports from one CDM group are configured, the corresponding CDM group index can be used to select one TCI state from indicated two TCI states to support DPS. When multiple CDM groups are configured, both activated TCI states will be applied to support NC-JT.
In Method 1, more TCI state sets are needed to be activated via MAC CE, and 3 bits TCI field seems insufficient. For example, for a TCI state pair {TCI0, TCI1}, three TCI state sets, {TCI0}, {TCI1}, {TCI0, TCI1}, are needed for Method 1, while one set {TCI0, TCI1} is sufficient for Method 2. Typically, method 1 needs 2 more DCI bits than Method 2 to support the same number of activated TCI states for dynamic switching between DPS and NC-JT. It is preferred to support Method 2 for dynamic switching between DPS and NC-JT, with the same size of TCI field as in Rel-15. 
Proposal 11: To support dynamic switching between DPS and NC-JT for eMBB, the UE can be indicted with two TCI states and one or multiple DMRS CDM groups:

· If one CDM group is indicated in DCI, the UE applies one of the TCI states according to the indicated CDM group index;

· If multiple CDM groups are indicated in DCI, the UE applies both TCI states.
4. multi-TRP/panel DL transmission for URLLC
4.1. Further design for scheme 2b, 3 and 4
It was agreed that the RV ID indicated by DCI is used to select one out of four predefined RV sequence candidates for scheme 2b. The length of the RV sequence is 2. Straightforwardly, the RV sequence in Rel-15 defined for two slot aggregation can be reused for scheme 2b. Furthermore, considering at most two repetitions are supported for scheme 3, the same RV sequence candidates can be used for scheme 2b and 3 for simplification of specification.
Proposal 12: The same RV sequence candidates are used for scheme 2b and scheme 3.
In Rel-15, the UL-DL slot format can be configured by RRC or DCI format 2-1, and a symbol can be configured for UL or DL transmission dynamically. If the physical resource for the first repetition and duration of each repetition can be indicated by gNB via DL grant as proposed, gNB can easily avoid the case of repetition in a UL symbol even when the slot format is indicated by DCI format 2-1. Hence, how to avoid the collision case can be left to gNB implementation. 
Proposal 13: UE is not expected to be configured with a PDSCH repetition in an uplink symbol.
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 14: 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.
4.2. Configuration of different schemes
How to differentiate different schemes for multiple TRP based URLLC was discussed in RAN1#98bis meeting. Based on previous agreement, scheme 1a can be differentiated from other schemes via the number of CDM group (2 CDM groups for 1a and 1 CDM group for other schemes), and scheme 4 can be indicated via the number of repetitions indicated by TDRA field (repetition number >1 for scheme 4 and repetition number =1 for other schemes). For 2a/2b/3, it was agreed to introduce a new RRC parameter to configure among at least part of schemes of scheme 2a/2b/3. Based on companies’ proposals, the following options can be considered:
· Option 1: 2 bits RRC signaling is used to configure among scheme 2a, 2b and 3.
· Option 2: 1 bit RRC signaling is used to configure between scheme 2a/2b and 3, and dynamic signaling is used to configure between 2a and 2b.
· Option 2-1: The reversed NDI bit for the disabled TB can be reused to indicate scheme 2a/2b
· Option 2-2: Different DMRS entries are used for DMRS port indication of scheme 2a/2b.
Compared to option 1, option 2 can provide additional flexibility for dynamic switching between scheme 2a and 2b, which is useful for scenarios with potential blocking. Option 2-2 requires new DMRS tables because reserved DMRS entries in Rel-15 DMRS table are insufficient to support grouping of DMRS ports for scheme 2a/2b (e.g. for dmrs-Type=1, maxLength=2 ). In this case, option 2-1 is preferred considering that the specification effort is simpler and the DMRS indication table for eMBB can be reused for URLLC.
Proposal 15: Scheme 4 is differentiated from scheme 2a/2b/3 by the number of configured repeititions (slots) and scheme 4 is configured of repetition (slot) number is larger than 1.
Proposal 16: Support one of the following options to differentiate scheme 2a/2b/3:

· Option 1: 2 bits RRC signaling to configure among scheme 2a, 2b and 3.
· Option 2-1: 1 bit RRC signaling to configure between scheme 2a/2b and 3, and reuse reserved NDI bit to differentiate scheme 2a and 2b.
5. Conclusion

In this contribution, we discuss the potential enhancements to support non-coherent joint transmission and URLLC. The proposals are summarized below:
Proposal 1: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped, or only one BWP indicator is effective.
Proposal 2: If different values of CORESETPoolIndex are configured in active BWP of a serving cell, UE needs to detect two DCIs respectively in CORESET(s) with different CORESETPoolIndex.

Proposal 3: To determine whether a DL serving cell is configured with multi-DCI based multi-TRP for values of B, following two options can be considered, and option 1 is preferred  for unified design with proposal 7:
· Option 1: A DL serving cell is identified as multi-DCI based multi-TRP transmission if the CORESETs in active BWP of the serving cell are configured with different values of CORESETPoolIndex.

· Option 2: A DL serving cell is identified as multi-DCI based multi-TRP transmission if the CORESETs in any BWP of the serving cell are configured with different values of CORESETPoolIndex.

Proposal 4: If CORESETPoolIndex is not configured for any CORESET, or the same value of CORESETPoolIndex is configured for all configured CORESETs in a BWP
· UE behavior will follow that of Rel-15.
· UE is not expected to be configured with multiple dataScramblingIdentityPDSCH.
· UE is not expected to be configured with multiple CRS patterns associated with different higher layer indexes.
Proposal 5: UE does not expect that the higher layer parameter CORESETPoolIndex is only configured to part of configured CORESETs in a BWP.
Proposal 6: To avoid unnecessary blind detection, only DCI format 1_1 needs to be detected in USS associated with CORESET(s) configured with CORESETPoolIndex =1.
Proposal 7: Specify reception priority rule for PDSCHs that are simultaneously transmitted from multiple TRPs with different TCI states. The use case is at least for a single panel UE.

Proposal 8: If additional association between PUCCH and CORESETPoolIndex is introduced, it is only applied to PUCCH with P/SP CSI.

· For PUCCH with HARQ-ACK for SPS-PDSCH, PUCCH with SR and type 1 configured grant PUSCH, UE assume that it always associates with CORESET with CORESETPoolIndex=0.
Proposal 9: For association between PUCCH and CORESETPoolIndex, support one of the following options:

· Option 1: Support grouping of CSI report configurations for P/SP CSI to be associated with different values of CORESETPoolIndex.

· Option 2: No further enhancement on the association. According to current agreements, 
· For PUCCH/PUSCH associated with a value of CORESETPoolIndex (e.g. for ACK/NACK),  the value is used to differentiate TRP to determine whether there is overlapping among TRPs
· For PUCCH resource or PUSCH not associated with a value of CORESETPoolIndex (e.g. for P/SP CSI), UE doesn't expect there would be overlapped PUCCHs/PUSCHs transmission toward different TRPs (which means Rel-15 multiplexing is used)
· If there is no consensus on this issue, Option 2 should be applied by default.
Proposal 10: Reuse Rel-15 DMRS table with the agreed new entry to support NC-JT.
Proposal 11: To support dynamic switching between DPS and NC-JT for eMBB, the UE can be indicted with two TCI states and one or multiple DMRS CDM groups:

· If one CDM group is indicated in DCI, the UE applies one of the TCI states according to the indicated CDM group index;

· If multiple CDM groups are indicated in DCI, the UE applies both TCI states.
Proposal 12: The same RV sequence candidates are used for scheme 2b and scheme 3.
Proposal 13: UE is not expected to be configured with a PDSCH repetition in an uplink symbol.
Proposal 14: 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.
Proposal 15: Scheme 4 is differentiated from scheme 2a/2b/3 by the number of configured repeititions (slots) and scheme 4 is configured of repetition (slot) number is larger than 1.

Proposal 16: Support one of the following options to differentiate scheme 2a/2b/3:

· Option 1: 2 bits RRC signaling to configure among scheme 2a, 2b and 3.
· Option 2-1: 1 bit RRC signaling to configure between scheme 2a/2b and 3, and reuse reserved NDI bit to differentiate scheme 2a and 2b.
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