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1 Introduction
This contribution presents our views on remaining details for supporting multi-TRP PDSCH transmission. 
2 Single-PDCCH based downlink data transmission
RAN1 had been agreed to support indication for one or two TCI-states in a DCI. To avoid complicating UE’s implementation, it should be specified that multiple TCI-state indication is only supported in S-DCI case, but not for M-DCI case. 

Proposal 1: In the case that multiple DCIs schedule PDSCHs intended for a UE in a given slot, at least for eMBB, the UE can ignore the PDSCH scheduled by a DCI indicating more than one TCI-state. 
3 Multiple-PDCCH based downlink data transmission
This section provides our views for the FFS items for M-DCI based cases and the rate-matching issue.
Alignment of PRG-level grid from multiple TRPs
Regarding the FFS item “alignment of PRG-level grid from multiple TRPs”, we think it is necessary to ensure the quality of interference measurement in the multi-PDSCH scenarios. In Rel-15, we have similar constraints specified in 38.214 for DMRS ports within the same CDM group to improve channel estimation performance: 

· The UE does not expect the precoding of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be different in the PRG-level grid configured to this UE with PRG =2 or 4.

· The UE does not expect the resource allocation of the potential co-scheduled UE(s) in other DM-RS ports of the same CDM group to be misaligned in the PRG-level grid to this UE with PRG=2 or 4.

We suggest to extend the similar constraints to DMRS ports in different CDM groups; it facilitates UE’s processing so that a UE doesn’t need to have multiple assumptions on the PRG for interference handling. 
Proposal 2: For multi-DCI based PDSCH reception of a UE:

· The UE expects the precoding of the potential co-scheduled PDSCHs associated with other DM-RS ports within all CDM group(s) without data is the same in the PRG-level grid configured to this UE with PRG =2 or 4.

· The UE expects the resource allocation of the potential co-scheduled PDSCHs associated with other DM-RS ports ports within all CDM group(s) without data are aligned in the PRG-level grid to this UE with PRG=2 or 4.

How to ensure the same active BWP between multiple TRPs

In principle the multi-TRP transmission scheme should not complicate the legacy BWP operation. Allowing BWP switch command from both two TRPs would lead to large spec effort in the following aspects:

1) Without any constraint, the PDSCHs from two TRPs may reside in non-overlapped BWPs.  In such a case, a UE has to adjust its RF receiving bandwidth to be large enough to receive signals from both two BWPs. It conflicts with the motivation of introducing BWP switching.

2) After receiving BWP switch command from one TRP (TRP1), another TRP (TRP2) needs to know which BWP is switched to so that the transmission from TRP2 can reside in the new BWP.
It had been agreed that a UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols. For ideal backhaul case, the criterion of the same active BWP bandwidth can be achieved by network’s implementation without spec impact. However, for the scenario with non-ideal backhaul, relying on network implementation may lead to less opportunity for BWP switch. 

A simple approach to solve issues above with almost no spec impact is treating one coordinated TRP as a slave TRP for the purpose of throughput enhancement, and BWP switch operation is only controlled by a master TRP. This can be achieved by the following constraints: 
1) BWP switch command is allowed only from the master TRP

2) Frequency domain resource allocation for PDSCH from slave TRP is always within the BWP used by the master TRP
As a result, the UE always follows the legacy BWP switch procedure, and the slave TRP does not need to know which BWP the UE resides in. From UE’s perspective, the active BWP is the same for PDSCHs from two TRPs. 
Proposal 3: For a UE expected to receive two PDCCHs from two TRPs, BWP switch command is allowed only from a master TRP. Frequency-domain resource allocation for PDSCH from slave TRP is always within the BWP used by the master TRP.
Rate-matching related issues

For the multi-DCI based PDSCH reception, a UE needs to consider the collision between DMRS from two TRPs and also the collision between DMRS from TRP1 and PDSCH from TRP2 if no further restriction is introduced. From the perspective of UE complexity for the collision handling and the channel estimation quality based on DMRS measurement, it is better to avoid colliding between PDSCH and DMRS on the REs carrying DMRS. In Rel-15, rate matching indication of PDSCH around DMRS ports for co-scheduled UEs can be achieved by using the DCI information “CDM group without data”. In the case with ideal-backhaul, it should be ok by network’s implementation to avoid the colliding by dynamically signalling the correct setting for “CDM group without data”. On the other hand, for the case with non-ideal backhaul, we may simply set that the number of CDM groups without data is fixed to 2 for DMRS configuration type 1 and is fixed to 3 for DMRS configuration type 2. This is also achievable by network’s implementation. As a result handling the interference from other TRP is similar to handling MU interference in Rel-15. In summary, we propose to specify that a UE expects the PDSCHs scheduled by M-DCI intended for this UE do not collide with the DMRS REs associated with the PDSCHs. 

Proposal 4: A UE expects the PDSCHs scheduled by M-DCI intended for this UE in a given slot do not collide with the DMRS REs associated with the PDSCHs. The UE can ignore a PDSCH colliding with DMRS REs associated with another PDSCH.
CRS rate-matching

Agreement

At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs

· Alt2: configured CRS patterns which are associated with a higher layer signalling 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.

We think Alt 1 is a better approach for both UE’s complexity and decoding performance. Since the LTE CRS patterns from TRP1 or TRP2 are punctured from both of the PDSCH’s, the UE doesn’t need to consider CRS cancellation to enhance decoding performance; the only concern is the increased overhead for RRC signalling. In contrast, NR PDSCH decoding performance based on Alt 2 may be highly related to cell size (or distance between TRP’s). The NR data transmission also degrades the performance in LTE system.    

Proposal 5: For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around configured CRS patterns for all PDSCHs transmitted from multiple TRPs.
PDSCH scrambling

Agreement

In case higher layer index per CORESET is configured, 

· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Regarding the issue for further study, since the total number of codewords for M-DCI based scenarios is 2, we could reuse the Rel-15 framework for two codewords. The mapping of q = 0 is corresponding to the codeword associated with the CDM group with lowest CDM group index, while the other codeword uses q = 1.

Proposal 6: In case the higher layer index per CORESET is not configured, the mapping of q to each codeword for PDSCH scrambling is decided by the lowest CDM group index associated with each codeword.
4  Feedback for multiple-PDCCH based downlink data transmission

In the following we provide our views on remaining FFS issues related to HARQ ACK report and CSI feedback.

HARQ ACK feedback
Agreement

In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 

· HARQ-ACK information bits are concatenated by the increasing order of

· PDSCH reception occasion index at first

· and then serving cell index

· and TRP (i.e. higher layer index configured per CORESET (if configured))

· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

In case there is no higher layer index per CORESET is configured, to order the HARQ-ACK associated with PDSCHs from multiple TRPs, we may determine the order according to CORESET-id and/or serving cell ID. Since same cell-ID and different cell-ID are both supported in Rel-16, we may compare cell-ID first and then compare CORESET-id if cell-ID is the same for the configurations of two CORESETs. 
Proposal 7: In case there is no higher layer index per CORESET is configured, determine the order for HARQ-ACKs associated with PDSCHs according to CORESET-id and/or serving cell ID. Compare cell-ID first and then compare CORESET-id if cell-ID is the same for the configurations of two CORESETs.
CSI feedback

For M-DCI based M-TRP transmission in non-ideal backhaul cases, it is expected that legacy DCI formats will be reused. Without defining any further constraints, it is possible that two TRPs both send A-CSI triggers in the same slot or in different slots. Suppose a UE can receive a CSI request via PDCCH from TRP#1 or TRP#2. After receiving a CSI request associated with multiple CSI reports from one TRP, UE may follow legacy priority rules to determine which CSI reports are committed to be updated and occupy the remaining available CSI processing units (CPUs). The UE also determines the CSI processing time (i.e., Z and Z’ defined in Sec. 5.4 in 38.214) corresponding to the committed CSI reports. In Rel-15, network and UE have common understanding on the priority rules and the status of CPUs, so no additional signalling is needed to let network know which CSI reports are not updated.  
However, for non-ideal backhaul case where communication delay is expected between two TRPs, TRP#1 or TRP#2 cannot know how many CPUs are already occupied especially for those CPUs are occupied due to A-CSI trigger sent by another TRP. As a result, some of CSI reports triggered by a CSI request may not be updated, and the network side (including either of the two TRPs or both two TRPs) cannot exactly know which reports are not updated, because either one of the two TRPs doesn’t know how many remaining CPUs are available due to potential CSI trigger from another TRP. On the other hand, CPU occupancy time associated with CSI reports triggered by TRP#1 committed to be updated is also not known by TRP#2. 
To minimize these uncertainties, we may consider one of the following alternatives:

Alt 1: A UE expects that only DCI from a particular TRP contains A-CSI triggering command.
Alt 2: A UE is expected to receive CSI trigger from only one TRP with in a slot. Which TRP can transmit the trigger is predefined or configured by network.
Alt 3: It is allowed to receive two A-CSI trigger DCIs in the same slot. 
Alt 3 is a proper choice to keep the flexibility for network to acquire CSI. When the remaining unoccupied CPUs are not sufficient for all CSI reports triggered by the two DCIs, a UE needs to select part of the reports for update based on a TRP-based priority rule that prioritizes the reports associated with one of the DCI first, according to some CORESET-specific index associated with each DCI. Then the UE selects reports from all reports triggered by two DCIs for update according to the TRP-based priority rule, legacy priority rules defined for CSI reports triggered by a single-TRP, and remaining unoccupied CPUs. If remaining unoccupied CPUs are still available after CPU allocation for the reports triggered by the prioritized DCI, the UE follows the legacy priority rules to determine the reports to be updated for another DCI. Another easier approach is that all the reports associated with the DCI with lower priority is not required to be updated.
We may reuse the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs to prioritize reports triggered by each DCI. When this higher layer index is not configured for joint ACK/NACK codebook, it is supposed to be with ideal-backhaul; in this case we don’t need the TRP-based priority rule.  
When a UE does not update a CSI report, it is up to UE’s implementation on what the CSI report is in Rel-15. The CSI report may be a previous outdated report, dummy information, or a signalling indicates that the report is supposed to be “not” updated by the UE. 
For the multiple TRP scenarios with non-ideal backhaul, special patterns can be used in CSI reports so that each TRP can identify which CSI reports are really updated without knowing whether remaining CPUs are enough for updating triggered CSI reports.
In all, we have the following proposals for A-CSI triggering in M-DCI based cases:
Proposal 8: Define a priority rule associated with each DCI to determine the order of CSI reports for occupying CPUs for M-DCI based A-CSI triggering. 
Proposal 9: For M-DCI case, when multiple DCIs trigger aperiodic CSI within the same slot, a priority rule based on an index assigned to the CORESET associated with each DCI is applied to determine the order of CPU occupancy. The CSI reports triggered by a DCI with higher priority are considered first for CPU occupancy, based on Rel-15 CPU occupying rules for single DCI case.  
Proposal 10: A predefined sequence of UCI bits representing CSI components is used for a CSI report that the UE does not update. 
5 Conclusion

This contribution investigated issues for supporting of single-PDCCH based and multiple-PDCCH based PDSCH transmissions. We have the following proposals:

Proposal 1: In the case that multiple DCIs schedule PDSCHs intended for a UE in a given slot, at least for eMBB, the UE can ignore the PDSCH scheduled by a DCI indicating more than one TCI-state. 

Proposal 2: For multi-DCI based PDSCH reception of a UE:

· The UE expects the precoding of the potential co-scheduled PDSCHs associated with other DM-RS ports within all CDM group(s) without data is the same in the PRG-level grid configured to this UE with PRG =2 or 4.

· The UE expects the resource allocation of the potential co-scheduled PDSCHs associated with other DM-RS ports ports within all CDM group(s) without data are aligned in the PRG-level grid to this UE with PRG=2 or 4.

Proposal 3: For a UE expected to receive two PDCCHs from two TRPs, BWP switch command is allowed only from a master TRP. Frequency-domain resource allocation for PDSCH from slave TRP is always within the BWP used by the master TRP.

Proposal 4: A UE expects the PDSCHs scheduled by M-DCI intended for this UE in a given slot do not collide with the DMRS REs associated with the PDSCHs. The UE can ignore a PDSCH colliding with DMRS REs associated with another PDSCH.

Proposal 5: For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around configured CRS patterns for all PDSCHs transmitted from multiple TRPs.

Proposal 6: In case the higher layer index per CORESET is not configured, the mapping of q to each codeword for PDSCH scrambling is decided by the lowest CDM group index associated with each codeword.
Proposal 7: In case there is no higher layer index per CORESET is configured, determine the order for HARQ-ACKs associated with PDSCHs according to CORESET-id and/or serving cell ID. Compare cell-ID first and then compare CORESET-id if cell-ID is the same for the configurations of two CORESETs.
Proposal 8: Define a priority rule associated with each DCI to determine the order of CSI reports for occupying CPUs for M-DCI based A-CSI triggering. 

Proposal 9: For M-DCI case, when multiple DCIs trigger aperiodic CSI within the same slot, a priority rule based on an index assigned to the CORESET associated with each DCI is applied to determine the order of CPU occupancy. The CSI reports triggered by a DCI with higher priority are considered first for CPU occupancy, based on Rel-15 CPU occupying rules for single DCI case.  
Proposal 10: A predefined sequence of UCI bits representing CSI components is used for a CSI report that the UE does not update. 
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