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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
This section provides our views for the FFS items for S-DCI based cases, PTRS related issues and the rate-matching issue.

RV sequence for URLLC scheme 2b
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)
  RV0 and RV3 could be decoded alone by receiving either one of them at most of code rate because of the systematic bits design while RV1 and RV2 are less self-decodable in higher code rate. In rel-15, the redundant version field is a mapping from 2bits integer in {00, 01, 10, 11} to predefined rvid in {0, 1, 2, 3}, which corresponding to the start position of circular buffer. Since single DCI has one codeword but two TCI states, two RV versions, same or different, are needed to indicate two TCI states, each from total of two TRP’s. That is, one possible entry of redundant version field represents a pair of (a, b) and each element is from rvid in {0, 1, 2, 3}, where the 1st element is the RV version for the 1st TRP and the 2nd element is the RV version for 2nd TRP. Since scheme 2b is non-overlapped FDM, the self-decodable property of RV0 and RV3 is helpful when the signal from one TRP is bad, especially for case of blocking in FR2. Thus, pair of (0, 3) is a good choice. The pair of (2, 1) is good for subsequent transmission to have coding gain. For low coding rate, all the RV’s perform similarly. Thus, pairs of (0, 0), (2, 2), (3, 3) and (1, 1), defined as forward action, could be applied in order and repeat the pattern in subsequent transmissions. For flexibility to adjust transmission based on channel conditions, the pairs of order (1, 1), (3, 3), (2, 2) and (0, 0), defined as reverse action, is also preferred. Hence, the redundant version field defines a mapping from {00, 01, 10, 11} to {(0, 3), (2, 1), forward, reverse} and could preempt RV pairs sequence by switching among four different actions that follows the DCI indication.     

Proposal 1: For S-DCI based M-TRP URLLC scheme 2b, each entry of redundant version field represents a pair of (a, b) and each element of a or b is from rvid in {0, 1, 2, 3} or forward/reverse actions (predefined sequence of (a, b) pairs), where the 1st element is the RV version for the 1st TRP and the 2nd element is the RV version for 2nd TRP, which defined by HighLayerIndex. 
Proposal 2: For S-DCI based M-TRP URLLC scheme 2b, the redundant version field defines a mapping from {00, 01, 10, 11} to {(0, 3), (2, 1), forward, reverse} and could pre-empt RV pairs sequence by switching among four different actions that follows the DCI indication. 
TCI state indication
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 3: 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. 

PTRS design on S-DCI M-TRP
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

  Two PTRS ports for S-DCI Multi-TRP has been agreed. Note that supporting two PTRS ports is UE capability since phase noise does not have the significant performance impact for lower order modulation. Since PTRS is dense in time but sparse in frequency, applying PTRS for other purpose such as frequency tracking might need higher SNR to operate due to the lack of observations. Compared to TRS, the frequency density of PTRS is very low (at most 1 every 24 RE’s). On channel estimation, time domain filter is possible based on PTRS.
Proposal 4: PTRS on frequency tracking or channel estimation is FFS. 
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.
Handle DMRS patterns when CRS patterns are configured 
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.
  CRS locates at OFDM symbol in {0, 4, 7, 11} for AP0 and AP1 while it locates at OFDM symbol {1, 8} for AP2 and AP3 with SCS = 15 KHz. Refer to the Figure 1 for CRS location in normal CP based on TR 36.211. For DMRS locations, NR defines 1) with PDSCH type A, l0 = 2 or 3, l1 = 11 or 12, {7, 9, l1} for pos1 if single symbol, {8, 10} for pos1 if double symbols, {6, 7, 9, 11} for pos2 if single symbol, and {5, 6, 7, 8, 9, 11} for pos3 if single symbol, and 2) with PDSCH type B, l0 = 0 with respect to PDSCH start symbol and {4} for pos1 if single symbol. Hence, NR with NCP, SCS = 15 KHz configuration might collide with CRS at symbol {4, 7, 11} for AP0 and AP1. In addition, collide at symbol {8} with AP 2 and AP3. For CRS, the RS location in frequency domain is at RE location {0 + vshift, 3 + vshift, 6 + vshift, 9+ vshift }  for AP 0 and AP1 and at RE location {0 + vshift, 3 + vshift, 6 + vshift, 9+ vshift }. For NR DMRS, type 1 has RE locations at 2i for CDM 0 and 2i +1 for CDM1 for i = 0, 1, 2, 3, 4, 5 while type 2  has RE locations at {0, 1, 6, 7} for CDM0, {2, 3, 8, 9} for CDM 1 and {4, 5, 10,11} for CDM2.
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Observation 1: DMRS shifting to avoid CRS collision seems difficult. Advanced interference cancellation scheme might be needed.  
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 5: 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 6: 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. 
In RAN1-98bis, the following proposal was considered:

For DMRS rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, down-select one alternative from following: 

Alt1: For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.     

Alt2: For PDSCHs scheduled by M-DCI, at least for eMBB, the UE can ignore a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs collide with DMRS REs associated with another PDSCH. 

Alt3: CDM group without data for each TRP/panel should be configured and indicated to the UE prior to M-DCI NCJT

Alt4: No further restriction whereas DMRS rate matching of a PDSCH follows associated DCI indicating CDM group without data. 
Proposal 7: For DMRS rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, down-select one alternative from following: 

•
Alt1: For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.     

•
Alt2: For PDSCHs scheduled by M-DCI, at least for eMBB, the UE can ignore a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs collide with DMRS REs associated with another PDSCH.
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 8: 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 Robustness/Reliability Enhancements on PDSCH Multiple TRP transmission

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

Repetition of S-DCI M-TRP URLLC scheme 4
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.

Proposal 9: The maximum number of repetition could follow slot aggregation in Rel 15, i.e., pdsch-AggregationFactor = 8.
TCI patterns on S-DCI URLLC scheme 4

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

Proposal 10: Support option 2.
Proposal 11: Offset between the DCI and scheduled PDSCH should be at least 1 slot; otherwise, should use scheme 3 instead. No special handling is needed. If consider power consumption, could be FFS. 
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 12: 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 13: 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 14: 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: For S-DCI based M-TRP URLLC scheme 2b, each entry of redundant version field represents a pair of (a, b) and each element of a or b is from rvid in {0, 1, 2, 3} or forward/reverse actions (predefined sequence of (a, b) pairs), where the 1st element is the RV version for the 1st TRP and the 2nd element is the RV version for 2nd TRP, which defined by HighLayerIndex. 
Proposal 2: For S-DCI based M-TRP URLLC scheme 2b, the redundant version field defines a mapping from {00, 01, 10, 11} to {(0, 3), (2, 1), forward, reverse} and could pre-empt RV pairs sequence by switching among four different actions that follows the DCI indication. 
Proposal 3: 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 4: PTRS on frequency tracking or channel estimation is FFS. 
Observation 1: DMRS shifting to avoid CRS collision seems difficult. Advanced interference cancellation scheme might be needed.  
Proposal 5: 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 6: 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 7: For DMRS rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, down-select one alternative from following: 

•
Alt1: For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.     

•
Alt2: For PDSCHs scheduled by M-DCI, at least for eMBB, the UE can ignore a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs collide with DMRS REs associated with another PDSCH.
Proposal 8: 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 9: The maximum number of repetition could follow slot aggregation in Rel 15, i.e., pdsch-AggregationFactor = 8.

Proposal 10: Support option 2.
Proposal 11: Offset between the DCI and scheduled PDSCH should be at least 1 slot; otherwise, should use scheme 3 instead. No special handling is needed. If consider power consumption, could be FFS. 
Proposal 12: 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 13: 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 14: 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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Figure 1. CRS Locations








