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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
Agreement 

Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB

· Antenna port field size is the same as Rel-15, at least for DCI format 1-1

· At least support following layer combinations from two TRPs indicated by antenna port field:

· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1

· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 

· 1+3 and/or 3+1

· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE

· Two CWs for the case of total layers of NCJT reception more than 4

Regarding the layer combination for 1+3 or 3+1, we think it is unlikely to happen because multi-TRP transmission mainly comes from two links with similar SNR strength. There is no need to support the corner case with asymmetric SNR between two TRPs. 
Proposal 1: Layer combination with 1+3 or 3+1 layers is not supported in Rel-16 for single-DCI based multiple-TRP 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 2: 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
In RAN1#96, the following agreements were reached:
Agreement

For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

Agreement

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 

· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The 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.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement 
For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 

· to be discussed and down-selected in RAN1#96bis

In RAN1#97:
Agreement

For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 

· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell

· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH

· FFS: Whether/how it is applied to single DCI based NCJT

In the following we provide our views for the FFS items 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 3: 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. 

Proposal 4: 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 5: 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.
For other aperiodic triggered reference signals that are supposed to be rate-matched in single TRP case, since we had agreed that “Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH,” a UE is not expected to perform rate matching for them. It is up to network’s implementation to mitigate the corresponding impact on PDSCH decoding by its scheduling algorithm or RRC configuration for ZP-CSIRS. 
For periodic or semi-persistent rate matching for NZP/ZP CSI-RS or LTE CRS, etc., it is up to the TRP coordination and RRC configuration. Some RRC fields may need to be extended for more than one TRP. 
4 PDCCH decoding complexity and UE capability
In RAN1-97, the following agreements were reached:

Agreement

For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 

· FFS: How to define capability per TRP 

· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.

From UE’s perspective, it is not preferred to significantly increase the number of BDs and CCEs for multi-PDCCH based multi-TRP transmission. On the other hand, we expect it is difficult to reach consensus for defining new values on the maximum number of BD/CCEs per slot particularly used for the M-DCI cases and relaxing the corresponding processing time. 
One possible approach to avoid huge specification effort is to leverage processing-power from other CC to M-TRP processing, under the constraint that the total number of BD/CCE that a UE can handle across CCs is fixed and independent of M-TRP operation. For example, a UE capable supporting single-TRP for two CCs may be also capable to support M-TRP for only one CC. In addition, we think dynamic switch between S-DCI based multi-TRP transmission (for ideal backhaul cases) and M-DCI based multi-TRP transmission (for non-ideal backhaul cases) is not needed. Thus it is preferred to introduce per CC based RRC configuration that indicates the supporting of S-DCI based or M-based multi-TRP transmission, and rules to determine the maximum number of BD/CCEs can be used in each CC with or without supporting multi-TRP transmission. Legacy way reporting PDCCH BD capability for CA in Rel-15 can be reused to determine the maximum total numbers of BD/CCEs per slot, and then we may distribute the numbers across CC and TRP domains. If we equally distribute the BD/CCE numbers across CC and TRP domains, as a result, the maximum number of monitored PDCCH candidates per slot for a DL BWP supporting two-DCI based PDSCH transmission is about twice the maximum number for a DL BWP supporting only single-DCI based PDSCH transmission. Whether the number for an M-DCI based CC should be doubled compared to that for the S-DCI based CC could be FFS, but in all the total maximum number of BD/CCEs across CCs could be reported by legacy capability signaling mechanism. Thus we have the following proposals: 
Proposal 6: The operation of two-DCI reception is configured per CC. The operation of single-DCI reception with PDCCH supporting indication of more than one TCI-states is configured per CC.

Proposal 7: The maximum number of CCs supporting two-DCI reception is UE capability. The maximum number of CCs supporting single-DCI reception with PDCCH supporting indication of more than one TCI-states is UE capability.
Proposal 8: Distribute UE’s capability for PDCCH BD/CCE numbers in both CC and TRP domain.

5 Feedback for multiple-PDCCH based downlink data transmission

Agreements were reached in RAN1-97:

Agreement

· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  

· FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1

· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used

· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.

· FFS, additional specification impact from Rel-15
· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16
Agreement

· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET

· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP

· This does not preclude configuring the index for other purposes

· Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 

· Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index

· Email discussion on generation of separated ACK/NACK codebook and joint ACK/NACK codebook  - by 31st of May (Min, Huawei)
Agreement in [97-NR-08]
· If the higher layer signaling index per CORESET is configured, when generating separated ACK/NACK codebook across all CCs for M-DCI based multi-TRP/panel transmission: 
o    Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. 
§  FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT
o    For dynamic codebook, counting DAI is independent for DCIs from CORESETs with different values of configured higher layer signaling indices
o    For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices

o    For PUCCH resource determination, the last DCI among DCIs, if values of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission with slot-level granularity of K1, is determined independently for DCIs from CORESETs with different values of configured higher layer signaling indices

o    Note that this does not preclude configuring the index for other purposes.

· For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:
o    HARQ-ACK bit multiplexing: e.g. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs,  or HARQ-ACK from TRP-0 and TRP-1 are interlaced across different CCs
o    PUCCH resource determination: e.g. how the last DCI is determined at the UE

o    DAI: e.g. DAI is applied per TRP or cross two TRP for dynamic A/N codebook

· Further study on mechanism and conditions for when/how to switch between joint and separated ACK/NACK feedback within a slot, considering one or the combination of the following alternatives:
o    Alt 1: a new RRC signaling is to switch between joint feedback and separate feedback.
o    Alt2: if configured higher layer signaling indices in the CORESETs corresponding to different TRPs have different values, the UE shall use separated ACK/NACK feedback, otherwise (including indices are not configured) the UE shall use joint A/N feedback as Rel-15.

o    Alt 3:depending on reported UE capability signaling of informing the maximum number of transmitted PUCCH resources for HARQ-ACK within a slot [or sub-slot], e.g. if UE reports “1” for the UE capability signaling, joint A/N feedback will be always used within a slot for M-DCI NCJT;

o    Alt 4: UE switches between joint feedback or separate feedback depending on whether the indicated PUCCH resources for two TRPs are overlapped or not (reusing Rel-15 rule as much as possible); 

· FFS whether/how to support the value of K1 with sub-slot level granularity 
· FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98) 
· Note that for M-DCI based multi-TRP/panel transmission, it is encouraged to minimize spec impact for supporting both separate A/N feedback and joint A/N feedback when the higher layer signaling indices for CORESETs are configured
We support to use the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs and joint ACK/NACK codebook for joint ACK/NACK codebook. The index is then used to determine the encoding order for ACK/NACK. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs. Interlacing is more complicated when the numbers of HARQ-ACK bits for two TRPs are not the same.
Proposal 9: Use the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs and joint ACK/NACK codebook for joint ACK/NACK codebook, the index is used to determine the encoding order for ACK/NACK. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of 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 10: 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 11: 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 12: Use the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs to prioritize reports triggered by each DCI. 
Proposal 13: A predefined sequence of UCI bits representing CSI components is used for a CSI report that the UE does not update. 
6 Conclusion

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

Proposal 1: Layer combination with 1+3 or 3+1 layers is not supported in Rel-16 for single-DCI based multiple-TRP transmission.  
Proposal 2: 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 3: 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 4: 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 5: 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 6: The operation of two-DCI reception is configured per CC. The operation of single-DCI reception with PDCCH supporting indication of more than one TCI-states is configured per CC. 
Proposal 7: The maximum number of CCs supporting two-DCI reception is UE capability. The maximum number of CCs supporting single-DCI reception with PDCCH supporting indication of more than one TCI-states is UE capability. 
Proposal 8: Distribute UE’s capability for PDCCH BD/CCE numbers in both CC and TRP domain.

Proposal 9: Use the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs and joint ACK/NACK codebook for joint ACK/NACK codebook, the index is used to determine the encoding order for ACK/NACK. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs. 
Proposal 10: 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 11: 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 12: Use the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs to prioritize reports triggered by each DCI. 
Proposal 13: 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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