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1 Introduction
This contribution focuses on the supporting of multiple-PDCCH based PDSCH transmission and possible solutions for the FFS items.

2 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 the following we provide our views for the FFS items and the rate-matching issue.
Mapping type for the two co-scheduled PDSCHs
Limiting both PDSCHs are both Type A should be the starting point for further design. In our view, supporting Type A only is already quite challenging before further considering Type B PDSCHs, which allow more candidates for the starting symbol location. 
Even though the restriction for same DMRS pattern was agreed, the time-domain resource allocation for PDSCHs may dynamically change if there is no further limitation on it. Specification effort is needed to ensure UE’s assumption on channel/interference characteristics in each allocated symbol is correct and can be derived from the measurement on DMRS REs, at least for the baseline MMSE receiver. A reasonable approach is to allow a UE to assume that the time-domain resource allocation for all PDSCHs received in one slot must occupy the same symbols. Such a restriction does not block the possibility for the PDSCH mapping type combination of B + B, although we think the combination with Type B PDSCH should be deprioritized. 
Proposal 1: For multi-DCI based PDSCH transmission, a UE is expected to assume time-domain resource allocation of the PDSCHs to be with the same start symbol S and allocation length L.

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. 
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. Following that, 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) Configuration for BWPs configured for a UE is the same for each coordinated TRP 

2) BWP switch command is allowed only from the master TRP

3) The BWP used by the master TRP always contains the BWP used by the slave 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 3: For a UE expected to receive two PDCCHs from two TRPs, configuration of BWPs configured for this UE is the same for each coordinated TRP. BWP switch command is allowed only from a master TRP. The BWP used by the master TRP always contains the BWP used by the slave 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. 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 this multi-DCI 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. As a result handling the interference from other TRP is similar to handling MU interference in Rel-15. 
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.   
Proposal 4: For a UE to be scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs for multi-TRP transmission, 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. 
3 PDCCH design for multiple-PDCCH based downlink data transmission
Agreement

To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs

· one CORESET in a “PDCCH-config” corresponds to one TRP 

· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3

FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2

Since RAN1 had agreed “one CORESET in a “PDCCH-config” corresponds to one TRP”, then the number of CORESETs per “PDCCH-config” has to be more than 3. Since this number has significant impact on UE’s complexity in PDCCH decoding, this number should be reported by UE capability.

Proposal 5: For multi-DCI based multi-TRP transmission, the number for CORESET per PDCCH-config is 4, 5, or 6 without exceeding a capability value reported by UE. 
4 Conclusion

This contribution provided our views for the FFS items related to multiple-PDCCH based multi-TRP/panel transmission and rate-matching issue. We have the following proposals:

Proposal 1: For multi-DCI based PDSCH transmission, a UE is expected to assume time-domain resource allocation of the PDSCHs to be with the same start symbol S and allocation length L.
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, configuration of BWPs configured for this UE is the same for each coordinated TRP. BWP switch command is allowed only from a master TRP. The BWP used by the master TRP always contains the BWP used by the slave TRP.

Proposal 4: For a UE to be scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs for multi-TRP transmission, 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. 
Proposal 5: For multi-DCI based multi-TRP transmission, the number for CORESET per PDCCH-config is 4, 5, or 6 without exceeding a capability value reported by UE. 
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