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1	Introduction
In this contribution we discuss the remaining issue for QCL (beam) indication for multi-PDSCH scheduling considering the following:
· Capturing previous agreements on QCL indication for single-TRP and multi-TRP for the case when tci-PresentInDCI is configured
[bookmark: _Ref178064866]2	Discussion
2.1	Capturing Agreements for Single/Multi-TRP in 38.214
The following agreement was made in RAN1#106-e regarding QCL (beam) indication for single-TRP operation. 
Agreement (RAN1#106-e):
For the single TRP case, For multi-PDSCHs scheduled by a single DCI with a single DCI field ‘Transmission Configuration Indication’ that indicates a single TCI state (if the DCI field is present), 
· Case 1: PDSCH scheduling offset for all PDSCHs ≥ timeDurationForQCL 
· Case 1-1: tci-PresentInDCI enabled 
· Single QCL assumption based on the indicated codepoint of the single DCI field ‘Transmission Configuration Indication’ is applied for all scheduled PDSCHs
· Case 1-2: tci-PresentInDCI not present 
· Single QCL assumption of the single scheduling DCI scheduled multi-PDSCHs is applied for all scheduled PDSCHs
· Case 2: PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Down select one of the following alternatives 
· Alt 1: Single QCL assumption is applied for all scheduled PDSCHs 
· FFS: Details of single QCL assumption
· Alt 2: multiple QCL assumptions are applied 
· FFS: Details of multiple QCL assumptions
· FFS: When some of PDSCHs are collided with semi-static UL symbols and then skipped
· FFS: The multi-TRP case

In RAN1#107-e the following agreement was made addressing the FFS (Alt-1 vs. Alt-2) for Case 2. Case 2 is defined as the scenario in which one or more PDSCHs have offset < timeDurationForQCL which implies that zero or more (but not all) PDSCHs have offset ≥ timeDurationForQCL. Case 1-1 defines the scenario where all PDSCHs have offset ≥ timeDurationForQCL.
Agreement (RAN1#107-e):
For Case 2 for single TRP and PDSCH scheduling offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rule is applied for each PDSCH < timeDurationForQCL:
· The UE may assume that the DM-RS ports of a PDSCH of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId in the latest slot in which one or more CORESETs within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH ≥ timeDurationForQCL:
· Note: there might be no need for specification impact from this agreement

Also in RAN1#107-e, the following two agreements were made addressing the FFS for multi-TRP.
Agreement (RAN1#107-e):
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableDefaultTCI-StatePerCoresetPoolIndex and the UE is configured by higher layer parameter PDCCH-Config that contains two different values of coresetPoolIndex in different ControlResourceSets, 
-    the UE may assume that the DM-RS ports of PDSCH associated with a value of coresetPoolIndex of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the CORESET associated with a monitored search space with the lowest controlResourceSetId among CORESETs, which are configured with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH, in the latest slot in which one or more CORESETs associated with the same value of coresetPoolIndex as the PDCCH scheduling that PDSCH within the active BWP of the serving cell are monitored by the UE.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.
 
Agreement (RAN1#107-e):
For multi-TRP with multi-PDSCH scheduling and offset for any scheduled PDSCH < timeDurationForQCL 
· Multiple QCL assumptions are applied as per Rel-16
· The following Rel-16 rules are applied for each PDSCH with scheduling offset < timeDurationForQCL:
-    If a UE is configured with enableTwoDefaultTCI-States, and at least one TCI codepoint indicates two TCI states, the UE may assume that the DM-RS ports of PDSCH or PDSCH transmission occasions of a serving cell are quasi co-located with the RS(s) with respect to the QCL parameter(s) associated with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states. When the UE is configured by higher layer parameter repetitionScheme set to 'tdmSchemeA' or is configured with higher layer parameter repetitionNumber, and the offset between the reception of the DL DCI and the first PDSCH transmission occasion is less than the threshold timeDurationForQCL, the mapping of the TCI states to PDSCH transmission occasions is determined according to clause 5.1.2.1 by replacing the indicated TCI states with the TCI states corresponding to the lowest codepoint among the TCI codepoints containing two different TCI states based on the activated TCI states in the slot with the first PDSCH transmission occasion.
· The Rel-16 rule corresponding to tci-PresentInDCI present and not present is applied for each PDSCH with scheduling offset ≥ timeDurationForQCL.

As can be seen by the highlighted text in the three RAN1#107-e agreements, the Rel-16 rule corresponding to tci-PresentInDCI present is applied for each PDSCH with offset ≥ timeDurationForQCL.
In RAN1#107bis-e, two alternatives were discussed for which Rel-16 rule should be used and how to capture this in 38.214 Section 5.1.5. Alt-1 reuses the existing rule for single-slot PDSCH. Alt-2 reuses the rule for multi-slot PDSCH
· Alt-1 (ruese single-slot PDSCH rule)
When the UE is configured with a single slot PDSCH or the UE is configured with higher layer parameter pdsch-TimeDomainAllocationListForMultiPDSCH-r17, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
· Alt-2 (ruese multi-slot PDSCH rule):
When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH or the UE is configured with higher payer parameter pdsch-TimeDomainAllocationListForMultiPDSCH-r17, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH.
During the meeting, there was a split in company views on the two alternatives. As a potential way forward, a "middle ground" proposal was discussed (Proposal 2.1-e in [1]) that would adopt elements of Alt-2 but would apply only to the case when multi-PDSCH scheduling is configured and multi-slot PDSCH scheduling is not configured. In this way, legacy (Rel-16) behavior would be preserved for the case of multi-slot PDSCH.
We still think that Proposal 2.1-e provides a reasonable way forward, hence we propose it again. The key point to this proposal is that the UE uses whatever TCI state(s) are active in the slot corresponding to the first scheduled PDSCH. Hence, even if the UE would update the active TCI state(s) after the first scheduled PDSCH, the new active TCI state(s) would not need to be applied for any PDSCH scheduled by the same DCI as the first PDSCH, thus relieving the UE of a certain amount of complexity. This scenario would only occur if the UE receives a PDSCH with TCI state update MAC-CE less than 3ms prior to the reception of the first PDSCH of the multi-PDSCH scheduling, where 3 ms is the approximate MAC-CE activation time.
We prefer not to add additional restrictions such as "the UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH(s)" since it would make no difference to UE behavior. The UE would still use whatever TCI state(s) are active in the slot corresponding to the first scheduled PDSCH. Imposing such an unnecessary restriction constrains gNB scheduling with no apparent impact on UE behavior. We fail to see why new TCI states cannot be activated during the time span of a multi-PDSCH scheduling, when the UE would not use them anyway until a later multi-PDSCH scheduling. It does not seem to increase UE complexity, since ethe UE must be capable of such an operation at any time.
Based on this discussion, we propose the following, where TP#1 is identical to Proposal 2.1-e in [1]. Note that this TP uses the draft CR to 38.214 in [2] which captures agreements from RAN1#107bis-e (including the agreed Proposal 2.1-d).
[bookmark: _Toc95477739][bookmark: _Toc53765988]Adopt TP#1 which captures the QCL assumption for each PDSCH with offset ≥ timeDurationForQCL when multi-PDSCH scheduling with a single DCI is configured and the TCI field in DCI is present.
Reason for changes
For multi-PDSCH scheduling, prior agreements on the QCL assumption for each PDSCH with offset ≥ timeDurationForQCL are not fully captured for the case when tci-PresentInDCI is configured.
Summary of changes
Captures QCL assumption for each PDSCH with offset ≥ timeDurationForQCL when tci-PresentInDCI is configured 

Specs/Sections impacted
38.214 Section 5.1.5

Consequences if not approved
Incomplete specification of UE behavior.

[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343]----------------------------------------- Text Proposal (TP#1) for 38.214, Section 5.1.5 ----------------------------------------
*** Unchanged text omitted ***
If a PDSCH is scheduled by a DCI format having the TCI field present, the TCI field in DCI in the scheduling component carrier points to the activated TCI states in the scheduled component carrier or DL BWP, the UE shall use the TCI-State according to the value of the 'Transmission Configuration Indication' field in the detected PDCCH with DCI for determining PDSCH antenna port quasi co-location. The UE may assume that the DM-RS ports of PDSCH of a serving cell are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the indicated TCI state if the time offset between the reception of the DL DCI and the corresponding PDSCH is equal to or greater than a threshold timeDurationForQCL, where the threshold is based on reported UE capability [13, TS 38.306]. When the UE is configured with a single slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot with the scheduled PDSCH. When the UE is configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the first slot with the scheduled PDSCH, and UE shall expect the activated TCI states are the same across the slots with the scheduled PDSCH. When the UE is configured with higher layer parameter [pdsch-TimeDomainAllocationListForMultiPDSCH-r17] and not configured with a multi-slot PDSCH, the indicated TCI state should be based on the activated TCI states in the slot corresponding to the first scheduled PDSCH. When the UE is configured with CORESET associated with a search space set for cross-carrier scheduling and the UE is not configured with enableDefaultBeamForCCS, the UE expects tci-PresentInDCI is set as 'enabled' or tci-PresentDCI-1-2 is configured for the CORESET, and if one or more of the TCI states configured for the serving cell scheduled by the search space set contains qcl-Type set to 'typeD', the UE expects the time offset between the reception of the detected PDCCH in the search space set and a corresponding PDSCH is larger than or equal to the threshold timeDurationForQCL.
*** Unchanged text omitted ***
----------------------------------------------------------- End Text Proposal -----------------------------------------------------------
Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Adopt TP#1 which captures the QCL assumption for each PDSCH with offset ≥ timeDurationForQCL when multi-PDSCH scheduling with a single DCI is configured and the TCI field in DCI is present.
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