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1. Introduction 
In RAN4#105 requirements for unified TCI framework and inter cell beam management were discussed and way forward [1] were agreed.  In this contribution we present our views on open issues on requirements for unified TCI and inter cell beam management.   
2. Discussion
Unified TCI
In RAN4#105 many of the open issues related to unified TCI were resolved, and the following issues are still open:
· UL time/frequency tracking of source RS in UL TCI state 
· MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
· Definition of maintained PL-RS

UL time/frequency tracking of source RS in UL TCI state 
On UL time/frequency tracking of source RS in UL TCI state the following proposals were discussed:
· Proposal 1:
· No time/frequency tracking is needed.
· Proposal 2: 
· No RRM requirement is defined for this case.
· Proposal 3:
· There is no need to restrict the source RS in active UL TCI to be a subset of source RS in DL active TCI list.
· Proposal 4:
· Additional time/frequency tracking is needed or check with RAN1.

The UL TCI state provides the spatial filter the UE should use for UL transmission – only QCL Type D. The UL timing is determined by DL serving cell timing and not by the DL-RS associated with the active UL TCI state. Also, the UL TCI state could also be provided by SRS. 
Observation #1: The UL TCI state provides the spatial TX filter to be used for UL transmission.
Observation #2: The UL timing is determined by the DL serving cell timing and not by the RS associated with active UL TCI state.
Observation #3:  The UL TCI state could be associated with DL-RS or SRS. 
Irrespective of whether the UL TCI state is a subset of the active DL TCI state list or not, the UL TCI state is only used to determine the UL TX beam and not the UL timing. Hence, no time / frequency tracking is needed for RS in UL TCI state for UL transmission. 

In Rel-18 MIMO evolution RAN1 is discussing enhancements with 2 TA on the UL with multi-TRP mDCI transmission scheme.
Of the proposals discussed in last meeting, we think proposal #2 is very restrictive, allowing UL TCI state switch only for cases where target TCI state is in the active DL TCI state list.  We don’t think that there is any restriction in RAN1 design. 

Proposal #1: Do not restrict UL TCI state switch to target TCI state in active DL TCI state list, as there is no such restriction in RAN1
Proposal #2: Irrespective of whether the source RS of UL TCI state is in the active DL TCI state list or not, no time/frequency tracking is needed for RS of UL TCI state for UL transmission.
MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
For MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2, the fowling options were discussed in [1]: 

· Proposal 1(Apple, Huawei, Samsung):
· When PL-RS in UL TCI state switch is SSB in FR2, longer delay is expected.
· If no consensus can be achieved in RAN4, no requirements are defined for this case.
· Proposal 2(MTK,vivo, ZTE, Ericsson): 
· Reuse the existing delay requirement of MAC CE based UL TCI state switch.
· Proposal 3(Nokia):
· There is no need for beam sweeping for PL-RS measurements in FR2 if the PL-RS is SSB (assuming UE is having no more than 4 different PL-RS activated).
· RAN4 does not discuss UE requirements for the scenario where the UE is configured with more than 4 different PL-RS for all active UL (or joint) TCI states.
· When SSB is indicated as PL-RS in UL TCI state for FR2, 
· The number of sample M will not always be fixed as 5 samples. 
· If a UE performs both L1-RSRP measurements and PL-RS measurements on the same SSB, the number of samples used for L1-RSRP is counted for pathloss measurement.
· If a UE has reported L1-RSRP measurement on a PL-RS within a time window, the PL-RS is regarded as maintained. 
The switching delay for UL TCI state switch when SSB is indicated as PL-RS in UL TCI state in FR2 is FFS. When L1 measurement is based on SSB in FR2, we always allow time for RX beam sweeping. If PL-RS is not maintained by the UE, then additional time is needed for pathloss measurement. If the indicated PL-RS is SSB in FR2, then the measurement time should also account for RX beam sweep time. Hence, we propose to include that additional delay is expected when SSB is PL-RS in UL TCI state switch in FR2. If no consensus is reached in RAN4, we suggest that no requirements are defined for this case.  
Proposal #4: When PL-RS in UL TCI state switch is SSB in FR2, longer delay is expected.
Proposal #5: If no consensus is reached in RAN4 for SSB based PL-RS measurement in FR2, no requirements are defined for this case.
Definition of maintained PL-RS.
The definition of maintained PL-RS was tentatively agreed in [1]. We propose to confirm the definition captured in “[ ]” in spec:
[-	PL-RS is maintained provided: 
-	the target PL-RS is associated with or included in the UL or joint TCI states in the active TCI list for PUSCH/PUCCH/SRS transmissions
-	There are no more than 4 different RS configured as PL-RS per serving cell among all active UL (or joint) TCI states for PUSCH/PUCCH/SRS transmissions
-	Conditions for known path loss reference signal in section 8.14.2 are fulfilled.Note:	The requirements specified in this clause are not applicable if more than 4 different RSs are configured as PL-RS per serving cell among all active UL (or joint) TCI states.]

Proposal #6: Confirm the definition of maintained PL-RS.
Common TCI
In the current requirements specification, the same requirements as single CC are applicable to common TCI: 
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In previous meetings when requirements for common TCI were discussed, it was agreed that if shared RS is configured for all CCs with common TCI, then the same switching delay requirements as single CC will be applicable to all the CCs. In case of different RS, the TCI state switching delay for each CC follows the requirements of single CC. The current wording in specification doesn’t differentiate between shared RS and different RS. It suggests that the requirements are applicable irrespective of shared or different RS. 
Observation #4: In previous RAN4 meetings the agreement for common TCI was made for shared RS and different RS. For shared RS, the requirements for single CC apply to all CCs. For different RS the TCI state switching delay for each CC follows single CC requirements. 
Observation #5: The current wording in 38.133 suggests that the requirements are applicable to all CCs irrespective of shared RS or different RS.    
The IE simultaneousU-TCI-UpdateList1/2/3/4 are used in indicate common TCI ID applicable to list of CCs:
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For the CCs to share the same RS, the CCs in the list should be configured with unifiedTCI-StateRef-r17 to the same serving cell and BWP.
[image: ]
Hence, for the requirements of single CC to be applicable to all CCs with shared RS, the CCs in the list should also be configured with unifiedTCI-StateRef-r17 to the same serving cell and BWP. We propose to update the condition for when requirements are applicable to CCs configured with common TCI – if all CCs in the list are configured with unifiedTCI-StateRef-r17 to the same serving cell and BWP. Our proposal is captured in our companion CR [2]. 

Proposal #7: Update the condition when DL/ UL unified TCI state switch requirements apply to common TCI – when all CCs in the list are configured with unifiedTCI-StateRef-r17 to the same serving cell and BWP


Inter cell Beam management
The open issues related to requirements for inter-cell beam management are:
· SSB and PDCCH/PDSCH are overlapped on same RE
· Measurement Restriction
SSB and PDCCH/PDSCH from different cells overlapped in same RE in FR1
In RAN4#105, the following options were discussed for SSB and PDCCH/PDSCH overlapped on the same RE:

Issue 2-4-1: Whether any clarification or update is needed in RAN4 spec when SSB and PDCCH/PDSCH are overlapped on the same RE
· Proposals:
· Proposal 1(Apple):
· No further clarification or update is needed in RAN4 when SSB and PDCCH/PDSCH overlap on the same RE.
· Proposal 2(vivo):
· Introduce scheduling restriction for the cases when UE simultaneously receive SSB and PDSCH/PDCCH, while SSB is associated to a PCI different from the PCI to which the active TCI of PDSCH/PDCCH is associated. RRM requirements do not apply for these cases. 
Currently, we have scheduling restriction in FR1 if UE doesn’t support simultaneousRxDataSSB-DiffNumerology and in FR2. This discussion is for FR1 when UE supports simultaneousRxDataSSB-DiffNumerology or the SSB and PDSCH/PDCCH SCS are the same. If the UE can receive SSB and PDSCH with different SCS, or SCS is the same, we are not sure why scheduling restriction is needed. It is common understanding that there would be degradation in performance in such a case with overlapping REs, but RRM requirements are only applicable for a minimum SINR condition. Moreover, this is also the case with L3 intra-frequency measurements without gap. We don’t have any scheduling restriction in that case. Hence, we don’t think any further update is needed in RAN4 spec to address the overlap of SSB and PDSCH/PDCCH from different PCI.
Observation #6: The RRM requirements are applicable for minimum SINR side condition. 
Observation #7: We don’t have any scheduling restriction in case of L3 measurements without gap for FR1 whenUE can receive PDCCH/PDSCH and SSB simultaneously. 
Proposal #8: No further clarification or update is needed in RAN4 when SSB and PDCCH/PDSCH from different PCI overlap on the same RE.

Measurement restriction in FR2
 In Rel-17 SSB of cell with different PCI can be configured for L1-RSRP, BFD/CBD measurements and could overlap with SSB from serving cell configured for L1 measurements. 
In RAN4#105, the following options were discussed and captured in [1]:
Issue 2-5-1a Measurement restriction when SSB for BFD/CBD/RLM is not Subset of L1-RSRP
· Proposals
· Option 1: Define measurement restriction.
· Option 2: others

Issue 2-5-1b Measurement restriction when SSB for BFD/CBD/RLM is Subset of L1-RSRP
· Proposals
· Option 1: Define measurement restriction.
· Option 2: Define sharing scheme.

The following table captures the possible scenarios for SSB configured for different measurements from serving cell and cell with different PCI and how overlap is handled. 

	Case
	SC SSB
	CDP SSB
	Handling for overlapping SSB

	#1
	Configured as L1-RSRP
	Configured as L1-RSRP
	Sharing factor

	#2
	Configured as BFD/CBD
	Configured as BFD/CBD
	Sharing factor

	#3
	Configured as L1-RSRP
	Configured as BFD/CBD
	FFS

	#4
	Configured as BFD/CBD
	Configured as L1-RSRP
	FFS

	#5
	Configured as RLM
	Configured as BFD/CBD
	FFS 

	#6
	Configured as RLM
	Configured as L1-RSRP
	FFS



When we have cases of overlapping resources, we usually define a sharing factor to extend the measurement period or define measurement restriction. Defining a measurement restriction doesn’t define exact UE behavior and leaves it up to the UE to prioritize one measurement over the other. For some cases of overlapping SSBs between serving cell and cell with different PCI we already have sharing factors introduced. It would be beneficial to introduce sharing factors for all overlapping cases, especially if the SSB for RLM/BFD/CBD is a subset of resources for L1-RSRP measurement. To be consistent and not to complicate the specification, we can define sharing factor for all cases. 

Proposal #9: Define sharing factor for SSB between serving and cell with different PCI overlapping for different L1 measurements.

3. Conclusion
In this paper, we provide our views on open issues on requirements for unified TCI and inter-cell beam management. Our observations and proposals are captured below:
Unified TCI
Observation #1: The UL TCI state provides the spatial TX filter to be used for UL transmission.
Observation #2: The UL timing is determined by the DL serving cell timing and not by the RS associated with active UL TCI state.
Observation #3:  The UL TCI state could be associated with DL-RS or SRS. 
Proposal #1: Do not restrict UL TCI state switch to target TCI state in active DL TCI state list, as there is no such restriction in RAN1
Proposal #2: Irrespective of whether the source RS of UL TCI state is in the active DL TCI state list or not, no time/frequency tracking is needed for RS of UL TCI state for UL transmission.
Proposal #4: When PL-RS in UL TCI state switch is SSB in FR2, longer delay is expected.
Proposal #5: If no consensus is reached in RAN4 for SSB based PL-RS measurement in FR2, no requirements are defined for this case.
Proposal #6: Confirm the definition of maintained PL-RS.
Observation #4: In previous RAN4 meetings the agreement for common TCI was made for shared RS and different RS. For shared RS, the requirements for single CC apply to all CCs. For different RS the TCI state switching delay for each CC follows single CC requirements. 
Observation #5: The current wording in 38.133 suggests that the requirements are applicable to all CCs irrespective of shared RS or different RS.    
Proposal #7: Update the condition when DL/ UL unified TCI state switch requirements apply to common TCI – when all CCs in the list are configured with unifiedTCI-StateRef-r17 to the same serving cell and BWP

Inter-cell Beam Management
Observation #6: The RRM requirements are applicable for minimum SINR side condition. 
Observation #7: We don’t have any scheduling restriction in case of L3 measurements without gap for FR1 whenUE can receive PDCCH/PDSCH and SSB simultaneously. 
Proposal #8: No further clarification or update is needed in RAN4 when SSB and PDCCH/PDSCH from different PCI overlap on the same RE.
Proposal #9: Define sharing factor for SSB between serving and cell with different PCI overlapping for different L1 measurements.
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8.15  Active downlink TCI state switching delay for unified TCI

8.15.1 Introduction

The requirements in this clause apply for a UE configured with DLorJoint-TCIState configurations for DL channels on
a serving cell.
in MR-DC or

standalone NR. UE shall complete the switch of active downlink TCI state within the delay defined in this clause.

When the target DL TCI state refers to an additional PCI different from the serving cell PCI in which this DL TCI-State
is configured, the requirements in this clause are applicable provided that following conditions are met:
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List of serving cells for which the Unified TCI States Activation/Deactivation MAC CE applies simultaneously, as specified in TS 38.321 [3] clause 6.1.3.47. The different lists
shall not contain same serving cells. Network only configures in these lists serving cells that are configured with unifiedTCI-StateType.
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Provides the serving cell and BWP where the configuration for dI-OrJoint-TClI-State-ToAddModList-r17 in this IE for this serving cell and BWP. When this field is present, dl-
OrJoint-TCI-State-ToAddModList and dI-OrJoint-TCI-State-ToReleaseList are not present.





