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Introduction
This summary captured the discussions for Rel-17 FeMIMO RRM Core requirement maintenance in 5.2.3.1 in RAN4 #106 meeting.
In RAN4 #105 meeting, WF is approved.
· WF on Rel-17 FeMIMO RRM core requirement maintenance was approved in R4-2220713
Topic #1: Unified TCI state
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary

	T-doc number
	Company
	Proposals / Observations

	R4-2300044
	MediaTek Inc.
	Discussion on R17 feMIMO for RRM core requirement maintenance
Proposal 1: No UE requirement applies if the source RS of the target UL TCI state is not in the DL active TCI list.
Proposal 2: For the case when SSB is indicated as PL-RS, reuse the existing delay requirement of MAC CE based UL TCI state switch.
Proposal 3: Measurement restriction requirement should be applied when two collided RSs are configured as both L1-RSRP measurement and BFD/CBD/RLM on each collided RS.


	R4-2300250
	Apple
	On FeMIMO RRM Core Requirements

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.


	R4-2300457
	Intel Corporation
	Discussion on remaining issues in Rel-17 FeMIMO

Observation 1: UL TCI states activation list and DL TCI state list can be activated separately. Active UL TCI state list may be different from active DL TCI states list. 
Observation 2: If source RS in active UL TCI state is a subset of source RS in DL active TCI list, it may limit that both DL and UL beam direction are the same for serving cell.
Proposal 1: UL TCI states activation list and DL TCI state list can be activated separately. Don’t need to limit that source RS in active UL TCI state is a subset of source RS in DL active TCI list.
Proposal 2: UE will maintain uplink timing if Target UL TCI state is in UL active TCI state list. No extra UL timing tracking is needed.
Observation 3: For serving cell, UE don’t need to perform extra time/frequency tracking for uplink transmission.
Observation 4: For CDP, if UL TCI state and DL TCI state are activated simultaneously, UE didn’t need to perform extra time tracking for UL TCI state. since UE will perform time tracking for DL TCI state.
Observation 5: For CDP, it’s not valid configuration that UL TCI state is activated before DL TCI state activation.
Proposal 3: For CDP, no timing tracking is needed for UL TCI state activation. Add applicability rule for separate UL TCI state switch of CDP when DL and UL TCI state are not activated simultaneously:
· If at least one DL TCI state of CDP is already in the active DL TCI state list
Proposal 4: For definition of maintained PL-RS,  the third bullet “Conditions for known path loss reference signal in section 8.14.2 are fulfilled” is not needed.
Proposal 5: Prefer to define measurement restriction for both issue 2-5-1a and 2-5-1b.


	R4-2301002
	Samsung
	Discussion on RRM requirements maintenance of FeMIMO

Proposal 1: If source RS in UL TCI state is not in the DL active TCI list, no additional time/frequency tracking is needed. No RRM requirement is defined for this case in Rel-17 can be also accepted by us.
Proposal 2: For MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2, we support Proposal 1.
Proposal 3: Remove the square bracket in previous agreement. If all target TCI states in the active TCI state list are unknown, no requirements are applicable.
Proposal 4: When SSB for BFD/CBD/RLM is not subset of L1-RSRP, define measurement restriction. When SSB for BFD/CBD/RLM is subset of L1-RSRP, both options can work. We don’t have strong preference. If one of them must be chosen, we slightly prefer option 2: Define sharing scheme.


	R4-2301413
	ZTE Corporation
	Discussion on remaining RRM requirements for FeMIMO

Proposal 1: Under mTRP scenario, if source RS in UL TCI state is not in the DL active TCI list, the acquisition of time and frequency tracking should be addressed. Performing additional time/frequency tracking is necessary or we can check with RAN1.
Proposal 2: For the case when SSB is indicated as PL-RS in UL TCI state for FR2, which means the source RS is the SSB or QCL-Ded with the SSB. It should be emphasized once more that beam alignment is the precondition based on previous agreements. So not additional Rx beam sweeping is necessary. We prefer to reuse the existing delay requirement of MAC CE based UL TCI state switch. However to move forward, a compromised solution is needed, e.g. allowing a clear but not too long additional latency.
Observation 1: Regarding to the measurement restriction, based on all the supported L1 measurements between SC and CDP, only the following Case #3 and #5 should be identified. For other cases, the strategy has been provided in current specification.
Proposal 3: Regarding to the exact strategy for Case#3 and #5, we are fine to applying measurement restriction to identify the overlapping measurement.
Proposal 4: Based on RAN1 agreements, RAN1 has specified that the PDCCH/PDSCH should be rate matched around the L1 SSB within the same PCI. So no need to clarify anything more in RAN4 specification.


	R4-2301696
	vivo
	Discussion on maintenance issues in R17 feMIMO RRM requirements

Observation 1  In R17 unified TCI, especially for the inter-cell BM scenario, the UL TCI only provides UL TX spatial filter information, and UL timing of the UE can be determined based on QCL-A/B/C information in the activated DL TCI(s).
Proposal 1  Applicability rules for UL TCI switching requirements should be added as ‘If source RS of the active UL TCI state is DL-RS and this DL-RS is not included as one source RS in the DL active TCI list, no RRM requirement is defined’.
Observation 2  In legacy R16 requirements, Rx beam sweeping is not specified for SSB-based measurements for time-frequency tracking and PL-RS update, no matter the SSB is configured for L1-RSRP/L1-SINR measurement or not, since the Rx beam for this SSB reception is already considered as known. For L1-RSRP measurements requirements, the Rx beam sweeping is considered for the worst case, and is not applicable to the case when a tighter requirement is applied.
Proposal 2  MAC-CE based UL TCI state switching delay requirements agreed in RAN4 101-bis-e can be applicable to the case when the PL-RS is the SSB which is configured for L1-RSRP measurements.
Observation 3  In R17 unified TCI framework, it is a possible scenario that UL TCI, i.e. spatial Tx info of the UE is switched by MAC CE, but PL-RS is maintained, i.e. it is possible that NW = 0.
Proposal 3  For the definition of maintained PL-RS, revise the 3rd bullet, i.e. ‘Conditions for known path loss reference signal in section 8.14.2 are fulfilled.’ to the following:
‘-	The target pathloss reference signal remains detectable during TCI state switching period
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period
-	SNR of the associated SSB ≥-3dB’
Proposal 4  RAN4 capture the following clarification in 9.5.5.1.
·  ‘The measurement restrictions are applied between CDP SSB for BFD/CBD and SC SSB for L1-RSRP’
Proposal 5  RAN4 also captures the following sentence in existing measurement restrictions in 8.1.2.3, 8.1.3.3, 8.5.2.3, 8.5.3.3, 8.5.5.3, 8.5.6.3 and 9.5.5.2:
· ‘The SSB mentioned in this clause can be either SSB transmitted by serving cell or by cell with different PCI, when applicable’
Proposal 6  Introduce scheduling restrictions 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. 


	R4-2302002
	Huawei, HiSilicon
	Discussion on RRM remaining issues for NR FeMIMO
Proposal 1: For MAC-CE based UL TCI state switching, a longer UL TCI state switch delay is expected when an SSB is indicated as PL-RS in UL TCI state in FR2.
Proposal 2: If no consensus can be achieved, we suggest that there are no requirements when SSB is indicated as PL-RS in UL TCI state in FR2.
Proposal 3: If no consensus can be achieved, we suggest that there is no requirements when SSB is indicated as PL-RS in UL TCI state in FR2.
Proposal 3: The following two options are suggested when SC SSB and CDP SSB are overlapping.
· Option 1: The sharing strategy is applied for all the overlapping cases between SC SSB and CDP SSB
· A new sharing factor needs to be introduced for RLM.
· The current sharing factor for inter-cell L1-RSRP need to be revised.
· Option 2: The measurement restrictions are applied for the following cases:
	Case
	SC SSB
	CDP SSB

	#A
	Configured as L1-RSRP
	Configured as BFD/CBD

	#B
	Configured as BFD/CBD
	Configured as L1-RSRP

	#C
	Configured as RLM
	Configured as BFD/CBD

	#D
	Configured as RLM
	Configured as L1-RSRP




	R4-2302590
	Nokia, Nokia Shanghai Bell
	Remaining issues on unified TCI switching delay requirement
1. Up to Rel-16 the DL/UL relied on channel reciprocity. 
1. In Rel-17, unified TCI state framework enables decoupled DL TCI state and UL TCI state.
1. UE shall use the DL frame timing of the TRP towards which the UE is performing UL transmission.
1. There is no explicit definition of active TCI state for UL. 
1. A UE shall acquire and keep time and frequency tracking on the dassociated to the UL TCI state in the active TCI states.
1. If source DL-RS associated with the UL TCI state is not in the DL active TCI list, additional time/frequency tracking should be allowed for the UL TCI state.
1. Check with RAN1 if UE is required to do DL time tracking for an UL TCI state in the active TCI state list.
1. PL-RS for obtaining the DL pathloss estimate for UL transmission is always provided for PUSCH, PUCCH and SRS.
1. UE is required to maintain the pathloss RS (PL-RS) of all active UL TCI states.
1. UE is required to maintain the pathloss (PL-RS) of all active joint TCI states
1. UE is not required to maintain a total of more than 4 different PL-RS for all active UL TCI states and joint TCI states.
1. RAN1 specification is not clear on what ‘maintain’ means.
1. If UE is not having more than 4 different PL-RS for all activated UL TCI states for PUSCH, PUCCH and SRS transmissions, the PL-RS will always be maintained.
1. The PL-RS is maintained provided UE is not having more than 4 different PL-RS for all activated UL TCI states for PUSCH, PUCCH and SRS transmissions.
1. PL-RS is used by the UE to determine the UL transmit power.
1. RAN4 shall define the conditions when a PL-RS is assumed being maintained.
1. The PL-RS is maintained provided:
· UE is not configured with more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions.
· Existing conditions for known pathloss reference signal in section 8.14.2 are fulfilled

1. PL-RS source can be SSB or NZP-CSI-RS
1. A UE with up to 4 activated PL-RS, is according to RAN1 specifications, required to maintain all the PL-RSs.
1. 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).
1. 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.
1. There is no need for any additional measurements or beam sweeping at UL TCI state switch if the associated PL-RS is maintained by the UE. 
1. The number of samples will not always be fixed as 5 samples when PL-RS is not maintained. 
1. RAN4 to add [] around the number of samples needed if NM=1.






Open issues summary
Before f2f meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1-1 Active UL TCI state
Background: The agreement about issue 1-1-1 in WF in RAN4#105 is as below:
	 Issue 1-1-1 Whether UE need to track UL time/frequency if source RS in UL TCI state is not in the DL active TCI list:
· Proposals:
· Proposal 1(Apple, Samsung, Intel):
· No time/frequency tracking is needed.
· Proposal 2(vivo, MTK, Intel): 
· No RRM requirement is defined for this case.
· Proposal (Huawei):
· 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(Nokia, ZTE, Ericsson):
· Additional time/frequency tracking is needed or check with RAN1.



Issue 1-1-1 Whether to limit target UL TCI state in DL active TCI list
· Proposals:
· Proposal 1(Intel):
· Don’t need to limit that source RS in active UL TCI state is a subset of source RS in DL active TCI list
· Proposal 1a(Apple):
· 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
· Recommended WF:
· Further discussion. Option 1 and Option 1a are similar.

Issue 1-1-2 Whether UE need to track UL time/frequency if source RS in UL TCI state is not in the DL active TCI list, but in UL active TCI state list
· Proposals:
· Proposal 1(Intel):
· If target UL TCI state is in UL active TCI state list. No extra UL timing tracking is needed as UE will maintain UL timing for active UL TCI state.
· Recommended WF:
· Further discussion. 

Issue 1-1-3: Whether UE need to track UL time/frequency if source RS in UL TCI state is not in DL active TCI state list 
· Proposals:
· Proposal 1(Apple, Samsung):
· No time/frequency tracking is needed.
· Proposal 2(Intel):
· For CDP, add applicability rule for separate UL TCI state switch when DL and UL TCI state are not activated simultaneously:
· If at least one DL TCI state of CDP is already in the active DL TCI state list
· Proposal 2(MTK, Samsung): 
· No RRM requirement is defined for this case.
· Proposal 4(vivo): 
· Applicability rules for UL TCI switching requirements should be added as ‘If source RS of the active UL TCI state is DL-RS and this DL-RS is not included as one source RS in the DL active TCI list, no RRM requirement is defined’.
· Proposal 5(Nokia, ZTE):
· Additional time/frequency tracking is needed or check with RAN1.
· Recommended WF: Please company to check whether compromise solution, i.e. proposal 6, is acceptable or not.
Moderator note: the scenario can further be classified into two scenarios:
· Case 1: UL TCI state and DL TCI state are activated simultaneously, i.e. Joint, TCI state pair activation.
· Case 2: only UL TCI state is activated, i.e. UL-only TCI activation.
For case 2-1, it can be joint mode (same TCI state) or TCI state pair (different TCI state for DL and UL). In this case, DL timing will be tracking by DL TCI state activation if necessary. Don’t need to extra track UL timing anymore.
For case 2-2, if it’s UL-only TCI activation of serving cell, it’s common understanding that no extra time tracking is needed.
the problem only exists for UL-only TCI state activation of CDP. If the DL timing of CDP is maintained, there will be no time tracking either. If DL timing of CDP is not maintained, it’s possible that extra time for time tracking is needed. 
Therefore, we only need to discuss whether time tracking for UL TCI activation is needed for the narrowed-down scenario:
· separate UL-only TCI state activation for CDP when no DL timing of CDP is maintained
however, this scenario means that UL TCI state activation is performed before any DL TCI state activation and it will only happen at initial stage. When DL TCI state of CDP is activated and DL timing of CDP is maintained, there is no such issue anymore. Since it’s just one corner case and we already have requirements for all the other scenarios. 
We suggest company to further check whether the compromised solution is acceptable for this narrowed-down scenario:
· Proposal 6: no requirement is applied for the scenario 
For the condition of maintain DL timing of CDP, it can be discussed during the meeting, similar as legacy, e.g., no DL TCI state of CDP is in the active TCI state list.

Sub-topic 1-2 MAC CE based TCI state Switching delay requirements
Issue 1-2-1 MAC-CE based UL TCI state switching delay when SSB is indicated as PL-RS in UL TCI state for FR2
· Proposals
· 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): 
· Reuse the existing delay requirement of MAC CE based UL TCI state switch.
· Proposal 3(ZTE):
· Prefer to reuse the existing delay requirement of MAC CE based UL TCI state switch. However to move forward, a compromised solution is needed, e.g. allowing a clear but not too long additional latency.
· Proposal 4(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).
· 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.
· There is no need for any additional measurements or beam sweeping at UL TCI state switch if the associated PL-RS is maintained by the UE. 
· The number of samples will not always be fixed as 5 samples when PL-RS is not maintained. 
· RAN4 to add [] around the number of samples needed if NM=1.
· Recommended WF
· Further discussion. 

Sub-topic 1-3 Definition of maintained PL-RS
Issue 1-3-1 Definition of maintained PL-RS
· Proposals
· Proposal 1(Apple):
· 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 2(Intel):
· The third bullet “Conditions for known path loss reference signal in section 8.14.2 are fulfilled” is not needed
· Proposal 3(vivo):
· For the definition of maintained PL-RS, revise the 3rd bullet, i.e. ‘Conditions for known path loss reference signal in section 8.14.2 are fulfilled.’ to the following:
‘- The target pathloss reference signal remains detectable during TCI state switching period
-	SNR of the target pathloss reference signal≥-3dB
-	The associated SSBs with the target pathloss reference signal remain detectable during the TCI state switching period
-	SNR of the associated SSB ≥-3dB’
· Proposal 4(Nokia):
· UE is not configured with more than 4 different PL-RS for all PUSCH, PUCCH and SRS transmissions.
· Existing conditions for known pathloss reference signal in section 8.14.2 are fulfilled
· Recommended WF
· Futher discuss wording in corresponding CR.

Sub-topic 1-4 Condition of common TCI state update based on shared RS
Issue 1-4-1 Update condition of common TCI state update based on shared RS
· Proposals
· Option 1(Apple): 
· 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
· Recommended WF
· Futher discussion in corresponding CR.

Sub-topic 1-5 TCI state list update 
Issue 1-5-1 TCI state list update delay if all target TCI states are unknown
· Proposals
· Option 1(Samsung): 
· Remove the square bracket in previous agreement. If all target TCI states in the active TCI state list are unknown, no requirements are applicable.
· Recommended WF
· Futher discussion in corresponding CR.



Sub-topic 1-6 Measurement restriction or sharing for inter-cell L1-RSRP measurement
Issue 1-6-1  Measurement restriction when SSB for BFD/CBD/RLM is overlapped with SSB for L1-RSRP of another cell
Moderator note: We converge two sub-cases in last WF into one case since majority companies didn’t differentiate the sub-cases.
· Proposals
· Option 1(Samsung, Intel, ZTE): 
· Define measurement restriction.
· Option 2(Apple, Samsung): 
· Define sharing scheme.
· Option 3(MTK): 
· Measurement restriction requirement should be applied when two collided RSs are configured as both L1-RSRP measurement and BFD/CBD/RLM on each collided RS.
· Option 4(vivo):
· RAN4 capture the following clarification in 9.5.5.1.
·  ‘The measurement restrictions are applied between CDP SSB for BFD/CBD and SC SSB for L1-RSRP’
· RAN4 also captures the following sentence in existing measurement restrictions in 8.1.2.3, 8.1.3.3, 8.5.2.3, 8.5.3.3, 8.5.5.3, 8.5.6.3 and 9.5.5.2:
· ‘The SSB mentioned in this clause can be either SSB transmitted by serving cell or by cell with different PCI, when applicable’
· Option 5(Huawei):
· Option 1: The sharing strategy is applied for all the overlapping cases between SC SSB and CDP SSB
· A new sharing factor needs to be introduced for RLM.
· The current sharing factor for inter-cell L1-RSRP need to be revised.
· Option 2: The measurement restrictions are applied for the following cases:
	Case
	SC SSB
	CDP SSB

	#A
	Configured as L1-RSRP
	Configured as BFD/CBD

	#B
	Configured as BFD/CBD
	Configured as L1-RSRP

	#C
	Configured as RLM
	Configured as BFD/CBD

	#D
	Configured as RLM
	Configured as L1-RSRP



· Recommended WF
· Futher discussion.

Sub-topic 1-7: SSB and PDCCH/PDSCH are overlapped on the same RE
Issue 1-7-1 Whether need clarification or update in RAN4 spec when PDCCH/PDSCH and SSB associated  different PCI are overlapped on the same RE
· Proposals
· Proposal 1(Apple):
· No further clarification or update is needed in RAN4 when SSB and PDCCH/PDSCH from different PCI overlap on the same RE.
· Proposal 2(ZTE):
· Based on RAN1 agreements, RAN1 has specified that the PDCCH/PDSCH should be rate matched around the L1 SSB within the same PCI. So no need to clarify anything more in RAN4 specification.
· Proposal 3(vivo):
· Introduce scheduling restrictions 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.
· Recommended WF
· Futher discussion.

Draft CRs
	T-doc number
	Source company
	Title

	R4-2300045
	MediaTek Inc.
	CR on R17 feMIMO for scheduling restriction in inter cell beam management in R17

	R4-2300046
	MediaTek Inc.
	CR on R17 feMIMO for scheduling restriction in inter cell beam management in R18

	R4-2300251
	Apple
	CR for Unified TCI State switching requirements

	R4-2302749
	Apple
	CR for Unified TCI State switching requirements-R18

	R4-2300458
	Intel Corporation
	CR for Unified TCI State switching requirements for UL

	R4-2300459
	Intel Corporation
	CR for Unified TCI State switching requirements for UL

	R4-2301003
	Samsung
	CR on RRM core requirements of FeMIMO

	R4-2301004
	Samsung
	CR on RRM core requirements of FeMIMO

	R4-2301415
	ZTE
	CR on applicability of requirements for measurement restriction

	R4-2301697
	vivo
	CR on feMIMO RRM requirements in R17

	R4-2301698
	vivo
	CR on maintenance of R17 feMIMO RRM requirements in R18

	R4-2302003
	Huawei, HiSilicon
	CR on maintaining RRM requirements for NR FeMIMO R17

	R4-2302004
	Huawei, HiSilicon
	CR on maintaining RRM requirements for NR FeMIMO R18

	R4-2302589
	Nokia, Nokia Shanghai Bell
	CR for definition of PL-RS maintained and time tracking

	
	
	






