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1. Introduction 
In RAN4#104-e requirements for intercell beam management were discussed and way forward [1] was agreed.  In this contribution we present our views on the remaining open issues for intercell beam management.   
2. Discussion

The open issues related to requirements for inter-cell beam management are:
· Sharing factors design
· Scheduling restriction for dynamic TDD
· Scheduling restriction for non-serving cell
· Applicability of ICBM feature

Sharing factors
In RAN4#104-e, the principle for defining sharing factors was agreed:
	Issue 2-3-4 Sharing factors design
· Principles of Design:
· The sharing factors PSC and PCDP between SSB of SC and SSB of CDP for inter-cell BM are introduced without any impacts on the existing L3 measurements 




The following options were discussed for sharing factors design:
· Based on the remaining L1-RSRP measurement opportunities after punctured by L3 measurements, further study the sharing factor between SSB of SC and SSB of CDP.
· Option 1: 
	#
	Scenario
	PSC
	PCDP

	1
	T’SSB,SC = T’SSB,CDP 
	2
	2

	2
	T’SSB,SC < T’SSB,CDP 
	
	1

	3
	T’SSB,CDP < T’SSB,SC 
	1
	



· Option 2:
	#
	Scenario
	PSC
	PCDP

	A
	SC SSB occasions outside MG are fully overlapping with CDP SSB occasions outside MG
	2
	2

	B
	SC SSB occasions outside MG are partially overlapping with CDP SSB occasions outside MG
	2
	1

	C
	Scenario C: CDP SSB occasions outside MG are partially overlapping with SC SSB occasions outside MG.
	1
	2



· Option 3: (vivo)
· The sharing factors PSC and PCDP for inter-cell BM are introduced without impacting the definition of existing sharing factor Psharing factor, where Psharing factor is defined for the sharing factor between serving cell L1-RSRP measurements and L3 measurements.
· No impacts on the existing L3 measurements.
· The sharing factors PSC or PCDP is determined in the same way as R15, i.e. by puncturing both SMTC and measurement gaps. PSC or PCDP is valid if there are remaining SSB occasions after this puncturing in the corresponding cell.
· When puncturing, the max periodicity between SMTC and measurement gap, i.e. max(MGRP, TSMTC), should be considered
· 1/P should be the ratio of remaining SSB occasions in total SSB occasions after puncturing. P here can be either PSC or PCDP, which is derived based on R15 mechanism.
· max(MGRP, TSMTC)/TSSB is the total number of SSB occasions within the max(MGRP, TSMTC)
· 1/P * max(MGRP, TSMTC)/TSSB  is the total number of left SSB occasions. 
· Since SFNoffset for SSB of SC and SSB of CDP is the same, the SSB with less remaining occasions will be fully overlapped by the other SSB, and therefore should be prioritized. Using SC as example:
· P =  ,   if PSC*TSSB < PCDP*TSSB_CDP. (i.e. 1/PSC * max(MGRP, SMTC)/TSSB_SC > 1/PCDP * max(MGRP, SMTC)/TSSB_CDP, more SSB samples are left after puncturing for SC)
· P = PSC, if PSC *TSSB > PCDP *TSSB_CDP.
· P = 2* PSC, if PSC *TSSB = PCDP *TSSB_CDP.
· P = PSC, if PCDP is not valid.
· Other options are not precluded.

From the above options, Option 3 was tentatively agreed as the way forward to define the sharing factor and captured in the approved CR.  With option 3 above, the L3 measurements are not impacted and is considering the remaining occasions after accounting for SMTC and/or MG. 
Observation #1: The tentatively agreed sharing factor design doesn’t impact existing L3 measurements and considers the occasions after considering SMTC and MG into account. 

Another alternate solution is to count the number of available measurement occasions to define the final sharing factor. In the table below we have an alternate solution for the sharing factor design: 

	#
	Scenario
	P for Serving cell
	P for cell with different PCI

	1
	TSSB,SC = TSSB,CDP < TSMTC or MGRP

	

	 



	2
	TSSB,SC < TSSB,CDP < TSMTC or MGRP
All occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	 



	3
	TSSB,CDP < TSSB,SC ≤ TSMTC or MGRP
All occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	 

	4
	TSSB,SC < TSSB,CDP < TSMTC or MGRP
Not all occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	



	5
	TSSB,CDP < TSSB,SC ≤ TSMTC or MGRP
Not all occasions of SSB of CDP collide with SC, MG and/or SMTC
	

	



	SSBSC1 is the number of SSB occasions of serving cell which are colliding with CDP but not colliding with MG or SMTC within time max(MGRP, SMTC)
SSBCDP1 is number of SSB occasions of CDP which are colliding with SC but not colliding with MG or SMTC within max(MGRP,SMTC)
SSBSC2 is the number of SSB occasions of serving cell which are not colliding with CDP, MG or SMTC within time max(MGRP, SMTC)
SSBCDP2 is number of SSB occasions of CDP which are not colliding with SC, MG or SMTC within max(MGRP,SMTC)



If there is a need to re-visit the sharing factors tentatively agreed in the last meeting, we propose to consider the alternative method of counting the number of measurement occasions, as proposed in the table above. 
Proposal #1: Either confirm the tentatively agreed sharing factors in last meeting or define the sharing factors by considering the number of measurement occasions as:
	#
	Scenario
	P for Serving cell
	P for cell with different PCI

	1
	TSSB,SC = TSSB,CDP < TSMTC or MGRP

	

	 



	2
	TSSB,SC < TSSB,CDP < TSMTC or MGRP
All occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	 



	3
	TSSB,CDP < TSSB,SC ≤ TSMTC or MGRP
All occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	 

	4
	TSSB,SC < TSSB,CDP < TSMTC or MGRP
Not all occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	



	5
	TSSB,CDP < TSSB,SC ≤ TSMTC or MGRP
Not all occasions of SSB of CDP collide with SC, MG and/or SMTC
	

	



	SSBSC1 is the number of SSB occasions of serving cell which are colliding with CDP but not colliding with MG or SMTC within time max(MGRP, SMTC)
SSBCDP1 is number of SSB occasions of CDP which are colliding with SC but not colliding with MG or SMTC within max(MGRP,SMTC)
SSBSC2 is the number of SSB occasions of serving cell which are not colliding with CDP, MG or SMTC within time max(MGRP, SMTC)
SSBCDP2 is number of SSB occasions of CDP which are not colliding with SC, MG or SMTC within max(MGRP,SMTC)





Scheduling Restriction
For scheduling restriction on L1-RSRP measurement on cell with different PCI for Dynamic TDD the following options were discussed in [1]:
· Option 1:
· Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots.
· Option 1a:
· Introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on non-serving cell overlaps with serving cell UL slots. In addition, one OFDM symbol before and after SSB should also be considered because of TA.
· Option 2:
· Do not introduce scheduling restriction for dynamic TDD when L1-RSRP measurement on cell with different PCI overlaps with serving cell UL slots.
· Option 3:
· For the scheduling restriction due to L1-RSRP measurement on cell with different PCI, RAN 4 has agreed that the timing offset between serving cell and cell with different PCI should be less than CP, thus no need to introduce additional 1 slot scheduling restriction even considering dynamic TDD.


	Agreement
For inter-cell mTRP, UE does not transmit PUCCH/PUSCH/PRACH in a slot or SRS in the symbols if in time domain the PUCCH/PUSCH/PRACH/SRS overlaps with an SSB of a serving cell PCI or an SSB associated with the active additional PCI.



In RAN1#108-e, the following agreements were made:

Based on the agreements in RAN1#108-e, in RAN1#110 the CR R1-2208084 [2] was approved with the following changes to TS 38.213:
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The UE behaviour when UE is configured for inter-cell L1-RSRP measurements and dynamic TDD is clearly captured in RAN1 specification. We don’t think we need to further discuss this in RAN4 or specify any scheduling restriction. 
Observation #2: The UE behaviour for inter-cell L1-RSRP measurement in dynamic TDD is captured in RAN1 specification.
Based on the above clarification in RAN1 specification, we don’t think it is necessary to further discuss scheduling restriction for dynamic TDD in RAN4 and specify it in RAN4 specification. 
Proposal #2: RAN4 need not discuss the scheduling restriction for dynamic TDD as its already captured in RAN1 specification. 

Another issue related to scheduling restriction discussed in RAN4#104-e was whether to define the scheduling restriction for non-serving cell:
Issue 2-4-3 Whether to define scheduling restriction for non-serving cell
· Option 1:
· Introduce scheduling restriction on non-serving cell when UE performs L1-SINR measurement, BFD, CBD, RLM on serving cell.
· Option 2:
· Option 1 is not needed.

The existing scheduling restrictions for L1 measurements on serving cell would also be applicable for reception of PDCCH/PDSCH from cell with different PCI, as the current scheduling restrictions are defined based on receiving PDCCH/PDSCH without any specific on which cell it is received from. Hence there is no further clarification needed to define scheduling restrictions for cell with different PCI.
Proposal #3: The existing scheduling restrictions defined for L1 measurements on serving cell are applicable when UE is receiving PDCCH/PDSCH from cell with different PCI and no further clarification is required in specification. 

Applicability of ICBM feature
For the applicability of ICBM feature, the following options were captured in [1]:
Issue 2-5-1: Applicability of ICBM feature
· Option 1:
· For intra-band ICBM using common TCI configurations, different reference CCs in the same CC list between the serving cell and a cell with different PCI is not supported in R17.(ZTE,Intel)
· For intra-band ICBM using common TCI configurations, requirements are defined for the case when SSB measurements for a cell with different PCI are only performed in the cell that has the same SSB frequency as the reference CC.
· R17 ICBM feature is applicable to FR1 HST and FR2 HST. If RAN4 identifies any issue in applying HST related enhancements to ICBM related RRM requirements, RAN4 solve them in the R17 maintenance phase. (ZTE, CMCC)
· R17 ICBM feature is applicable to the scenarios when UE is configured with R17 enhanced gaps. If RAN4 identifies any issue in applying R17 enhanced gaps to ICBM related RRM requirements, RAN4 solve them in the R17 maintenance phase.
· Option 2:
· Not in favor of extending ICBM requirements for concurrent R17 Wis


In general, the principle used in RAN4 is that we don’t combine features and requirements across different concurrent WIs in a release, unless there is a prior agreement to do so. Based on that We propose not to extend or define requirements for ICBM for other features like FR1 HST, FR2 HST, enhanced gaps, etc. This should be discussed in future release with clear motivation and work scope agreement. 
Observation #3: Without prior agreement, we don’t extend or define requirements for concurrent WIs in the same release. 
Proposal #4: Do not extend the ICBM feature and/or requirements to other concurrent Rel-17 WIs
The first 2 bullets in option 1 above propose to restrict applicability of common TCI to scenarios where serving cell is defined as the reference CC. In our understanding common TCI is applicable to serving CCs of a cell. For ICBM, the additional cell or cell with different PCI is not a serving cell or CC, hence we don’t think the common TCI can apply to it. We don’t think the scenario in the first 2 bullets is possible.
Observation #4: The cell with different PCI is nor a serving cell or serving CC, hence common TCI would not be applicable to it.
Proposal #5: Common TCI configurations do not include cell with different PCI configured for ICBM per RAN1/ RAN2 design. No further clarification is needed in RAN4. 
3. Conclusion
In this paper, we provide our views on requirements for intercell beam management. Our observations and proposals are captured below:
Sharing factors
Observation #1: The tentatively agreed sharing factor design doesn’t impact existing L3 measurements and considers the occasions after considering SMTC and MG into account. 
Proposal #1: Either confirm the tentatively agreed sharing factors in last meeting or define the sharing factors by considering the number of measurement occasions as:
	#
	Scenario
	P for Serving cell
	P for cell with different PCI

	1
	TSSB,SC = TSSB,CDP < TSMTC or MGRP

	

	 



	2
	TSSB,SC < TSSB,CDP < TSMTC or MGRP
All occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	 



	3
	TSSB,CDP < TSSB,SC ≤ TSMTC or MGRP
All occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	 

	4
	TSSB,SC < TSSB,CDP < TSMTC or MGRP
Not all occasions of SSB of SC collide with CDP, MG and/or SMTC
	

	



	5
	TSSB,CDP < TSSB,SC ≤ TSMTC or MGRP
Not all occasions of SSB of CDP collide with SC, MG and/or SMTC
	

	



	SSBSC1 is the number of SSB occasions of serving cell which are colliding with CDP but not colliding with MG or SMTC within time max(MGRP, SMTC)
SSBCDP1 is number of SSB occasions of CDP which are colliding with SC but not colliding with MG or SMTC within max(MGRP,SMTC)
SSBSC2 is the number of SSB occasions of serving cell which are not colliding with CDP, MG or SMTC within time max(MGRP, SMTC)
SSBCDP2 is number of SSB occasions of CDP which are not colliding with SC, MG or SMTC within max(MGRP,SMTC)



Scheduling Restriction
Observation #2: The UE behaviour for inter-cell L1-RSRP measurement in dynamic TDD is captured in RAN1 specification.
Proposal #2: RAN4 need not discuss the scheduling restriction for dynamic TDD as its already captured in RAN1 specification. 
Proposal #3: The existing scheduling restrictions defined for L1 measurements on serving cell are applicable when UE is receiving PDCCH/PDSCH from cell with different PCI and no further clarification is required in specification. 

Applicability of ICBM feature
Observation #3: Without prior agreement, we don’t extend or define requirements for concurrent WIs in the same release. 
Proposal #4: Do not extend the ICBM feature and/or requirements to other concurrent Rel-17 WIs
Observation #4: The cell with different PCI is nor a serving cell or serving CC, hence common TCI would not be applicable to it.
Proposal #5: Common TCI configurations do not include cell with different PCI configured for ICBM per RAN1/ RAN2 design. No further clarification is needed in RAN4. 
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For operation on a single carrier in unpaired spectrum, for a set of symbols of a slot indicated to a UE for reccption of
SS/PBCH blocks by ssb-PositionsInBurst in SIBI or by ssb-PositionsInBurst in ServingCellConfigCommon or, if the
UE is not provided DLorJoint-TCIState or followUnifiedClstate, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI
associated to physical cell ID with active TCI states for PDCCH or PDSCH, o for a set of symbols of a slot
corresponding to SS/PBCH blocks configured for L1 beam measurement/reporting, the UE does not transmit PUSCH,
PUCCH, PRACH in the slot if a transmission would overlap with any symbol from the set of symbols and the UE does
not transmit SRS in the set of symbols of the slot. The UE does not expect the set of symbols of the slot to be indicated
as uplink by 1dd-UL-DL-ConfigurationCommeon, or tdd-UL-DL-ConfigurationDedicated, when provided to the UE.

Ifa UE

- is configured with multiple serving cells and is provided with directionalCollisionHandling-r16 = ‘enabled" for a
set of serving cell(s) among the multiple serving cells, and

- indicates support of half-DuplexTDD-CA-SameSCS-r16 capability, and
- is not configured to monitor PDCCH for detection of DCI format 2_0 on any of the multiple serving cells,

for a set of symbols of a slot that are indicated to the UE for reception of SS/PBCH blocks in a first cell of the multiple
serving cells by ssb-PositionsInBurst in SystemInformationBlockTypel or by ssb-PositionsInBurst in
ServingCellConfigCommon or, if the UE is not provided DLorJoint-TCIState ot followUnifiedTClstate, by ssb-
PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active TCI states for PDCCH or
PDSCH, o for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1 beam
‘measurement/reporting, the UE does not transmit PUSCH, PUCCH, or PRACH in the slot if a transmission would
overlap with any symbol from the set of symbols, and the UE does not transmit SRS in the set of symbols of the slot in

- any of the multiple serving cells if the UE is not capable of simultancous transmission and reception as indicated
by simultaneousRxTxInterBandCA among the multiple serving cells, and

- any one of the cells corresponding to the same band as the first cell, irrespective of any capability indicated by
simultaneousRxTxInterBandCA.
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For a set of symbols of a slot corresponding to SS/PBCH blocks with candidate SS/PBCH block indices corresponding
to the SS/PBCH block indexes indicated to a UE by ssb-PositionsInBurst in SIBI, or by ssb-PositionslnBurst in
ServingCellConfigCommon, as described in clause 4.1 or, if the UE is not provided DLorJoint-TCIState or
followUnifiedTClstate, by ssb-PositionsInBurst in SSB-MTCAdditionalPCI associated to physical cell ID with active
"TCI states_for PDCCH or PDSCH, or for a set of symbols of a slot corresponding to SS/PBCH blocks configured for L1
beam measurement/reporting, the UE does not expect to detect a DCI format 2_0 with an SFl-index field value
indicating the sct of symbols of the slot as uplink.





