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1 	Introduction
Some issues have been concluded in the last meeting, e.g., known condition of the non-serving cell, sharing factor between serving cell and non-serving cell, and L1-RSRP measurement for non-serving cell. In this paper, we would like to further discuss the requirement applicability of the inter cell L1 measurement, sharing factor and other remaining issues in [1].
2 Discussion
2.1 Requirement applicability of inter cell L1 measurement
To our understanding, according to the WI of R17 feMIMO (RP-211586), there are two scenarios:
(1) inter-cell beam management
In this case, dynamic point scheduling (DPS) is used, i.e. UE is required to be able to measure or receive signals from a serving cell and a non-serving cell with TDM manner.

(2) inter-cell mTRP:
In this case, joint transmission (JT) is used, i.e. UE is required to be able to measure or receive signals from both serving cell and non-serving cell at the same time.

Besides, according to the requirement of inter cell L1-RSRP measurement in TS 38.133 as follows, it explicitly states that the requirement is applied when UE is required to perform for inter-cell beam management.

Content extracted from TS 38.133
	9.13.4	L1-RSRP measurement requirements
9.13.4.1	Inter-cell SSB based L1-RSRP Reporting
…
The requirements specified in this clause is applicable if the number of cells with PCI different from seving cells Nmax, on which UE is required to perform inter-cell BM, is no more than one.



Thus, we would like to confirm in RAN4 that, for the inter cell mTRP, the inter cell L1-RSRP requirement defined in TS 38.133 is not applicable.
[bookmark: _Ref101447314]Proposal 1: Inter-cell L1-RSRP requirements are not applicable for inter cell mTRP case, which UE is required to be able simultaneously receive from both serving cell and non-serving cell at a time, i.e. inter cell joint transmission (JT).

2.2 Sharing factor
In the last meeting, the sharing factor between serving cell and non-serving cell for L1-RSRP measurement is defined. However, to our understanding, some cases are problematic. One example is provided as below. The assumption of the periodicity and offset for SSB from serving cell and non-serving cell, SMTC occasion and measurement gap (MG) are provided as follows.

[bookmark: _Ref101373120]Table 1. The configuration for SSB, SMTC and MG
	
	SSB from serving cell
	SSB from non-serving cell
	SMTC
	MG

	Periodicity (ms)
	10
	20
	40
	20

	Offset (ms)
	0
	0
	0
	10




Based on Table 1, the occasion pattern can be illustrated as Figure 1.

	Timeline(ms)

signal/occassion
	0
	10
	20
	30
	40
	50
	60
	70

	SC’s SSB
	O
	O
	O
	O
	O
	O
	O
	O

	NSC’s SSB
	O
	
	O
	
	O
	
	O
	

	Smtc
	V
	
	
	
	V
	
	
	

	mg
	
	X
	
	X
	
	X
	
	X


[bookmark: _Ref101373195]Figure 1. illustration of the occasion pattern of SSB, SMTC and MG

According to the following requirements, the sharing factor of serving cell and non-serving cell are PSC_total = 8 and PNSC_total = 2, respectively. To check whether the measurement sample for serving cell and non-serving cell is enough or not, we take the least common multiple (LCM) of PSC_total*Tsc_SSB, PNSC_total*TNSC_SSB, TSMTC and TMG into account. 
In this case, LCM(8*10, 2*20, 40, 20) = 80 which means, within 80 ms, UE should get at least 1 (LCM/(PSC_total*Tsc_SSB) = 80/80) and 2 (LCM/(PNSC_total*TNsc_SSB)= 80/40) samples from serving cell and non-serving cell, respectively.

Content extracted from clause 9.5.4 and clause 9.13.4 in TS 38.133
	Serving cell
-	P=, when SSB is partially overlapped with [measurement gap] and SSB is partially overlapped with SMTC occasion (TSSB < TSMTCperiod) and SMTC occasion is not overlapped with [measurement gap] and
-	TSMTCperiod ≠ xRP or
-	TSMTCperiod = xRP and TSSB < 0.5*TSMTCperiod

-	PSC =  if the SSB measurement occasions of the cell with PCI different from serving cell are fully overlapped with SSB measurement occasions of the serving cell, and TSSB < TSSB_CDP < TSMTCperiod

	Non-serving cell
-	P=, when SSB is not overlapped with measurement gap and SSB is partially overlapped with SMTC occasion (TSSB_CDP < TSMTCperiod). 

-	PCDP = 1 if the SSB measurement occasions of the cell with PCI different from serving cell are fully overlapped with SSB measurement occasions of the serving cell, and TSSB_SC < TSSB_CDP < TSMTCperiod



However, according to the following RAN4 ‘s agreement, RAN4 agreed that UE is not required to measure serving cell and non-serving cell by the same beam, i.e. at the same time. 

Agreement in RAN4 #102e
	· UE behaviour assumed for defining L1-RSRP measurement on a cell with different PCI
· …
· For FR2, measurement on SC and cell with different PCI CANNOT be performed by the same beam.



Thus, it is impossible that, within 80 ms, to acquire 1 and 2 measurement samples from serving cell and non-serving cell, respectively. Because there are only two possible occasions (i.e. 20 ms and 60 ms in Figure 1) for UE to get the measurement samples.

[bookmark: _Ref101430480][bookmark: _Ref101448830]Observation 1: Further extension because of the L1 RSRP measurement occasions shared between SC and NSC is needed. E.g. at time point of 20 ms and 60 ms in Figure 1.

[bookmark: _Ref101447322]Proposal 2: RAN4 to further study R17 sharing factor for L1-RSRP measurement, considering the remaining occasions are fully overlapped between serving cell and non-serving cell.

2.3 Scheduling availability
In this section, there are three issues (1) Applicability (2) Different SCS between non-serving cell and serving cell (3) Independent beam management 

2.3.1 Applicability
As Figure 2, the scheduling restriction should be further discussed for the following two cases:

[image: ]

[bookmark: _Ref101377190]Figure 2. Illustration of the two possible cases for the scheduling restriction.

· Case 1: the data from serving cell and the SSB from non-serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol

· In this case, scheduling restriction applies on serving cell due to L1-RSRP measurement for non-serving cell, i.e., UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on serving cell and the L1-RSRP measurement for non-serving cell is performed.

· This case is already defined in clause 9.13.6 of TS 38.133

· Case 2: the data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol

· In this case, scheduling restriction applies on non-serving cell due to L1-RSRP measurement for serving cell, i.e., UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/CSI-RS for tracking/CSI-RS for CQI on non-serving cell and the L1-RSRP measurement for serving cell is performed.

To our understanding, the case 2 is possible occur in the real deployment. Thus, to avoid the collision, the case 2 should be defined to make the specification complete.

[bookmark: _Ref101447331]Proposal 3: To define non-serving cell scheduling availability for the case that data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol. 

2.3.2 Different SCS between non-serving cell and serving cell
In the legacy requirement, for the case when the SSB and data are scheduled in the same OFDM symbol and the SCS between SSB and data is different, the requirement will depend on whether UE supports simultaneousRxDataSSB-DiffNumerology, i.e., no scheduling restriction if UE supports the IE. To our understanding, such IE should be also applied for the non-serving cell. However, according to the following Table 2, the IE seems not applicable to non-serving cell. Thus, to make the UE capability clearer, to introduce a new UE requirement for the non-serving cell is suggested.

[bookmark: _Ref101380110]Table 2. Details of simultaneousRxDataSSB-DiffNumerology extracted from TS 38.306 for reference.

	simultaneousRxDataSSB-DiffNumerology
Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell and PDCCH or PDSCH reception from the serving cell with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	UE
	No
	No
	Yes



[bookmark: _Ref101447339]Proposal 4: To introduce a new UE capability simultaneousRxDataSSB-DiffNumerology_r17 to additionally consider non-serving cell, if UE supports of L1 RSRP measurement/reporting for R17 inter-cell beam management. 


	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-Y-1
	simultaneousRxDataSSB-DiffNumerology_r17
	Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell or non-serving cell (if applicable) and PDCCH or PDSCH reception from the serving cell or non-serving cell (if applicable) with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	TBD 
	yes
	no
	UE does not supports concurrent intra-frequency measurement on serving cell or neighbouring cell or non-serving cell (if applicable) and PDCCH or PDSCH reception from the serving cell or non-serving cell (if applicable) with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	[Per UE]
	No
	No
	NA
	
	Optional 




2.3.3 Independent beam management for non-serving cell
In the R16, for the scheduling restriction of serving cell on L1-RSRP measurement, the independent beam management for FR2 inter-band CA is introduced. However, to our understanding, whether to define the joint requirement of independent beam management requirement and inter-cell beam management should be discussed in RAN4 first. 

[bookmark: _Ref101447346]Proposal 5: For the joint requirement of IBM and inter-cell BM, two options are suggested for group.
· Option 1: No UE requirement applies for FR2 inter-band CA case
· Option 2: To consider the inter-band CA case and UE should be able to perform the SSB based measurements on non-serving cell in one band without any measurement and scheduling restrictions in the other band.

2.4 MRTD requirement
In current spec, RAN4 agreed that the current MRTD requirement can be applied for the mTRP scenario. The corresponding requirement is provided as follows.

Content extracted from TS 38.133
	7.6	Maximum Receive Timing Difference
7.6.1	Introduction
…
The requirements defined in clause [7.6] are also applicable when UE is configured to receive multiple PDSCH transmission occasions from one or more QCL sources on any one of the aggregated NR carriers.



However, in the R17 inter-cell beam management, the similar discussion is needed. To our understanding, for the typical case, the serving cell and non-serving cell is non collocated. And, as red arrow in Figure 3, two cases should be further discussed.
· Case 1: Whether the received timing difference between serving cell in CC0 and non-serving cell in CC1 should be within the existing MRTD requirement?

· Case 2: Whether the received timing difference between non-serving cell in CC0 and non-serving cell in CC1 should be within the existing MRTD requirement?

[image: ]
[bookmark: _Ref101378766]Figure 3. Illustration of MRTD between serving cell and non-serving cell in two different CCs.

[bookmark: _Ref101447372]Proposal 6: RAN4 to study whether the exiting MRTD requirement can be reused for the following cases:
· serving cell in CC0 and non-serving cell in CC1
· non serving cell in CC0 and non-serving cell in CC1

3 Summary
In this paper, the discussion of inter cell beam management is provided. We have the following proposal:
Proposal 1: Inter-cell L1-RSRP requirements are not applicable for inter cell mTRP case, which UE is required to be able simultaneously receive from both serving cell and non-serving cell at a time, i.e. inter cell joint transmission (JT).
Proposal 2: RAN4 to further study R17 sharing factor for L1-RSRP measurement, considering the remaining occasions are fully overlapped between serving cell and non-serving cell.
Proposal 3: To define non-serving cell scheduling availability for the case that data from non-serving cell and the SSB from serving cell for L1-RSRP measurement are transmitted in the same OFDM symbol.
Proposal 4: To introduce a new UE capability simultaneousRxDataSSB-DiffNumerology_r17 to additionally consider non-serving cell, if UE supports of L1 RSRP measurement/reporting for R17 inter-cell beam management. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-Y-1
	simultaneousRxDataSSB-DiffNumerology_r17
	Indicates whether the UE supports concurrent intra-frequency measurement on serving cell or neighbouring cell or non-serving cell (if applicable) and PDCCH or PDSCH reception from the serving cell or non-serving cell (if applicable) with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	TBD 
	yes
	no
	UE does not supports concurrent intra-frequency measurement on serving cell or neighbouring cell or non-serving cell (if applicable) and PDCCH or PDSCH reception from the serving cell or non-serving cell (if applicable) with a different numerology as defined in clause 8 and 9 of TS 38.133 [5].
	[Per UE]
	No
	No
	NA
	
	Optional 



Proposal 5: For the joint requirement of IBM and inter-cell BM, two options are suggested for group.
· Option 1: No UE requirement applies for FR2 inter-band CA case
· Option 2: To consider the inter-band CA case and UE should be able to perform the SSB based measurements on non-serving cell in one band without any measurement and scheduling restrictions in the other band.
Proposal 6: RAN4 to study whether the exiting MRTD requirement can be reused for the following cases:
· serving cell in CC0 and non-serving cell in CC1
· non serving cell in CC0 and non-serving cell in CC1
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