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Introduction
In last RAN4 #94e-bis meeting, a WF on CSI-RS based L3 measurement capability and requirements [1] was approved. In this contribution, we further discuss the measurement requirements for CSI-RS L3 measurement. 

Discussion
# Issue 1: General measurement requirement 
WF on measurement requirements for Case 1 if associatedSSB is not configured for CSI-RS
· Option 1 (MTK, Apple, Intel, Huawei, Qualcomm, Nokia, OPPO, CATT, ZTE): 
· No requirements in Rel-16.
· Option 2 (DOCOMO, CMCC): 
· the requirement needs at least consider the CSI-RS measurement time, if associatedSSB is not configured, assuming UE shall base the timing on its serving cell (indicated by refServCellIndex or PCell)


If associatedSSB is not configured, UE should measure all configured CSI-RS resources. According to RAN1’ agreements, the max number of CSI-RS resources that can be configured in one MO is 96.  It is not feasible for UE to measure all CSI-RS resources per MO, which would increase the complexity and power consumption of UE. Therefore, RAN4 considers not to specify requirements for the case that associatedSSB is not configured. 
Proposal 1: No requirements is specified for CSI-RS L3 measurement when associatedSSB is not configured.
According to the discussion of intra-frequency and inter-frequency definition, the servingcellMO for CSI-RS can be taken as intra-frequency MO. If the MO doesn’t include the serving CSI-RS resource, no requirement is defined. Thus, RAN4 defines the requirements for the case the MO includes the serving CSI-RS resource with associated SSB, but no requirement is defined for the case the MO doesn’t include the serving CSI-RS resource and the CSI-RS resource associated SSB is configured.
Proposal 2: No requirement is defined for the case the MO doesn’t include the serving CSI-RS resource regardless of associated SSB configured or not.

# Issue 2: Gap-needed or gapless 
· Define intra-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· the BW of the CSI-RS on the neighbor cell is within the active BWP of the UE
· FFS: No requirement is defined when the BW of intra-MO is different from that of the CSI-RS resources configured for the serving cell in Rel-16 
· Define inter-frequency requirements for the scenarios
· all CSI-RS resources in the same MO have the same BW 
· FFS the BW of the CSI-RS on the neighbor cell is not completely contained or within in the active BWP of the UE


As agreed in RAN4, the above scenarios are prioritized to be defined or CSI-RS based intra-frequency and inter-frequency measurement requirement in Rel-16. We further propose to define:
· Intra-frequency measurement without gap
· Inter-frequency measurement with gap
In our view, for intra-frequency CSI-RS based measurements, UE can perform intra-frequency CSI-RS based measurements without measurement gaps if CSI-RS resource is completely contained in the active BWP of the UE. For intra-frequency CSI-RS based measurements without measurement gaps, UE may cause scheduling restriction if UE is not capable of mixed numerology or on FR1 TDD and FR2 bands.
For inter-frequency CSI-RS based measurements, UE will need GAPs if
· SCS of CSI-RS is different from active BWP if UE is not capable of mixed numerology
· CSI-RS resource is not fully confined within the active BWP
· CP of cells to be measured is different from that of active BWP
Proposal 3:  For intra-frequency CSI-RS based measurements, UE can perform intra-frequency CSI-RS based measurements without measurement gaps if 
· CSI-RS resource is completely contained in the active BWP of the UE. 
Proposal 4:  For inter-frequency CSI-RS based measurements, UE will need GAPs if
· SCS of CSI-RS is different from active BWP if UE is not capable of mixed numerology, and/or
· CSI-RS resource is not fully confined within the active BWP, and/or 
· CP of cells to be measured is different from that of active BWP

# Issue 3: UE capability of simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell
In last meeting, we also discussed whether to introduce the UE capability to indicate the simultaneous reception of CSI-RS of neighbor cell and SSB of serving cell. In our view, the existing capability SimultaneousRxDataSSB-DiffNumerology in Rel-15 cannot be reused for CSI-RS L3 measurement. · Whether to introduce the UE capability to indicate the simultaneous reception of CSI-RS of neighbour cell and SSB of serving cell 
· Option 1: New UE capability
· [bookmark: OLE_LINK3]Option 2: Reusing SimultaneousRxDataSSB-DiffNumerology 
· Option 3: Do not consider the case mix-numerology between data/SSB of serving cell and CSI-RS of neighbour cell

Table 1. UE feature list for Rel-15
	Index
	Feature group
	Components
	Prerequisite feature groups
	Field name in TS 38.331 [2]
	Parent IE in TS 38.331 [2]
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Note
	Mandatory/Optional

	3-2
	Simultaneous reception of data and SS block with different numerologies when UE conducts the serving cell measurement or intra-frequency measurement
	Simultaneous reception of data and SS block with different numerologies when UE conducts the serving cell measurement or intra-frequency measurement
	
	simultaneousRxDataSSB-DiffNumerology
	MeasAndMobParametersFRX-Diff
MeasAndMobParametersMRDC-FRX-Diff
	No
	Yes
	
	Optional with capability signalling



However, since CSI-RS and data share the same SCS due to single FT, this is similar to introduce a capability for UE supporting different SCS in source and target cells for intra-frequency and inter-frequency measurement, which is also under discussion for NR mobility enhancement in [3]. So we prefer a new UE capabilities to be defined for NR mobility enhancement can be reused here as well.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Table 2. UE feature list for Rel-16 NR mobility enhancement
	5. Mobility Enhancement
	5-5
	Support of different SCS-s in source and target cells for combination
	Support of different SCS-s in source and target cells for intra-frequency case 
Support of different SCS-s in source and target cells for inter-frequency case
	The network cannot configure the different SCS-s in source and target cells
	Optional with capability signalling


Proposal 5: If a new capability for UE supporting different SCS in source and target cells is defined in Rel-16 NR mobility measurement, reuse it for CSI-RS L3 measurement.

# Issue 4: intra-frequency and inter-frequency measurement requirement 
WF on measurement requirements for Case 2 if associatedSSB is configured for CSI-RS
Agreements:
· CSI-RS based cell identification can consider
· 1) Cell search via SSB, 2) PBCH decoding and 3) CSI-RS measurement. 
· If configured SSB fails to be detected, requirement should not be defined. 
· FFS: If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, PBCH decoding can be skipped.
· FFS: the working assumption of single FFT window and whether to define a capability.
· FFS the requirements for the cases
· FFS AGC adjustment time. 
· FFS CSSF
· FFS scheduling restriction

For cell research, UE should first try to detect the associated SSB before measuring the CSI-RS. The requirement can follow Tpss/sss for SSB-based measurement. If the target cell is the first time to be measured, the AGC adjustment time be considered as well. 
For PBCH decoding, if UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, PBCH decoding can be skipped. Otherwise, UE needs to decode PBCH to acquire the SFN, frame boundary timing, and symbol level timing of the target cell. The requirement can follow the requirement for SIB acquisition in FR2. In FR1, we can skip the Rx beam sweeping factor. 
Proposal 6: If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, PBCH decoding can be skipped.
As discussed in last meeting, almost all companies agreed to introduce the restriction on time-domain for CSI-RS resource. We support to introduce the similar measurement windows for CSI-RS, CMTC (CSI-RS Measurement Timing Configuration), and all CSI-RS resources for L3 measurement should be configured within CMTC window.
The parameters of CMTC including window length and periodicity should be further discussed in this meeting 
· CMTC window should be [TBD] ms, which is no more than 5ms.
· [bookmark: _GoBack]CMTC periodicity should be [TBD] m, which is no more than 40ms.
How many CMTC periodicities can be configured per CSI-RS intra-frequency layer and per CSI-RS inter-frequency layer, depends on RAN1’s discussion. We suggest to leave it to RAN1 and based on the current agreement only 1 CMTC periodicity should be configured for intra-f and inter-f layer.
Proposal 7: Support to introduce CMTC for restriction on time-domain for CSI-RS resource.
For intra and inter-frequency CSI-RS L3 measurement period, the requirements for SSB can be reused. Note for FR2, if CSI-RS configured with associated SSB but not QCL-ed to the associated SSB, the scaling factor for Rx sweeping is N =8. If the CSI-RS is QCL-ed to the associated SSB, N=1. Thus, Mmeas_period can be reused.
Proposal 8: Reuse values of SSB samples for intra-frequency and inter-frequency CSI-RS L3 measurements.
Table 9.x.x.x-1: Measurement period for intra-frequency measurements without gaps (FR1)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(200ms, ceil( 5 x Kp) x CMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(200ms, ceil(1.5x 5 x Kp) x max(CMTC period, DRX cycle)) x CSSFintra

	DRX cycle>320ms
	ceil( 5 x Kp ) x DRX cycle x CSSFintra

	NOTE 1:  CMTC is CSI-RS Measurement Timing Configuration.
NOTE 2:	If different CMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.x.x.x-2: Measurement period for intra-frequency measurements without gaps(FR2)
	DRX cycle
	T SSB_measurement_period_intra  

	No DRX
	max(400ms, ceil(Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x CMTC period)Note 1 x CSSFintra

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_w/o_gaps x Kp x Klayer1_measurement) x max(CMTC period,DRX cycle)) x CSSFintra 

	DRX cycle>320ms
	ceil(Mmeas_period_w/o_gaps xKp x Klayer1_measurement) x DRX cycle x CSSFintra

	NOTE 1:	CMTC is CSI-RS Measurement Timing Configuration.
NOTE 2:	If different CMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Table 9.x.x-1: Measurement period for inter-frequency measurements with gaps (FR1)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	max(200ms, (8) x max(MGRP, CMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(200ms, ceil(8 x 1.5) x max(MGRP, CMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms
	(8) x DRX cycle x CSSFinter

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.



Table 9.x.x-2: Measurement period for inter-frequency measurements with gaps (FR2)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	max(400ms, Mmeas_period_inter x max(MGRP, CMTC period)) x CSSFinter

	DRX cycle ≤ 320ms
	max(400ms, (1.5 x Mmeas_period_inter) x max(MGRP, CMTC period, DRX cycle)) x CSSFinter

	DRX cycle > 320ms
	Mmeas_period_inter x DRX cycle x CSSFinter

	NOTE 1: 	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2: 	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.



# Issue 5: Scheduling restriction
The requirements for scheduling restriction are only defined for CSI-RS L3 measurement without gaps. Regarding the scheduling restriction was introduced for SSB based measurement without gaps, the similar issues can be considered for CSI-RS L3 measurement [4].
· Collision with UL transmission and DL measurement for TDD band on FR1
· The need of Rx beam sweeping in FR2
· Mix-numerology between data/SSB of serving cell and CSI-RS of neighbour cell
[bookmark: OLE_LINK34]Proposal 9: When UE performs CSI-RS intra-frequency measurements in a FR1 TDD band, UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
Proposal 10: If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, the following scheduling restrictions apply due to intra-frequency CSI-RS based L3 measurement:
· if the associatedSSB is configured, UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
· if the associatedSSB is not configured, no requirements apply.

Conclusion
In this contribution, we propose our views as follows.
Proposal 1: No requirements is specified for CSI-RS L3 measurement when associatedSSB is not configured.
Proposal 2: No requirement is defined for the case the MO doesn’t include the serving CSI-RS resource regardless of CSI-RS resource associated SSB configured or not.
Proposal 3:  For intra-frequency CSI-RS based measurements, UE can perform intra-frequency CSI-RS based measurements without measurement gaps if 
· CSI-RS resource is completely contained in the active BWP of the UE. 
Proposal 4: For inter-frequency CSI-RS based measurements, UE will need GAPs if
· SCS of CSI-RS is different from active BWP if UE is not capable of mixed numerology, and/or
· CSI-RS resource is not fully confined within the active BWP, and/or 
· CP of cells to be measured is different from that of active BWP
Proposal 5: If a new capability for UE supporting different SCS in source and target cells is defined in Rel-16 NR mobility measurement, reuse it for CSI-RS L3 measurement.
Proposal 6: If UE already detects the SSB of the target cell and deriveSSB-IndexFromCell is indicated, PBCH decoding can be skipped.
Proposal 7: Support to introduce CMTC for restriction on time-domain for CSI-RS resource.
Proposal 8: Reuse values of SSB samples for intra-frequency and inter-frequency CSI-RS L3 measurements.
Proposal 9: When UE performs CSI-RS intra-frequency measurements in a FR1 TDD band, UE is not expected to transmit and receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
Proposal 10: If UE is not able to support mixed numerology of data and CSI-RS L3 mobility, the following scheduling restrictions apply due to intra-frequency CSI-RS based L3 measurement:
· if the associatedSSB is configured, UE is not expected to transmit or receive on 2 data OFDM symbols impacted by CSI-RS resource symbol to be measured.
· if the associatedSSB is not configured, no requirements apply.
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