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Introduction
This document is to capture the WF on RRM mobility and measurement requirements for NR NTN. The scope of WF includes the following agenda items:
· 6.13.5.1 - General
· 6.13.5.3 - Mobility requirements
· 6.13.5.5 - Measurement procedure requirements

Topic #1: General requirements
Issue 1-2: TN-NTN
Issue 1-2-1: TN-NTN RRM requirements for RRC Connected mode
Conclusion:
· It is recommended to skip this high-level discussion unless any critical issues are identified.

Issue 1-3: Side condition and Simulations
Issue 1-3-2: Elevation angle
Agreement:
· Elevation angle is not defined as a side condition for NTN RRM requirements.

Issue 1-3-3: The number of neighbour cells/beams for measurement
Agreement:
· Number of neighbour cells/beams is defined as NTN UE capability requirements, and the number of neighbour cells/beams for GEO cell measurements is up to 4 per frequency layer.

Issue 1-4: DRX Cycle
Issue 1-4-2: Applicability of Legacy DRX Cycles for Earth-moving Cell
· Agreements
· Define RRM requirements for all legacy DRX cycles 
· FFS on applicability of 2.56s DRX cycle for earth-moving LEO deployment

Agreement:
Regarding whether 2.56s DRX cycle is applicable for earth-moving LEO deployment.
·  Whether and what DRX cycle length to configure is up to NW, but UE is not required to fulfil the requirements for 2.56s DRX cycle length for earth-moving LEO deployment.

Issue 1-5: Cell Service Time
Issue 1-5-1: Measurement based on Cell Service Time
Companies’ views are not much different from each other. The following is suggested to agree on principles that can be found from most of the comments.
Agreement:
· UE in RRC Idle/Inactive mode shall be able to detect, measure, and evaluate neighbour cells before a serving cell stops serving the area, if Serving cell service time information is broadcasted and applicable, regardless of whether the distance condition based on serving cell reference location or the legacy Srxlev/Squal condition are met. When to start detection, measurement, and evaluation is up to UE implementation.
· FFS whether UE shall start the detection, measurement and evaluation on neighbour cells at the time when the legacy S/R criteria are met, e.g. serving cell RSRP is worse than threshold.
· The above does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of ‘serving cell stop time’ is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Tdetect,NR_Intra and K*Tdetect,NR_Inter. Tdetect,NR_Intra, K, and Tdetect,NR_Inter are FFS.

Issue 1-6: Neighbour/Target Cell/Satellite Information Acquisition
Issue 1-6-1: If valid neighbour/target cell’s timing information in terms of validity or accuracy is not provided to UE,
Agreement:
· RAN4 to discuss whether and how to define “availability of valid target satellite information as side condition” in RAN4#102 e-meeting if RAN2 reply LS is received.
· It is recommended companies provide details on the following aspects as well:
· How to use the availability information, if defined, e.g. for differentiating requirements depending on the availability or for defining requirement applicability rule
· Whether the above is only for measurement or both measurement and mobility
· Whether the above is only for RRC Connected mode or irrespective of RRC state

Conclusion:
The following can be discussed based on contributions in RAN4 #102 e-meeitng.
· Whether specify UE behavior whether the UE stops RRM measurements and reporting once the validity timer is expired (i.e., new or additional ephemeris information is not available within the associated validity duration).

Issue 1-7: RRM Spec Documentation
Issue 1-7-1: A spec structure of NTN UE RRM requirements
Session chair’s comment in the 1st round GTW
· Session chair: Rapporteur (Thales) and moderator are asked to prepare a draft of CR split and provide initial version of the list the affected specification clauses. It will be discussed in the 2nd round.

Agreement:
· Section numbers for NTN always end with B, i.e. x.y.zB

Agreement:
For those requirements applicable to but not affected by NTN, the following options will be further discussed:
· Option 1) RAN4 will copy and paste them in separate sections for NTN
· Option 2) RAN4 will introduce the applicability of the existing requirements in respective requirements
· Depending on the conclusion of ‘Issue 1-7-1: A spec structure of NTN UE RRM requirements’, the owner of big-draft CR will implement all individual draft CRs in one big CR accordingly.

Agreement:
Applicability of the following requirements are as below:
· NR FR2 – NR FR1 HO 
· FFS
· NR FR1 – NR FR2 HO 
· FFS
· NR FR2 – NR FR2 HO 
· FFS
· L1-SINR measurements for Reporting 
· Not applicable in Rel-17
· CSI-RS based L3 measurements 
· Not applicable in Rel-17
· NR measurements with autonomous gaps 
· Not applicable in Rel-17
· Requirements indicated as FFS will be included in CRs with ‘Void’ until any conclusion is made.

Agreement:
· Idle/Inactive mode mobility Requirements
	Category
	Sub-category
	Requirement
	(applicable and will be affected)
	Company

	4. RRC_IDLE state mobility
	Cell Re-selection
	UE measurement capability
	(Y, Y)
	LGE

	
	
	Measurement and evaluation of serving cell
	(Y, FFS)
	Intel

	
	
	Measurements of intra-frequency NR cells
	(Y, FFS)
	Intel

	
	
	Measurements of inter-frequency NR cells
	(Y, FFS)
	Huawei

	
	
	Maximum interruption in paging reception
	(Y, FFS)
	Xiaomi

	
	
	Minimum requirement at transitions
	(FFS, FFS)
	Huawei

	
	
	Measurements of intra-frequency NR cells for UE configured with relaxed measurement criterion
	(FFS, FFS)
	Huawei

	
	Minimization of Drive Tests (MDT)
	Measurement Requirements
	(FFS, FFS)
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy
	(FFS, FFS)
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy for RRC Connection Establishment Failure Log Reporting
	(FFS, FFS)
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy for Radio Link Failure and Handover Failure Log Reporting
	(FFS, FFS)
	Qualcomm

	5 RRC_INACTIVE state mobility
	Cell Re-selection
	UE measurement capability
	Same as the ones for IDLE.
	Intel

	
	
	Measurement and evaluation of serving cell
	Same as the ones for IDLE.
	Intel

	
	
	Measurements of intra-frequency NR cells
	Same as the ones for IDLE.
	Intel

	
	
	Measurements of inter-frequency NR cells
	Same as the ones for IDLE.
	Intel

	
	
	Maximum interruption in paging reception
	Same as the ones for IDLE.
	Intel

	
	Minimization of Drive Tests (MDT)
	Measurement Requirements
	Same as the ones for IDLE.
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy
	Same as the ones for IDLE.
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy for RRC Connection Establishment Failure Log Reporting
	Same as the ones for IDLE.
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy for Radio Link Failure and Handover Failure Log Reporting
	Same as the ones for IDLE.
	Qualcomm

	
	
	Requirements for Relative Time Stamp Accuracy for RRC Resume Failure Log Reporting
	Same as the ones for IDLE.
	Qualcomm


 
· Connected Mode Mobility Requirements
	Category
	Sub-category
	Requirement
	(applicable and will be affected)
	Company

	6. RRC_CONNECTED state mobility
	Handover Parameters - NR Handover
	NR FR1 - NR FR1 Handover
	(Y, FFS)
	CATT

	
	
	NR FR2- NR FR1 Handover
	(FFS, FFS)
	

	
	
	NR FR2- NR FR2 Handover
	(FFS, FFS)
	

	
	
	NR FR1- NR FR2 Handover
	(FFS, FFS)
	

	
	Handover Parameters - NR DAPS (Dual-Active Protocol Stack) Handover
	NR FR1 - NR FR1 DAPS Handover
	(N, N)
	

	
	
	NR FR2- NR FR1 DAPS Handover
	(N, N)
	

	
	
	NR FR1- NR FR2 DAPS Handover
	(N, N)
	

	
	Handover Parameters - NR Conditional Handover
	NR FR1 – NR FR1 conditional handover
	(Y, Y)
	

	
	
	NR FR2 – NR FR1 conditional handover
	(FFS, FFS)
	

	
	
	NR FR2 – NR FR2 conditional handover
	(FFS, FFS)
	

	
	
	NR FR1 – NR FR2 conditional handover
	(FFS, FFS)
	

	
	RRC Connection Mobility Control
	SA: RRC Re-establishment
	(Y, FFS)
	

	
	
	Random access
	(Y, FFS)
	

	
	
	SA: RRC Connection Release with Redirection
	(Y, FFS)
	


 
· Timing Requirements
	Category
	Requirements
	(applicable and will be affected)
	Company

	7. Timing
	UE transmit timing
	(Y, Y)
	HW

	
	UE timer accuracy
	(Y, FFS)
	Xiaomi

	
	Timing advance
	(Y, Y)
	MTK

	
	Cell phase synchronization accuracy
	(N, N)
	

	
	Maximum Transmission Timing Difference
	(N, N)
	

	
	Maximum Receive Timing Difference
	(N, N)
	

	
	deriveSSB-IndexFromCell tolerance
	(FFS, FFS)
	THALES if applicable and affected.


 
· Signaling Characteristics Requirements
	Category
	Requirements
	(applicable and will be affected)
	Company

	8. Signalling characteristics Parameter
	Radio Link Monitoring
	(Y, FFS)
	 Ericsson

	
	Interruption
	(N, N)
	

	
	SCell Activation and Deactivation Delay
	(N, N)
	

	
	UE UL carrier RRC reconfiguration delay
	(N, N)
	

	
	Link Recovery Procedures
	(Y, FFS)
	

	
	Active BWP switch delay
	(Y, FFS)
	

	
	PSCell Change
	(N, N)
	

	
	Uplink spatial relation switch delay
	(FFS, FFS)
	

	
	UE-specific CBW change
	(Y, FFS)
	


 
· Measurement Procedures Requirements
	Category
	Requirements
	(applicable and will be affected)
	Company

	9. Measurement procedure
	General measurement requirement
	(Y, Y)
	OPPO

	
	NR intra-frequency measurements
	(Y, Y)
	HW

	
	NR inter-frequency measurements
	(Y, Y)
	Xiaomi

	
	L1-RSRP measurements for Reporting
	(Y, Y)
	Apple

	
	Cross Link Interference measurements
	(N, N)
	

	
	L1-SINR measurements for Reporting
	(N, N)
	

	
	NR measurements for positioning
	(N, N)
	

	
	CSI-RS based L3 measurements
	(N, N)
	

	
	NR measurements with autonomous gaps
	(N, N)
	



Issue 1-8: Signalling characteristics
Issue 1-8-1: Requirements related to Signalling Characteristics
Agreement:
· The following requirements in Signalling Characteristics are not relevant to NTN.
· Interruption: no other active cells that can be interrupted by the other cell in NTN
· SCell activation
· UL carrier re-configuration
· NE-DC/NR-DC PSCell addition
· PSCell change
· UL spatial relation switch
· For the following requirements, the legacy requirements are reused in NTN.
· Active BWP switch
· UE-specific CBW change
· (Note) Detailed text can be modified to reflect NTN specific updates made by RAN1/2.
· FFS on the following candidates to enhance RLM and Link Recovery requirements.
· Modification of hypothetical PDCCH formats for SSB and/or CSI-RS based RLM and BFD
· Modification of BLER_out/in
· Introducing an intermediate BLER between BLER_out and BLER_in
· Modification of Evaluation period
· (Note) FR2 RRM requirements are not yet considered.

Topic #2: Mobility requirements
Issue 2-1: Cell selection and reselection
Issue 2-1-1: Relaxation on cell reselection margin
Agreement:
· Relaxation on cell reselection margin (referring to rangeToBestCell or ‘the cell is at least 3dB better ranked in FR1’ in reselection requirements) will be discussed in Performance Part.

Issue 2-1-3: Cell Selection/Reselection delay requirements
· Agreements
· Same cell Selection/Reselection delay requirements will apply for UE Idle/Inactive mode for LEO and GEO scenarios
· The requirements shall be based on LEO scenario assumptions

Agreement:
· The above agreement also applies to TN cells when UE is in NTN NR Idle/Inactive mode, i.e. when UE is monitoring paging channel from NTN cell.
· (note) The above doesn’t stop further enhancement/relaxation due to certain reasons, e.g. similar manner in present specification: reselection with relaxed measurement criterion besides of normal reselection requirement.

Issue 2-1-4: Higher priority search
Agreement:
· The current T_higher_priority_search can be modified as (K * M_layers) seconds for NTN UE requirement. And E-UTRAN carrier won’t be included in the definition of M_layers.
· For GEO,
· Option 1: K 60 and M_layers = N_layers (same as the current requirement)
· Option 2: Modify K and/or M_layers (< N_layers)
· Option 2a: Fixed value
· Option 2b: Based on system information (e.g. reference location, remain service time) and UE assist information (e.g. UE location), K and M_layers can be differently determined.
· For LEO,
· Option 1: K 60 and M_layers = N_layers (same as the current requirement)
· Option 2: Modify K and/or M_layers (< N_layers)
· Option 2a: Fixed value
· Option 2b: Based on system information (e.g. reference location, remain service time) and UE assist information (e.g. UE location), K and M_layers can be differently determined.
· (Note) It should be also addressed how the requirement applies if UE can’t know whether target measurement cells are TN, GEO, LEO earth moving, or LEO earth fixed.

Issue 2-1-5: Maximum interruption in paging reception
Agreement:
· Option 1: The maximum interruption in paging reception for NTN cell reselection shall not exceed TSI-NR + 2*Ttarget_cell_SMTC_period + X*Tsearch [ms], where,
· T_SI-NR is the time required for receiving all the relevant system information data;
· Ttarget_cell_SMTC_period is the periodicity of the SMTC occasions configured for the target NR cell;
· Tsearch is the time required to search the target intra/inter-frequency cell.
· X = 0 or 1. How to determine the value is FFS.
· Option 2: TSI-NR + Y*Ttarget_cell_SMTC_period + X*Tsearch [ms]
· When X≠0，Y=0 or 1

Issue 2-2 CHO
Issue 2-2-1: Timeline for NTN CHO
Agreement:
· Option 1: The timeline for NTN CHO is defined as the time between the end of the last TTI containing the RRC command and the start the transmission of the new uplink PRACH, which can be expressed as follows:
· DCHO = TRRC + TEvent_DU + [Tmeasure] + Tinterrupt + TCHO_execution, where
· TRRC is the RRC procedure delay.
· TEvent_DU is the delay uncertainty which is 
· Option 1-1-1: the time from either when the UE successfully decodes a conditional handover command or T1, whichever comes second until a condition exists at the measurement reference point which will trigger the conditional handover. 
· Option 1-1-2: the time from when the UE successfully decodes a conditional handover command until the later of the time when a measurement condition exists at the measurement reference point and the time when a time or location condition (if configured) exists.
· Other options are not precluded.
· Tmeasure is the measurements time delay, and the exact definition is
· Option 1-2-1: the time from the end of TEvent_DU until UE executes a handover to a target cell and interruption starts.
· Option 1-2-2: time uncertainty between RSRP trigger event and T1/T2 for time-based CHO or between RSRP trigger event and location event trigger for location-based CHO
· Option 1-2-3: for time-based CHO, Ttime is added to DCHO: Ttime is the delay between UE successfully decodes the command until T1 which is configured by the network; only after T1 does the UE monitors the event triggering CHO. If T1 is before RRC decoding completion, Ttime = 0.
· Other options are not precluded.
· FFS whether the timing differences between serving and target cells are included in Tmeasure
· TCHO_execution is the UE execution preparation time for conditional handover. 
· Tinterrupt is the time between when the UE starts to execute the conditional handover to the target cell and the time the UE starts transmission of the new PRACH. FFS on whether to add an additional delay due to system information reading from a target cell when UE does not have a valid target’s cell information by the time when UE transmits PRACH toward the target cell, which will be determined when RAN2 response LS is received.
· For time-based CHO (in combination with the existing R16 CHO measurement):
· CHO shall not be carried out before T1. Here, T1 is defined by RAN2 and represents the earliest point in time when the UE can perform CHO to the candidate target cell.
· CHO shall not be carried out after T2. Here, T2 is defined by RAN2 and represents the end of the time window.
· Exact position of T1 in time is FFS
· FFS on if ‘T2-T1’ is less than ‘Tmeasure + Tinterrupt + TCHO_execution’, the requirement is not applied.
· Needs RAN2 confirmation on whether UE should complete the CHO during [T1, T2].
· For location-based CHO (in combination with the existing R16 CHO measurement):
· FFS: CHO shall not be carried out when condEvent L4 is not met.
· (Note) condEvent L4: Distance between UE and the PCell’s reference location becomes larger than absolute threshold1 AND the distance between UE and the Conditional reconfiguration candidate becomes shorter than absolute threshold2
· Option 2: DCHO = TRRC + Ttime + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution+ Tdiff, where
· Ttime is the time duration from UE successfully decode the CO command to the time point configured by the network as the starting point of UE monitoring the triggering of CHO, which is T1.
· Tdiff is the absolute timing difference in ms, between serving and target cells. FFS whether it can be included in Tmeasure.
· 	TEvent_DU is the delay uncertainty which is the time from T1, to the time instance where a condition exists at the measurement reference point which will trigger the conditional handover.
· Other detailed side conditions need to be further checked, e.g. ±[3200]Tc in 6.1.4.2.2 Measurement time.

Issue 2-2-3: Measurement Prioritization during CHO
Agreement:
The following three options will be further discussed in RAN4#102 e-meeting.
· Option 1:
· Measurement prioritization during CHO depends on NW implementation, i.e. no enhancement.
· Option 2:
· When UE is configured with C (location and RRM) or D (time and RRM) for CHO, UE only:
· measures the SMTC window which the target cell belongs to
· measures frequency layer which the target cell belongs to
· If the condition for location or time is met,
· condition may be a time or location (e.g. T1 or location) configured by NW.
· condition may be T2-T1< 2 * SMTC periodicity
· (Note) T1 or location thread signaled by network may leave long time till serving cell expire time, in these cases, priority is not very urgent.

Topic #3: Measurement procedure requirements
Issue 3-1: Multiple SMTCs and Measurement Gap
Issue 3-1-1: The maximum number of SMTCs per Frequency layer
Conclusion:
Wait for RAN2 reply LS.

Issue 3-1-2: Capability on the number of Measurement Cell Groups
Conclusion:
Wait for RAN2 reply LS.

Issue 3-1-3: Capability on the number of Measurement Carriers/Cells/SSBs
Agreement:
· Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is [3] including serving CC
· the number of NTN and TN carriers UE needs to monitor is X (>[3]) including serving CC
· FFS for VSAT UE
· the number of SSB beams UE needs to monitor per NTN carrier is [8] (it also depends how many SMTC those SSBs are located in, e.g., if 8SSBs belongs to 4 SMTCs but UE can only support 2 SMTC, then cannot directly say 8SSBs are supported)
· Define the following addition measurement capability requirements for LEO
· Minimal requirements on the number of target satellites UE needs to monitor is [2] including serving LEO satellite if applicable. 
· Optional requirements on the number of target satellites UE needs to monitor is FFS, with respect to UE’s capability.

Issue 3-1-4: Measurement with multiple SMTCs
Agreement:
· Item-1: Scheduling restriction
· Option 1: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
· Option 2: Same as Option 1, but only for the case where either serving or target measurement cells is LEO. Otherwise, no scheduling restriction is defined.
· Option 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps; the UE is not required to measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
· Option 4: Please add yours, if any.
· Item-2: Scaling factor
· Option 1: When a measurement frequency is configured with multiple SMTCs with different offset values, the measurement frequency is treated as multiple independent measurement frequencies in terms of measurement period/interval and CSSF (Carrier Specific Scaling Factor) which represents the number of measurement carriers that share one cell search/measurement engine.
· Option 2: Different solutions in terms of whether and exact number of scaling factor for the following cases:
· Whether UE can measure multiple SMTCs within one periodicity, and how many SMTCs can be measured in parallel.
· If not all of them can be used by UE in parallel, whether or not UE and NW are in-sync in terms of which SMTCs will be in use at a given time 
· Option 3: When a measurement frequency is configured with multiple LEO satellites to measure, the number of LEO satellites is accounted in CSSF for connected mode and Kcarrier for idle/inactive mode.
· For all options, there can be more aspects to be taken into account, e.g. fully vs. partially overlapping SMTCs
· Item-3: SSBs fully or partially contained SMTC
· Wait for further progress from RAN2
· Item-4: Requirements when the number of configured SMTCs per Frequency layer is beyond UE capability
· Option 1: UE is not expected to be configured with more SMTCs than its capability
· Option 2: UE can be configured with more SMTCs than its capability. In such a case, requirements are FFS, e.g. not applicable or based on the worst case
· Different options can be adopted depending on UE RRC state.
· Item-5: Fully or partially colliding SMTCs
· Option 1: SMTCs on the same frequency do not overlap
· Option 2: Consider cases where MTCs on the same frequency can fully or partially overlap, and define same or different requirements for fully-, partially-, and non-overlapping cases.
· Option 3: Please add yours, if any.
· Item-6: Please add, if any.

Issue 3-1-6: Measurement Gap
Agreement:
· RAN4 to discuss Gap-based measurement including the following aspects in detail based on further progress made by RAN2 NTN and RAN4 Concurrent MG WI before RAN4#102 e-meeting starts:
· Maximal number of MG 
· Matching between SMTC and MG if applicable
· Proximity condition for overlapping
· UE behavior during colliding gap occasion
· RAN4 to discuss how MG deals with unalignment,e.g. edge of SMTC window may cross MGL, due to propagation delay offset/timing error between serving cell and neighbor cell.

Issue 3-1-8: Measurement requirements and with multiple satellites
Agreement:
· For LEO, UE is not required to receive signals from multiple satellites/measurement cell groups at one time.
· (Note) The above does not mean ‘UE only needs to receive signal from one satellite/measurement cell group at one time for LEO’
· (Note) The above does not imply ‘any explicit limitation of number of satellite/measurement cell group to 1’ 

Issue 3-1-9: Others
Conclusion:
· Further discussion on the following is not precluded if the whole framework is provided including potential RAN2 impact:
· To restrict the SMTC/MG configuration for low elevation satellite, the report of UE assistant information (propagation delay difference) could be deferred until satellites are located at the lowest elevation angle.

Issue 3-2: Measurement relaxation
Issue 3-2-1: Measurement Relaxation
Agreement:
· No measurement relaxation for NTN UE in LEO.
· FFS on whether to consider measurement relaxation for NTN UE in GEO.

Issue 3-2-2: Cell Service Time based Measurement Relaxation
Agreement:
· Not specify Cell Service Time based measurement relaxation.  

Issue 3-2-3: Location based Measurement Relaxation
Agreement:
· Not specify Location based measurement relaxation.  

Issue 3-2-4: TN Cell Measurement Relaxation in RRC Idle mode
Agreement:
· TN cell measurement relaxation is not impacted due to NTN measurement

Issue 3-3: Other aspects for Measurement procedure requirement
Issue 3-3-1: Measurement requirements and serving cell SIB reading time
Agreement:
The following will be discussed in RAN4#102 e-meeting after receiving RAN2 reply LS.
· The reading time of essential information for NTN neighbor cell measurement should be accounted in the measurement period measurements, if identified as necessary. And the issue will be treated in all relevant requirements commonly.
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