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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:
· 8.13.5.1 - General requirements
· 8.13.5.3 - Mobility requirements
· 8.13.5.5 - Measurement procedure requirements


Topic #1: General requirements
Issue 1-1: Requirements for Different Deployments
Issue 1-1-1: RAN4 to define different RRM requirements for different deployments, e.g. satellite types, altitude, earth-fixed vs. –moving, etc.
Agreements:
RAN4 to define different RRM requirements for different deployments, e.g. quasi-earth fixed cell and earth moving cell for NGSO, and satellite types, e.g. GSO and NGSO with different altitudes.
· (Note) The requirements are defined in such a way that those are applicable for different deployments and satellite types and different deployment and satellite types can have different requirements. However, it doesn’t necessarily mean RRM requirements for different deployments and satellite types can’t be the same.
 
Issue 1-2: TN-NTN
Issue 1-2-1: RRM requirements for RRC Connected mode
Conclusion:
Connected mode measurement/mobility requirements for TN-NTN are not precluded. The relevant discussions are not precluded, and based on contributions in the next future RAN4 meetings as usual.

Issue 1-3: Side condition and Simulations
Issue 1-3-1: Keep the same side conditions in terms of S(I)NR as legacy
Agreements:
NTN RRM measurement/mobility requirements reuse the same side conditions in terms of S(I)NR as legacy unless a specific technical issue is identified.
· (Note) To re-open the discussion on side condition change, technical analysis on issue and resolution shall be provided.

Issue 1-3-2: Elevation angle
Agreements:
The lowest elevation angles to be considered for RRM measurement/mobility related simulation calibration, if any, are:
· For GEO: 10deg
· For LEO: 30deg
· (Note) The lowest angles above do not restrict UE RRM measurement/mobility to a specific angle range. If needed, further discussion and separate decision can be made in the future RAN4 meetings.

Issue 1-3-3: The number of neighbour cells/beams for measurement
Agreements:
· If the number of neighbour cells/beams for GEO cell measurements needs to be limited, the maximum can be [X], e.g. X=4. FFS on whether X is per frequency layer.
· UE capability on the number of Measurement Carriers/Cells/SSBs will be discussed/determined separately.

Issue 1-3-4: Further System level Simulation
Conclusion:
Companies can discuss whether and how to proceed with comprehensive examination, e.g. Dynamic system level simulations, in detail after RAN4#101 e-meeting.

Issue 1-4: DRX Cycle
Issue 1-4-1: Applicability of Legacy DRX Cycles for GEO
Agreements:
All Rel-16 DRX cycle lengths are applicable for GEO

Issue 1-4-2: Applicability of Legacy DRX Cycles for NGSO, e.g. LEO
Agreements:
· For quasi-earth fixed LEO, all Rel-16 DRX cycle lengths are applicable
· For earth moving fixed LEO,
· Option 1:
· All Rel-16 DRX cycle lengths should be applicable
· Option 2:
· 2.56s DRX cycle is not used for earth-moving LEO deployment
· Option 3:
· FFS

Issue 1-5: Cell Service Time
Issue 1-5-1: Measurement based on Cell Service Time
Agreements:
· Option 1: (Ericsson, Nokia)
· “broadcasted cell stop-time”-“UE measurement start-time” in ‘timing information’ shall be equal to Tdetect,NR_Intra/ Tdetect,NR_Inter at least or longer
· Clarification and further explanations:
· Update of requirement for reselection is shown as below exemplarily: ‘The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS38.304 [1] within Tdetect,NR_Intra when that Treselection= 0 before cell is going to stop serving the area, if applicable .’  
· And, “broadcasted cell stop-time”-“UE measurement start-time”
· Option 2: (Xiaomi)
· If UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area, the requirements of measurement and evaluation of serving cell is not applied.
· If UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area, the requirements of evaluation of neighbour cell(s) is not applied.
· Option 3: (LGE, CATT, Nokia)
· If cell stop time is broadcast from serving cell, a UE should start measurement on neighbor cells before defined IDLE measurement time (Tdetect, Tmeasure, and Tevaluate) from cell stop time.
· Option 4: (CATT, Huawei)
· RAN4 should discuss how specifying requirements for UE start measurement based on broadcast of quasi earth fixed cell stop time, and to perform relative HO.
· RAN4 to discuss how to define the idle mode measurement requirements considering RAN2 agreement that exact time to start measurements can be up to UE implementation in certain cases.
· Option 5: (Qualcomm, Apple, Huawei, Xiaomi, THALES, CATT, CMCC, MTK)
· FFS on whether and how to define requirements

Issue 1-6: Neighbour/Target Cell/Satellite Information Acquisition
Issue 1-6-X: Neighbour/Target Cell/Satellite information for NTN measurement/mobility
· Issue 1-6-1: If valid neighbour/target cell’s timing information in terms of validity or accuracy is not provided to UE
· Issue 1-6-2: Which parameters are necessary for Measurement and/or Mobility
· Issue 1-6-3: Assumption on the satellite position prediction error

Agreements:
RAN4 to send an LS to RAN2 with cc’ing RAN1 “R4-2120309, LS on NR NTN Neighbor Cell and Satellite Information” as a part outcome of Issue 6-1.

Issue 1-7: RRM Spec Documentation
Issue 1-7-1: 
Conclusion:
No further discussion on RRM spec documentation format. RAN4 understanding is the decision will be made in RAN#94 e-meeting.

Session chair’s suggestion in 1st round GTW:
Session chair: No decisions will be made in RAN4 on whether separate specification will be used for NTN RRM. The decision is planned to be made in RAN #94e (December 2021). To facilitate progress and better understanding companies can share views on NTN RRM specification structure under assumption of separate or same specifications.

Topic #2: Mobility requirements
Issue 2-1: Cell selection and reselection
Issue 2-1-1: S/R criteria on Cell reselection
Agreements:
The existing cell reselection delay requirement based on the existing S/R criteria can be reused. FFS on whether/how much relaxation on cell reselection margin is needed.
 
Issue 2-1-2: Quasi-earth fixed cell based mobility
Conclusion:
For Non-GEO, RAN4 to define Quasi-earth fixed cell based mobility requirements first. Discussion about Earth moving cell is not precluded, and will be carried out based on contributions as usual.

Issue 2-2 CHO
Issue 2-2-1: Timeline for NTN CHO
Conclusion:
More RAN2 progress is needed.
· Option 1: (Xiaomi)
· The timeline for NTN CHO should be defined the time between the end of the last TTI containing the RRC command and the end of the reception of the new PRACH.
· Option 2: (LGE)
· Reuse existing CHO requirement for NTN CHO, and ‘the additional delay for TTT for location event can be expected’ could be added for [location and RRM] based CHO.
· Option 3: (Intel)
· For timer-based CHO, the delay uncertainty between HO command and PRACH occasion consists of the timer value and the time offset between serving and neighbour cell SSBs.
· Option 4: (Ericsson)
· For Time/timer-based:
· Time/timer-based+ RSRP CHO shall specify the time [t2] -[t1] or timer. An example of the total delay requirements for the timer-based CHO is shown as below which can reflect that UE shall perform CHO operation before [t2]: 
· DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
· Where, TEvent_DU + Tmeasure <[t2] -[t1] or [Ttimer]
· The objective of the example is to highlight how evaluation of CHO configurations is treated separately by the UE. Terminology of [t2] -[t1] and [Ttimer] can be updated based on RAN2 further progress.
· For location-based:
· Define [tposition_in] is the time when UE location becomes further than threshold and UE can perform CHO to the candidate target cell, [tposition_out ] is the time when UE location becomes smaller/lower than threshold after [tposition_in] passes by.
· DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
· Where, Tinterrupt + TCHO_execution < [tposition_out ] - [tposition_in]
· Here, introduction of [tposition_in] and [tposition_out ] is to secure HO procedure doesn’t miss the target cell in case that target cell position is further than threshold within limited time.
· Option 5:
· Others are not precluded

Issue 2-2-2: Measurement Prioritization during CHO
Agreements:
· Option 1: (Huawei, Qualcomm)
· When UE is configured with C (location and RRM) or D (time and RRM) for CHO, consider prioritization measurement on the SMTC window which the target cell belongs to, if the condition for location or time is met.
· Option 2: (Huawei, Ericsson, LGE, THALES, CMCC)
· NW implementation

Topic #3: Measurement procedure requirements
Issue 3-1: Multiple SMTCs and Measurement Gap
[bookmark: _Hlk87216410]Issue 3-1-1: The maximum number of SMTCs per Frequency layer
Agreement (1st round GTW):
· The maximum number of SMTCs configured per measurement object for the same ssbFrequency is 4. 
· FFS on the assumptions on the number of configured parallel SMTCs to be used for requirements definition
· FFS if different UE capabilities to support measurements for multiple configured SMTCs are needed

Agreements:
RAN4 to send a reply LS to RAN2 “R4-2120308, Reply LS on Multiple SMTCs for NR NTN” as a part of outcome of Issue 3-1.

Issue 3-1-2: Capability on the number of Measurement Cell Groups
Conclusion:
Revisit the issue in the next RAN4 meeting based on RAN2#116 agreements and/or a partial/full response to R4-2120308 “Reply LS on Multiple SMTCs for NR NTN” if made available by/during the next RAN4 meeting.

Issue 3-1-3: Capability on the number of Measurement Carriers/Cells/SSBs
Agreements:
Revisit the issue in the next RAN4 meeting.
· Option 1: (Huawei)
· For Connected mode, define a common set of measurement capability requirements for all scenarios:
· define the number of carriers UE needs to monitor as 3
· define the number of SSB beams UE needs to monitor per carrier as 8
· For Idle mode, number of carriers UE needs to monitor should be increased to account for TN frequency layers.
· Option 2: (CATT)
· Reuse total carriers number of inter-frequency measurement, including NTN carriers and TN carriers.
· The total number of measurement cells per frequency layer and the total number of measurement beams per cell can be reduced.
· The measurement capability of number cells for each layer measured defined in NR RRM specification should be based on assumption for satellite cell architecture. If beams from same satellites on same frequency layer have the same cell ID, the measurement capability of number cells for each layer can be 4; otherwise reuse TN requirements.
· Option 3: (Intel)
· Reuse the measurement capability requirements in terms of the maximum number of monitored cells, specified in R15, for NTN NR Ues.
· Option 4: (MediaTek)
· UE shall be capable of monitoring at least K NTN carriers, where K is TBD.
· For the NTN UE, the measurement capability in CONNECTED mode regarding TN carrier can be removed.
· Option 5: (Ericsson, Nokia)
· To complete uncovered items listed in below, not limited in the list, multi-satellite simulation is needed.
· the total number of measurement cells per frequency layer
· the total number of measurement beams (SSB and/or CSI-RS) per cell
· DRX issue

Moderator’s Note: (Will be removed in the final version of WF)
Further discuss the details of Proposals and Strive to come up with a set of issues that should be addressed in the next RAN4 meeting, i.e. Expectation is to reach a consensus about Options and Issues.
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Issue 3-1-4: Measurement with multiple SMTCs
Agreements:
The following issues will be discussed in the next RAN4 meeting
· Issue 1:
· Determine in which way RAN4 should specify the requirements:
· Option 1: the UE is required to measure on the target neighbour cell with configured timing offsets and receive/transmit on the serving cell at the same time
· Option 2: specify scheduling restrictions to avoid such complexity
· Option 3: measurement gaps are used on the target neighbour cells
· Issue 2:
· FFS on scaling of the measurement period is needed if UE is configured to measure multiple SMTC windows per MO.
· Issue 3:
· Scaling scheme on multi-SMTC for intra-frequency is needed when simultaneous measurement is invalid in case of partial overlapping. But simultaneous measurement in case of partial overlapping shall not be precluded, instead of optional support.
· Issue 4:
· Whether and how to define the applicability rule for requirements regarding the number for MOs
· Issue 5:
· Measurement with Gap-less vs. Gap-based
· Issue 6:
· for intra-frequency MO without MG and inter-frequency MO without MG
· if UE has no scheduling restriction within SMTC, the maximum number of SMTCs per measurement object for the same ssbFrequency  used by UE can be equal to 4
· otherwise if UE has scheduling restriction within SMTC, the maximum number of SMTCs per measurement object for the same ssbFrequency used by UE shall meet both of following conditions:
· smaller than or equal to 4, and
· guarantee the total scheduling restriction length less than or equal to X% of the maximum SMTC periodicity length. 
· X is FFS
· for intra-frequency MO with MG and inter-frequency MO with MG, the maximum number of SMTCs per measurement object for the same ssbFrequency used by UE shall meet both of following conditions:
· smaller than or equal to 4, and
· guarantee these SMTCs can be contained in active measurement gaps. The concurrent MG number is up to the conclusions in MG enhancement WI.

Issue 3-1-5: Legacy smtc1 and smtc2 configuration
Agreements:
RAN4 to not consider legacy smtc2 configuration when multiple SMTCs with different offsets configured for NTN MO.

Issue 3-1-6: Measurement Gap
Conclusion:
Needs further RAN2 progress.
· Option 1: (Xiaomi)
· the concurrent MG discussed in Rel-17 MG enhancement WI can be applied for the case of multiple SMTC configurations in one frequency layer in NR NTN.
· Option 2: (Huawei, Apple, CMCC)
· RAN4 to wait for further conclusions from RAN2 on MGs for defining requirements for MG based measurement.
· Option 3: (Intel)
· Specify if needed, NR NTN UE measurement gap capability requirements based on the outcome of R17 measurement gap enhancement work item
· Option 4: (Ericsson)
· RAN4 shall check whether restriction is needed when different MG configurations occur.
· In consideration of different MG configurations e.g. partial overlapping, scaling scheme among MGs is needed.
· Regarding L1-RSRP impact due to multi-MG, P scaling factor shall be further updated by the overlapping with the sets or unions of multi-MG.
· Option 5:
· Others are not precluded

Issue 3-1-7: Others (Related to RAN2 discussion)
Agreements:
The following aspects can be further discussed.
· Question 1: Shall propagation delay estimation error, ephemeris error and UE position error be considered in SMTC/MG configuration? If yes, what is the level or order by estimation?
· Question 2: Mitigate the impact on SMTC/MG introduced by propagation delay estimation error, ephemeris error and UE position error, if applicable.
· Option 1 Consider SMTC/MG window/length margin as [x]ms
· Option 2 other methods are not precluded

Issue 3-2: Measurement relaxation
Issue 3-2-1: Cell Service Time based Measurement Relaxation
Conclusion:
RAN4 can discuss the following aspect further:
· Measurement can be relaxed based on cell service time information if exist and applicable. The detail scheme can be studied whereafter, e.g. no mandatory measurements before T2 or relaxed measurement required before T2. T2 is the starting time of [a new cell] measurement.

Issue 3-2-2: Location based Measurement Relaxation
Conclusion:
RAN4 can discuss the following aspect further:
· Measurement period relaxation based on distance between UE and the [reference location].

Issue 3-2-3: TN Cell Measurement Relaxation in RRC Idle mode
Conclusion:
RAN4 can discuss the following aspect further:
· For idle mode, the UE upon detecting any NTN cell, shall meet legacy (non-relaxed) measurement requirements (low mobility relaxation can refer to section 4.2.2.9 in TS38.133) for TN cells even if it is configured with and meets the relaxed measurement criterion for TN cells.
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