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Introduction
In RAN4# 101-e a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop topics on measurement requirements which were agreed to continue study in RRM measurement part in the WF.
Discussion
TN-NTN
The following was agreed for TN-NTN requirement in RRC_CONNECTED state.
	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.




First and foremost, we can make greater progress in terms of intra-NTN mobility. In the case of TN-NTN, there were some worries that Xn based HO would not always occur in TN-NTN, resulting in severe delay. It would be a problem, however from the standpoint of RRM, the HO delay will not be affected until the strengthened mechanism in RAN2 is created. 

Proposal 1: RAN4 shall bringing up detailed potential concerns in TN-NTN requirements, if exist, which cannot be fulfilled by present discussion on intra-NTN or intra-TN mobility.


Issue 1-3: Side condition and Simulations


	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.




Observation 1: In terms of simulation results, the number 4 should be sufficient from a calibration case standpoint, as only up to 4 beams/cells can be monitored by UE (side condition: -6dB). We don't mind the number as long as it has nothing to do with UE's capabilities.



	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.




We can continue dynamic and multi-satellite simulation, but the major issue is the complicated assumption which is difficult to reflect realistic and feasible satellite deployments. 

Issue 1-4: DRX Cycle

	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



Proposal 2: Prefer Option 1. Even 2.56s DRX cycle is a bit too long to obtain stable measurements for appropriate reselection chance in certain cases, we’re leaning toward not precluding any DRX in present phase. But we are open to limitation on DRX bound like what we have done to HST scenario if condition permits. 

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



Firstly, recap Time-based reselection firstly with example in Figure 1 to illustrate that new neighbor cell starts covering the same area before the previous/serving cell switched off. In this scenario, the new cell starts to cover the same area as serving cell at t2 and serving cell is switched off at t3. UE is expected to complete measurements prior to t3 when the serving cell is switched off before reselection operation.


[bookmark: _Ref89944991]Figure 1 cell serving time
In contrary to time assisted CHO, time assisted cell reselection doesn’t set strong relationship between time to start reselection and time to start measurement, and it’s not precluded that UE doesn’t perform neighbour cell measurements at t2, e.g. UE may measure neighbor a bit later than t2.
In RAN2#115-e meeting, following agreements for IDLE/INACTIVE state were made.
	For quasi-earth fixed cell, specify that UE shall start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.



Even RAN2 hasn’t intended to define the exact time ’when to complete measurements’, RAN4 needs to complement this missing part. Referring to current reselection delay requirements from TS38.133, the measurement delay is defined, following this ways, it’s rational to add a criteria that measurement on Tdetect,NR_Intra shall be completed prior to expire time of serving cell.
	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.



Proposal 3: Update time assisted reselection part requirements as ‘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 serving cell is going to stop serving the area, if applicable ’.
	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.




Proposal 4: Regarding Neighbour/Target Cell/Satellite Information Acquisition, we shall continue the discussion upon RAN2’s feedback.

Signalling characteristics
Right now, Beam management including radio link monitoring, link recovery procedures has not been discussed extensively.
Proposal 5: RAN4 shall study, determine at least, issue in beam management including radio link monitoring, link recovery procedure for NTN.

Spec structure
As it has been agreed that NTN related content shall be in TS38.133 still, we need to study which clauses will be impacted and new clauses needs to be added based on 38.133 V17.40.
Proposal 6: Define high level document structure for NTN, for example: 
· Section 4.2B Idle mode (NTN-NTN, TN-NTN, NTN-TN) 
· Section 5.1B Inactive mode (NTN-NTN, TN-NTN, NTN-TN) 
· Section 8.1B RLM (NTN)
· …..

Summary
Observation 1: In terms of simulation results, the number 4 should be sufficient from a calibration case standpoint, as only up to 4 beams/cells can be monitored by UE (side condition: -6dB). We don't mind the number as long as it has nothing to do with UE's capabilities.

Proposal 1: RAN4 shall bringing up detailed potential concerns in TN-NTN requirements, if exist, which cannot be fulfilled by present discussion on intra-NTN or intra-TN mobility.

Proposal 2: Prefer Option 1. Even 2.56s DRX cycle is a bit too long to obtain stable measurements for appropriate reselection chance in certain cases, we’re leaning toward not precluding any DRX in present phase. But we are open to limitation on DRX bound like what we have done to HST scenario if condition permits. 
Proposal 3: Update time assisted reselection part requirements as ‘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 serving cell is going to stop serving the area, if applicable ’.
Proposal 4: Regarding Neighbour/Target Cell/Satellite Information Acquisition, we shall continue the discussion upon RAN2’s feedback.
Proposal 5: RAN4 shall study, determine at least, issue in beam management including radio link monitoring, link recovery procedure for NTN.
Proposal 6: Define high level document structure for NTN, for example: 
· Section 4.2B Idle mode (NTN-NTN, TN-NTN, NTN-TN) 
· Section 5.1B Inactive mode (NTN-NTN, TN-NTN, NTN-TN) 
· Section 8.1B RLM (NTN)
· …..
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