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1. Introduction
In RAN#100-e meeting, RAN4 has some initial discussion on RRM requirement for NTN system, and the WF on NR NTN RRM requirements was approved in [1]. 
In this contribution, we discuss the measurement related requirements for NTN system and provide our proposals.
2. Discussion
2.1	Cell selection and reselection 
The following are the agreements on cell selection/reselection for NR NTN made in RAN2 meetings:
	Agreements in RAN2#111e [2]:
1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).
4. The network type (i.e. TN or NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
5. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
6. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.



	Agreements in RAN2#112e [3]:
1. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.



	Agreements in RAN2#113e [4]:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.
2. Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  
3. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception
4. The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.



	Agreements in RAN2#114e [5]:
1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.
2. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.
3. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.



	Agreements in RAN2#115e [7]:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information
3. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
4. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
5. For quasi-earth fixed cell, specify that UE should 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.
6. RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode
Working Assumption:
1.	Location assisted cell reselection, with the distance between UE and the reference location of the cell (serving cell and/or neighbor cell) taken into account, is supported for quasi-earth fixed cell, if UE has valid location information, which means location acquisition will not be triggered at UE side only for location assisted cell reselection. FFS on the details.



According to the above agreements, the cell selection/reselection rules (S criteria and R criteria) in legacy NR is used as the baseline for NTN. And RAN2 has also agreed the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbour cells, and the timing information is broadcast to UE via system information. In our understanding, the timing information can be considered as the criteria to trigger the neighbour cell measurements. Thus, in summary, the following case should be considered to trigger the neighbour cell measurements: 
· Case 1: UE performs measurement on neighbour cells only based on the signal quality of the serving cell;
· Case 2: UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area;
· Case 3: UE checks both neighbour cell measurement conditions which include signal quality and timing, and if one of the conditions is met, the UE shall perform measurement on neighbour cells.
Case 1 is the legacy cell selection/reselection mechanism, and the measurement procedures are the same. Thus, the existing requirements defined in section 4.2 inTS38.133 can be reused for NTN cell reselection. However, as the unobvious near-far effect for RSRP/RSRQ measurement in NTN scenarios, the reselection margin need to be revisited to avoid the ping-ping effect.
Proposal 1: The existing cell reselection delay requirement based on the existing S/R criteria can be reused for cell reselection in NTN scenarios.
Proposal 2: RAN4 need to define the reasonable cell reselection margin for S/R criteria based cell reselection in NTN scenarios. 
For case 2, if UE performs measurement on neighbour cells only based on the timing information on when a cell is going to stop serving the area other than the reference signal quality, e.g. RSRP, UE may not need to perform the measurement and evaluation on serving cell to trigger the neighbour cell measurements. In addition, the evaluation of neighbour cells may not be needed.
Proposal 3: 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. 
Proposal 4: 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.
2.3	Conditional Handover
RAN2 has agreed that the conditional handover can be used in NTN scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO. In addition, RAN2 has also agreed to introduce the time/timer based CHO triggering event and location based CHO triggering event for NTN CHO. The related agreements for NTN CHO are captured as follows:
	Agreements in RAN2#111e:
1. Reconfiguration with sync is the baseline for connected mode mobility in NTN (the use of legacy RLF and re-establishment mechanism are not excluded)
2. The CHO can be used in NTN for both moving cell and fixed cell scenarios, and the CHO procedure and execution condition defined in Rel-16 is the baseline for NTN CHO.
3. NTN specific CHO execution condition can be further discussed.
4. The existing measurement framework (e.g. measurement configuration, execution and reporting) is the baseline, and all the existing measurement criteria and event can be used in NTN. Support for new measurement is not excluded.
5. Legacy SSB periods (as in TN) shall be supported in NTN



	Agreements in RAN2#112e:
1. Time or timer based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario.  FFS on how to configure the time or timer based CHO triggering event. Also FFS how to consider the feeder/service link switch timing.
2. DAPS HO for NTN is de-prioritized in this release.
3. Location based CHO triggering event, in combination with the existing R16 CHO measurement based event, should be introduced for both moving cell and fixed cell scenario. FFS on how to configure the location based CHO triggering event. FFS if location based CHO triggering event only (not in combination with other events) can also be considered.
4. The Location-based measurement event, in combination with the existing measurement event in NR, should be supported in NTN for both moving cell and fixed cell scenarios. FFS on how to configure the location based measurement event.



	Agreements in RAN2#113e:
1. Support A4 event for NTN CHO. FFS whether other triggers need to be combined with this.



	Agreements in RAN2#113bis-e [6]:
1. Timing information in CHO execution triggering for NTN describes the time after which the UE is allowed to execute CHO to the candidate target cell.
2. Working assumption: the timing information for CHO execution triggering in NTN is defined in the form of a timer/timers. This can be revised and a solution based on UTC/system frame number can be considered if problems are found (e.g. if the timer lacks accuracy due to RTT in NTN).
3. The location in location-based CHO execution triggering for NTN describes the distance between the UE and the reference location of the cell (serving cell or the target cell). FFS what the reference location of the cell is (e.g cell center or other) and how this is provided to the UE



	Agreements in RAN2#114-e:
1. Support CHO location trigger as the distance between UE and a reference location which may be configured as the serving cell reference location or the candidate target cell reference location. FFS if combination can be allowed.
2. The reference location for the event description is defined as cell center.
3. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
4. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS
5. CHO time trigger event is defined as time duration [t1, t2] associated for each CHO candidate cell. The UE shall execute CHO to that candidate cell during the time duration, if all other configured CHO execution conditions will apply and there is only one triggered candidate cell.
6. Same CHO trigger conditions and RRM events can be used within NTN and NTN-TN mobility provided these are supported by the UE. NTN-TN means both “from NTN to TN (hand-in)” and “from NTN to TN (hand-in) and from TN to NTN (hand-out)". FFS for enhancements.



	Agreements in RAN2#115-e:
1. The following event is supported: 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. FFS other options
2. Specify hysteresis and time to trigger for the location event for RRM and CHO
3. Timing information from RRCReconfiguration message in RRC running CR is removed
4. UE is allowed to perform HO only during T1 to T2
5. Agree to limit to A or B and continue discussion between options A and B
6. 	Option A: UTC time + duration/timer, e.g. 00:00:01 + 40s
7. 	Option B: Two UTC time to indicate the start (T1) and end time (T2) of the candidate cell, e.g. 00:00:01 + 00:00:41
8. RAN2 adopts Option 1: UTC time + duration/timer, e.g. 00:00:01 + 40s for representing T1 and T2 for CHO time event.
9. RAN2 adopts options C: location and RRM and D: time and RRM to be configuration options for CHO
10. RAN2 down priorities further enhacnements for connected mode for Rel-17 for TN-NTN mobility	
Working Assumptions:
1.	Combination of serving and target cell reference location is supported for location report trigger event and for CHO location trigger
2.	Specify that measurement reports can be configured to be piggybacked with location report when location based event triggers it.


In NR R16, Conditional Handover (CHO) is defined as a handover that is executed by the UE when one or more handover execution conditions are met. The UE starts evaluating the execution condition(s) upon receiving the CHO configuration, and stops evaluating the execution condition(s) once a handover is executed (legacy handover or conditional handover execution). According to 38.133, the CHO handover delay is defined the time between the end of the last TTI containing the RRC command and the start the transmission of the new uplink PRACH. Regarding the CHO for NTN scenario, the ending point of CHO may need to be updated, as the propagation delay should be considered in CHO procedure. Thus, it is more appropriate to define the reception of the new PRACH as the ending point of the NTN CHO procedure. 
Proposal 5：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.
The time/timer and location based triggering event has been introduced for NTN CHO, and the joint configuration of location and RSRP as well as time and RSRP triggers are supported for NTN CHO. According to our understanding, the existing conditional handover defined in section 6.1.4 can be as baseline for NR NTN CHO. 
Proposal 6: The existing conditional handover delay requirement defined in section 6.1.4 TS38.133 can be as baseline for NR NTN CHO.
3. Conclusion
In this contribution, we discussed the measurement related requirements for NTN system and our observation and proposals are provided as follows:
Proposal 1: The existing cell reselection delay requirement based on the existing S/R criteria can be reused for cell reselection in NTN scenarios.
Proposal 2: RAN4 need to define the reasonable cell reselection margin for S/R criteria based cell reselection in NTN scenarios. 
Proposal 3: 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. 
Proposal 4: 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.
Proposal 5：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.
Proposal 6: The existing conditional handover delay requirement defined in section 6.1.4 TS38.133 can be as baseline for NR NTN CHO.
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