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Introduction
Mobility related requirements for NTN were discussed in RAN4#101-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Cell reselection related requirements 
· CHO related requirements 
In this paper we will provide our views on the mobility related issues for NTN RRM.
Discussion
Cell reselection related requirements 
Delay requirement 
For measurement requirements in Idle mode, RAN4 has discussed under Topic #3 in [1] the impact of multiple SMTC, e.g. possible scaling of the measurement period. In our companion paper on measurement requirements, we also suggest RAN4 to consider the impact of Doppler shifts which causes difficult for UE to simultaneously measure multiple cells even they can be measured with same SMTC.
The issue of multiple SMTCs and different Doppler shifts apply to both Idle and Connected mode, so we suggest that measurement delay requirements for Idle mode should be defined in the same way as Connected mode, e.g. taking into account multiple SMTC etc. In addition, some inputs from RAN2 may be needed e.g. on whether and how UE determines which SMTC or cell to measure when the broadcasted configuration exceeds UE capability.
Proposal 1: Measurement delay requirements for Idle mode should be defined in the same way as Connected mode, e.g. taking into account multiple SMTC, different Doppler shift, etc.
Reselection margin 
	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.


As to the reselection margin, we understand it is related to the measurement accuracy in Idle mode. For NTN, the timing and frequency of the target satellite needs to be estimated by the UE based on assistance information such as ephemeris of the target satellite, and the accuracy may be impacted by the timing and frequency error e.g. due to the propagation error or the imperfection of the assistance information provision. 
We suggest RAN4 to discuss the details of the measurement accuracy in the Perf part, and it depends on the achievable timing and frequency error which is a side condition. The outcome of the accuracy discussion will be applicable for both Idle and Connected mode, and the reselection margin can be defined accordingly.
Proposal 2: RAN4 to determine the cell reselection margin in the Perf part by considering the accuracy requirements for Connected mode measurements. 
Cell stop 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 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.


RAN4 has discussed the issue of whether and how to define Idle mode measurement requirements when cell stop time is applicable. The discussion is due to the following RAN2 agreement:
Agreements via email - from offline 108 third round:
1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
2. 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.
3. 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.
Strictly following the RAN2 agreement, a UE is allowed to start the neighbour cell measurement exactly before the serving cell stop time. As the neighbour cell measurement will take some time, e.g. assuming a neighbour cell has been detected and 320ms DRX is used, it will take 5.12s for UE to evaluate the target cell before reselection. In other words, during this 5.12s UE has no camped cell.
On the other hand, if we follow option 1 or 3 for Issue 1-5-1, UE should start neighbour cell measurement Tdetect before the serving cell stop time. This time can be rather long e.g. if we further consider the impacts of multiple SMTC and different Doppler shifts, so the benefit of allowing UE to skip measurement before serving cell stop time can be compromised.
To move forward, we suggest that UE is assumed to start the measurement at least T before the serving cell stop time, and T is FFS depending on the measurement delay requirements.
Proposal 3: When cell stop time is applicable, UE is assumed to start the measurement at least T before the cell stop time, and T is FFS depending on the measurement delay requirements.
Earth moving cell scenario 
	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.


In our understanding, RAN2 has not introduced any enhancement specific to reselection in LEO earth moving cell scenario, so by default the legacy measurement based reselection should be supported. For RAN4 requirements, we understand that the measurement delay and reselection margin requirements should be defined agnostic to earth fixed or earth moving cell. 
Proposal 4: Same measurement requirements in Idle mode are applicable for earth fixed cell and earth moving cell scenarios.
CHO related requirements 
Timeline 
	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


The TN requirements for CHO are defined as follows.
	Procedure delays for all procedures that can command a conditional handover are specified in TS 38.331 [2].
When the UE receives a RRC message implying conditional handover the UE shall be ready to start the transmission of the new uplink PRACH channel within Dhandover seconds from the end of the last TTI containing the RRC command.
	DCHO = TRRC + TEvent_DU + Tmeasure + Tinterrupt + TCHO_execution
Where:
	TRRC is the RRC procedure delay defined in clause 12 in TS 38.331 [2].
	TEvent_DU is the delay uncertainty which is the time from when the UE successfully decodes a conditional handover command until a condition exists at the measurement reference point which will trigger the conditional handover. 
	Tmeasure is the measurements time stated in clause 6.1.4.2.2.
	TCHO_execution is the conditional execution preparation time in clause 6.1.4.2.3. 
	Tinterrupt is the interruption time stated in clause 6.1.4.2.4.


In our view, the requirements can be re-used for NTN, except that for timer or location based CHO, time TEvent_DU should further accounts for the condition of the timer or the location. 
Taking timer based CHO as example, after receiving the CHO configuration, UE will perform HO to the target cell when following two conditions are both met:
· C1: It is after t1 (t1 is configured by NW in UTC time)
· C2: RSRP of the target cell is above the configured threshold
In TN requirements, TEvent_DU accounts for the delay uncertainty from when the UE successfully decodes CHO command until when condition C2 is met. For NTN, TEvent_DU should account for the delay uncertainty from when the UE successfully decodes CHO command until when condition C1 and C2 are met, whichever is later. 
Proposal 5: Existing CHO delay requirements for TN can be re-used for NTN, except that the definition of TEvent_DU should include the time when both measurement and time (or location) conditions are met.
Measurement Prioritization during CHO
	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


It shall be noted that only location based or only time based CHO is not supported. In other words, in Rel-17 NTN joint configuration of location and RSRP triggered CHO or joint time and RSRP triggered CHO is supported.
Agreements online: [RAN2#114e]
1. For CHO, joint configuration of location and RSRP as well as time and RSRP triggers are supported.
2. For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS
Agreements via email - from offline 103 second round: [RAN2#115e]
2.	RAN2 adopts options C: location and RRM and D: time and RRM to be configuration options for CHO
3.	RAN2 down priorities further enhacnements for connected mode for Rel-17 for TN-NTN mobility	
4.	RAN2 continue discussing the exact solution for TN priorization over NTN for idle mode	
When UE is configured with C (location and RRM) or D (time and RRM) for CHO, it could happen that the condition for location or time and the condition for RRM are not met at the same time. For NTN RRM measurement, the measurement period could be longer than in TN due to e.g. multiple SMTC per MO. This may cause delay to the CHO because the condition for location or time is met but UE is still evaluating the target cell. 
When the condition for location or time for CHO is met, UE is very likely to be in the coverage area of the target cell, and we suggest in this case UE only measures the SMTC window which the target cell belongs to. In this way, UE could focus the measurement on the most important cell, and the power consumption due to measurement over multiple time windows can be reduced. More importantly, UE could complete the target cell measurement faster, which means it is more likely to trigger CHO in time. 
In RAN4#101-e, some companies commented that prioritizing measurement of CHO target cell can be up to NW implementation. In our view, this means when time or location condition for CHO is met, UE reports this (like triggered event) to the NW, and then NW reconfigures the measurement such that UE is only configured to measure the CHO target cell. This is of course feasible, but it basically falls back to normal HO with UE reporting and NW reconfiguration, and the benefit of CHO (reduced latency and reduced signalling overhead) is compromised.
Proposal 6: 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, if the condition for location or time is met.
[bookmark: _GoBack]Conclusions
In this paper we provided our views on mobility related issues for NTN RRM.
Proposal 1: Measurement delay requirements for Idle mode should be defined in the same way as Connected mode, e.g. taking into account multiple SMTC, different Doppler shift, etc.
Proposal 2: RAN4 to determine the cell reselection margin in the Perf part by considering the accuracy requirements for Connected mode measurements. 
Proposal 3: When cell stop time is applicable, UE is assumed to start the measurement at least T before the cell stop time, and T is FFS depending on the measurement delay requirements.
Proposal 4: Same measurement requirements in Idle mode are applicable for earth fixed cell and earth moving cell scenarios.
Proposal 5: Existing CHO delay requirements for TN can be re-used for NTN, except that the definition of TEvent_DU should include the time when both measurement and time (or location) conditions are met.
Proposal 6: 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, if the condition for location or time is met.
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