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Introduction
 At RAN 98-e meeting the revised WI “NR NTN (Non-Terrestrial Networks) enhancements” [1] was approved.  In the last meeting, we discussed the location-based cell re-selection in earth moving cell NTN deployments and in #108 meeting we will specify the requirements for NTN-NTN cell re-selection enhancements and the NTN-TN cell re-selection enhancements, what we discussed before were captured in [2]. 
Discussion
In the latest WID as below, for NTN-NTN and NTN-TN these two scenarios, RAN4 mainly focuses on the cell re-selection enhancement. 
	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]



First of all, we would like to confirm the scope:
· In this WI only single carrier is supported;
· The cell re-selection enhancements for RRC_IDLE/INACTIVE for NTN-TN and NTN-NTN scenario are supported;
·  The RRC_CONNECTED state related issues are not included in this WI;
· The mobility issues mainly towards the earth moving cell such as NGSO (LEO, MEO).
In this meeting, RAN4 shall continue to discuss the measurement conditions and requirements on the basis of the above prerequisite.

NTN-NTN Cell reselection enhancement for earth moving cell
This is mainly a progress based on [2]. For NTN-NTN cell-reselection:
	Issue 4-1-A: Time-based cell reselection in earth moving cell NTN deployments
· No agreement.

Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Agreement:
· RAN4 to define UE requirements on location-based cell reselection in earth moving cell NTN deployments if the existing requirements are not applicable for earth moving system. The new requirement can be based on the existing requirement, and the updates may include “the margin for distance threshold” and “the definition of the reference Location.”
· Do not further restrict DRX cycle beyond Rel-17 NR NTN.
· FFS: Whether the coverage information of serving cell is (absolutely) necessary


We know that for studying the NTN-NTN cell re-selection enhancement the time-based and location-based cell re-selection methods are still under discussion for Rel-18 NR NTN which is used in Rel-17. However, the process of studying whether or how to reuse the legacy methods or requirements highly relies on the progress and the outcomes from RAN2, and the several agreements of RAN2 as the citation in below:
	RAN2#119e
1.RAN2 to work on assistance information that can be provided to NTN UEs for the above.
2.Cell reselection enhancements (for both NTN-NTN and NTN-TN mobility) are considered for both Earth-moving and (quasi-)Earth-fixed scenarios, at least via the use of system information for broadcasting necessary parameters (dedicated signalling is not precluded). FFS whether the same or different solutions are used for Earth-moving and (quasi-)Earth-fixed scenarios 
RAN2#119bis-e
1.For NTN-NTN cell reselection with earth moving cell, RAN2 will consider providing parameters of serving cell to UE, for UE to estimate when the serving cell stops providing coverage at the present UE location (FFS whether this will be an optional UE feature) (this does not exclude any time-based or location-based approach) (other solutions can also be considered)
2.System information is the basic means for providing necessary parameters to assist UE to estimate when the serving cell stops providing coverage at the present UE location.
3.In Earth-moving cell, the reference location and distance threshold of serving cell are provided by network for UE to estimate when the serving cell stops providing coverage at the present UE location. FFS how the reference location and/or distance threshold are provided to the UE
RAN2#121
1.In R18, for earth-moving system, satellite with steerable beam is not considered as part of mobility enhancement in NTN.
2.A serving cell reference location and a distance threshold/radius will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris).
3.For cell selection/reselection, location-based measurement initiation is supported in earth-moving cell
4.For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell reselection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold.
RAN2#121bis-e
1.RAN2 understands that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 understanding is that both PVT and orbital parameters can be used for this. FFS if additional information is needed to allow more accurate measurements.
2.For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
3.For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
4.For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
5.Time-based cell reselection criteria is not pursued in R18.
RAN2#122
1.Re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location.
2.Re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. FFS whether we reuse exactly the same IE name as in R17 (updating the field description) or a new one.
3.Location-based cell reselection criteria are not pursued in R18.


Based on the above RAN2’s agreements in previous meetings, we shall analyse the pending issues respectively:
Issue 4-1:For time-based cell re-selection 
RAN2 just has the agreements that for cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case and time-based cell reselection criteria is not pursued in R18 in #121_bis_e meeting, that is, no new time-based cell re-selection criteria will be introduced for R18 and the RRM requirements for time-based cell re-selection for quasi-earth fixed cell in R17 can be considered as the starting point for NTN-NTN cell re-selection requirements with earth moving cell.
On the heels of #121bis_e meeting RAN2 clarified that re-use t-Service-r17 format for the IE used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. Based on the above analysis that no new criteria for time-based in R18 and reuse the legacy method for time-based cell re-selection, from my point of view, several companies considered if there is the enhancements on measurement requirements for time-based cell re-selection in earth-moving cell NTN deployments. I deem that RAN4 does have the enhancements based on the current specification as below:
	TS 38.133:
If the UE has evaluated according to Table 4.2C.2.2-1 in Nserv consecutive DRX cycles that the serving cell does not fulfil the cell selection criterion S, the UE shall initiate the measurements of all neighbour cells indicated by the serving cell, regardless of the measurement rules currently limiting UE measurement activities. Additionally, if the UE is configured with ‘t-service’ [2], the UE should start measurements of the neighbour cells indicated by the serving cell before ‘t-service’ is reached according to the requirements provided in clause 4.2C.2.3 and 4.2C.2.4.

TS 38.304:
If the t-Service of the serving cell is present in SIB19, and if UE supports time-based measurement initiation, the UE shall perform intra-frequency, inter-frequency or inter-RAT measurements before the t-Service, regardless of the distance between UE and the serving cell reference location or whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, The exact time to start measurement before t-Service is up to UE implementation. UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8] regardless of the remaining service time of the serving cell (i.e. time remaining until t-Service).
NOTE:	When evaluating the distance between UE and the serving cell reference location, it's up to UE implementation to obtain UE location information.


In TS 38.133, it just says that the UE should start measurements of the neighbour cells indicated by the serving cell before ‘t-service’ is reached according to the requirements provided in clause 4.2C.2.3 and 4.2C.2.4 and combine with TS 38.304 the exact time to start measurement before t-Service is up to UE implementation. The legacy requirements were defined on the quasi-fixed cell re-selection, but in R18 RAN4 mainly focuses on the earth-moving cell re-selection, the satellite moves more fast and the time of camping on the serving cell for UE is quite short compared to the quasi-fixed cell, so the legacy requirements for t-Service shall be enhanced especially the conditions or the end of measurement time shall be modified by RAN4. For example, we shall notice the note 2 that there is the limitation for earth-moving LEO deployment.
	Table 4.2C.2.3-1: Tdetect,NR_Intra, Tmeasure,NR_Intra and Tevaluate,NR_Intra
	DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Intra [s] (number of DRX cycles)
	Tmeasure,NR_Intra [s] (number of DRX cycles)
	Tevaluate,NR_Intra
[s] (number of DRX cycles)

	
	FR1
	
	
	

	0.32
	1
	11.52 x N1 x M2 (36 x N1 x M2)
	1.28 x N1 x M2 (4 x N1 x M2)
	5.12 x N1 x M2 (16 x N1 x M2)

	0.64
	
	17.92 x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	M2 = 2 if SMTC periodicity of measured intra-frequency cell > 20 ms and 1<NSMTC  4 upon more than 1 SMTC configured at the UE; M2 = 1.5 if SMTC periodicity of measured intra-frequency cell > 20 ms and NSMTC=1 upon 1 SMTC configured at the UE; otherwise M2=1. Where, NSMTC is the number of SMTCs configured by SAN If different SMTC periodicities are configured for different cells, the SMTC periodicity in this note is the one used by the cell being identified. During PSS/SSS detection, the periodicity of the SMTC configured for the intra-frequency carrier is assumed, and if the actual SSB transmission periodicity is greater than the SMTC configured for the intra-frequency carrier, longer Tdetect, NR_intra is expected.
Note 2: 	The UE is not required to meet the requirements for 2.56s DRX cycle length for earth-moving LEO deployment.





Observation 1: In R18 RAN4 mainly focuses on the earth-moving cell re-selection, the satellite moves more fast and the time of camping on the serving cell for UE is quite short compared to the quasi-fixed cell, the legacy requirements for t-Service shall be enhanced especially the conditions or the end of measurement time shall be modified by RAN4.
Observation 2: No new time-based cell re-selection criteria will be introduced for R18 and the RRM requirements for time-based cell re-selection for quasi-earth fixed cell in R17 can be considered as the starting point for NTN-NTN cell re-selection requirements with earth moving cell.
Proposal 1: RRM requirements for time-based cell re-selection for quasi-earth fixed cell in R17 can be considered as the starting point for NTN-NTN cell re-selection requirements with earth moving cell.
proposal 2: The judging condition and the requirements applicability for quasi-fixed cell re-selection can be the reference when defining the requirements for time-based method in R18 for earth-moving cell re-selection. 

Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Based on RAN2’s agreements in previous meetings, location-based measurement initiation will be used in earth-moving system. In RAN2#121bis-e meeting, it has agreed that for earth-moving cell reselection, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (FFS whether a new epochTime IE is needed). RAN2 has been entangled with whether a new epochtime IE is needed, but in the latest meeting, RAN2 reached an agreement that re-use epochTime-r17 in ntn-Config IE to provide the time reference for an Earth moving cell reference location. 
On the basis of both agreements above, RAN4 can believe that the ‘new’ reference location of the serving cell provided via NTN earth-moving system and is used in location-based measurement initiation in RRC_IDLE and RRC_INACTIVE. And in RAN2 #121bis_e meeting, for cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19. Whereas the reference location and the distance threshold have already been confirmed in RAN2 the legacy method for location-based and for cell reselection in quasi-fixed cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold can be as baseline for earth-moving cell. 
	TS 38.133:
If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and serving cell reference location is smaller than distanceThresh if the distanceThresh is configured  (see TS 38.304[1]) and UE has location information, then the UE may not perform measurement of intra-frequency.


We find that there is prerequisite here when adopting the location-based requirements:
	TS 38.133:
If Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, or the distance between UE and serving cell reference location is larger than distanceThresh if distanceThresh is configured and UE has location information, then the UE shall search for and measure inter-frequency layers of higher, equal or lower priority in preparation for possible reselection. The requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 m. In this scenario, the minimum rate at which the UE is required to search for and measure higher priority layers shall be the same as that defined below in this clause.


As we all know, the legacy requirements were not defined for the earth-moving cell, so I deem that the applicable rules for requirements shall be considered to update since in R18 the reference location is not stationary and the distance shall be estimated and RAN2 only addressed that the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, but the details for how to derive is not clear enough for RAN4. So RAN4 shall wait for more details agreements from RAN2.
Observation 3: Whereas the reference location and the distance threshold have already been confirmed in RAN2 the legacy method for location-based and for cell reselection in quasi-fixed cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold can be as baseline for earth-moving cell.
Observation 4: The details for how to derive is not clear enough for RAN4. So RAN4 shall wait for more details agreements from RAN2.
Observation 5: The applicable rules for requirements shall be considered to update since in R18 the reference location is not stationary and the distance between UE and the serving cell shall be estimated.
Proposal 3: The legacy requirements can be as baseline for earth-moving cell re-selection in R18.
Proposal 4: RAN4 shall consider and update the applicable rules when defining the requirements for earth-moving cell re-selection.
Proposal 5: RAN4 shall continue to wait for more details and outcomes from RAN2.

Conclusion
In this paper we provided our views on RRM requirements on R18 NR NTN enhancement.
Observation 1: In R18 RAN4 mainly focuses on the earth-moving cell re-selection, the satellite moves more fast and the time of camping on the serving cell for UE is quite short compared to the quasi-fixed cell, the legacy requirements for t-Service shall be enhanced especially the conditions or the end of measurement time shall be modified by RAN4.
Observation 2: No new time-based cell re-selection criteria will be introduced for R18 and the RRM requirements for time-based cell re-selection for quasi-earth fixed cell in R17 can be considered as the starting point for NTN-NTN cell re-selection requirements with earth moving cell.
Proposal 1: RRM requirements for time-based cell re-selection for quasi-earth fixed cell in R17 can be considered as the starting point for NTN-NTN cell re-selection requirements with earth moving cell.
proposal 2: The judging condition and the requirements applicability for quasi-fixed cell re-selection can be the reference when defining the requirements for time-based method in R18 for earth-moving cell re-selection. 
Observation 3: Whereas the reference location and the distance threshold have already been confirmed in RAN2 the legacy method for location-based and for cell reselection in quasi-fixed cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold can be as baseline for earth-moving cell.
Observation 4: The details for how to derive is not clear enough for RAN4. So RAN4 shall wait for more details agreements from RAN2.
Observation 5: The applicable rules for requirements shall be considered to update since in R18 the reference location is not stationary and the distance between UE and the serving cell shall be estimated.
Proposal 3: The legacy requirements can be as baseline for earth-moving cell re-selection in R18.
Proposal 4: RAN4 shall consider and update the applicable rules when defining the requirements for earth-moving cell re-selection.
Proposal 5: RAN4 shall continue to wait for more details and outcomes from RAN2.
References
[bookmark: _Ref114500673][1] RP-223534, Revised WID: NR NTN (Non-Terrestrial Networks) enhancements, Thales.
[2] R4-2310168, WF on NR NTN enhancement RRM requirements, Qualcomm.


1

