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1. Introduction
In RAN4#107 meeting, RAN4 discussed the RRM core requirements for NR NTN enhancement, the WF has been approved in [1]. 
In this contribution, we further discuss the RRM impact of NR NTN mobility enhancement based on the progress of RAN2.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]NTN-TN and NTN-NTN cell re-selection enhancements 
Issue 4-1: NTN-NTN Cell re-selection enhancements for earth moving cell
RAN2 is discussing the cell re-selection enhancements for earth moving cell, including how to provide coverage information, whether to support location-based cell re-selection and/or time-based cell re-selection initiation/criteria, and related mechanisms. Following agreements has been achieved so far:
	Agreements from RAN2#119b:
For NTN-NTN cell re-selection 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)

	Agreements from RAN2#121:
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).
For cell selection/re-selection, location-based measurement initiation is supported in earth-moving cell
For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, i.e., for cell re-selection in earth-moving cell, UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. 

	Agreements from RAN2#121bis:
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.

	Agreements from 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.



Issue 4-1-A: Time-based cell re-selection in earth moving cell NTN deployments
Based on RAN2’s agreement, time-based measurement initiation will be used in earth-moving system, which is used to address feeder-link switch case. An indication will be used to trigger UE neighbour cell measurements prior to cell replacement due to feeder link switch. The time-based cell re-selection mechanism and requirement applicability for quasi-fixed cell could be referred.
Proposal 1: For time-based cell re-selection in earth moving cell NTN deployments, the mechanism and requirement applicability from quasi-fixed cell could be referred, the ‘t-service’ signalling may need to be updated according to RAN2’s further discussion.
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
For earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused, which means UE will initiate the measurement when the distance between UE and serving cell reference location is longer than distanceThresh. Some companies observed that the remaining service time may not enough for UE to finish the measurement and evaluation because of the cell moving, however, if the cell coverage information could be introduced, UE can derive this remaining service time information.
In our view, even though UE could acquire the cell coverage information, the fact that insufficient measurement time will not be changed. The only benefit is that RAN4 could define the applicability rule, for instance, if the time span between measurement initiation timing and serving cell service stop timing is less than Ttrigger, then the requirement is not applicable.
Observation 1: The fact that insufficient measurement time due to earth-moving cell will not be changed, whether UE could acquire the coverage information or not.
Observation 2: The only benefit of introducing the coverage information is that RAN4 could define the applicability rule, for instance, if the time span between measurement initiation timing and serving cell service stop timing is less than Ttrigger, then the requirement is not applicable.
Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
Agreement:
· FFS: RAN4 to define RRM requirements on TN-to-NTN reselection.
· RAN4 to agree to reuse same side condition of assistance information for neighbour NTN cells from R17 WF R4-2207114.
· Additional side conditions can be added, as needed, and the conditions may depend on satellite types (GSO vs. non-GSO) and/or NTN cell deployments for non-GSO (earth-fixed vs. earth-moving cell).
Agreement:
· RAN4 to define RRM requirements on NTN-to-TN cell reselection requirement without measurement enhancement for the following cases:
· both GSO and non-GSO
· both earth fixed cell and earth moving cell
· FFS on 
· whether/how to define the detailed UE behaviour when the UE is out of TN coverage.
Agreement:
· RAN4 to not define accuracy of TN coverage information provided by NTN cell.
Based on the discussion in RAN2 so far, following agreements have been achieved:
	· measurements for TN’s coverage are performed only when relevant
· UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage
· NTN UE could be provided with assistance information of TN coverage
· NTN UE could differentiate when camping in an area only covered by NTN network (earth-moving or earth-fixed) vs an area where TN network(s) is/are also available.
· No additional cell reselection prioritization rules for NTN vs TN in Rel-18 (e.g. per service type, per mobility state, or per UE type) on top of what specified in Rel-17

	Agreements from RAN2#121bis-e:
1.	For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius (where the area is meant to describe a group of cells, not just a single one). FFS on the SIB. FFS on whether additional information in dedicated signalling is needed/useful
2.	Area center location and its radius for TN coverage information is signalled using Ellipsoid-Point and radius separately. FFS if Rel-17 referenceLocation and distanceThresh are directly reused
3.	Decision on the size of TN coverage area list is postponed until more is known on the format of this information and how is it sent.
4.	The discussion on how to indicate the frequency information for each TN coverage area should be combined with the discussion on which SIB will be used to indicate the TN coverage area, possibly based on evaluation of the signalling overhead
5.	The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
6.	On a frequency band number shared by TN and NTN (e.g., n1), if NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell. This understanding is also applicable for Rel-17 and it does not need any spec update

	Agreements from RAN2#122:    
1.     An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
2.     Reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius
3.     TN coverage info is NOT included in SIB19. FFS if we use an existing SIB or a new one
4.     We don’t introduce RRC dedicated signalling to provide more accurate TN coverage information
5.     We no longer consider option 3 alone for signaling the frequency information for TN coverage area (in case option 3 should be combined with option 1). Come back in the next meeting to decide between option 2 (plus possible fixes if needed) and option 1+3. 


First of all, we propose to deprioritize the TN-to-NTN cell re-selection and focus on the NTN-to-TN cell re-selection first, since RAN2 haven’t discuss any mechanism for TN-to-NTN scenario.
Proposal 2: Deprioritize the TN-to-NTN cell re-selection scenario.
For NTN-to-TN cell re-selection, the mechanism designed by RAN2 is as follows:
· An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority
· For signaling the TN coverage, the corresponding geographical area information is provided by broadcast signalling by the network via a list of (possibly overlapping) areas where each area is defined using center location coordinates + radius, reuse the same format of Rel-17 referenceLocation and distanceThresh for signaling the TN coverage area centre and radius.
The UE measurement behavior for NTN-to-TN should be defined. RAN2’s agreement could be reused. “An RRC_IDLE/RRC_INACTIVE UE is not required to perform neighbour cell measurements for cell re-selection for a TN frequency in the area, if configured, where there is no coverage of that frequency, regardless of the frequency priority”
Besides, we think the definition of Kcarrier should be revised to capture the NTN-to-TN cell re-selection enhancement mechanism. For example, Kcarrier is the number of NR inter-frequency carriers indicated by the serving cell, except for the TN frequency in the area where there is no coverage of that frequency.
Proposal 3: The UE measurement behavior for NTN-to-TN should be defined. RAN2’s agreement could be reused. 
Proposal 4: Revise the definition of Kcarrier to the number of NR inter-frequency carriers indicated by the serving cell, except for the TN frequency in the area where there is no coverage of that frequency.
3. NTN-NTN handover enhancements
Issue 5-1: RACH-less (C)HO
Agreement:
· RAN4 to define RACH-less HO requirements for intra-/inter-satellite handover with and without gateway/gNB switch.
· Known and Unknown target cell condition:
· Reuse the R17 known/unknown condition applied in NTN HO requirements.
· If any other new aspects to be additionally added are identified based on RAN1/2 progress, those aspects will be further discussed in RAN4.
· Whether to define the requirements for both known and unknown target cells
· Consider both known and unknown target cells.
· Whether to include fine time tracking latency in the HO latency requirement,
· Fine time tracking latency will be included even when target cell is known.
· Additional latency can be added, if identified and needed, based on the detailed design of the feature to be made by RAN1 and RAN2
· The detailed formula and exact values in the requirements, e.g. T_IU, T_SI-NR, T_RACH, T_delta, T_processing, T_margin, T_search, etc. if relevant, will be defined in the next meeting accordingly.
The definition of TIU should cover both cases of pre-allocated grant and dynamic grant. The LTE RACH-less HO could be referred. For instance:
TIU is the interruption uncertainty in acquiring the first PUSCH transmission occasion when UE is configured with RACH-less handover in the new SAN cell.
· TIU can be up to [10] ms if pre-allocated UL grant is configured in RRC command.
· NOTE:	The actual value of TIU shall depend upon the pre-allocated UL grant configuration in RRC command.
· TIU can be up to TUL_grant if pre-allocated UL grant is not configured in RRC command.
· NOTE:	TUL_grant is the time required to acquire and process uplink grant from the target cell.
Proposal 5: For RACH-less HO, the definition of TIU should be referred to LTE RACH-less HO, which should cover both cases of pre-allocated UL grant and dynamic UL grant. Further revision is not precluded based on further agreements from RAN2.
Issue 5-2: HO for satellite switching without PCI change
· No agreement.
	Agreements from RAN2#121bis-e:
1.	In quasi-earth fixed cell case, for hard satellite switch in the same SSB frequency and same gNB (no key change), satellite switching without PCI changing (not requiring L3 mobility) is supported, unless major technical issues are identified by RAN1 (as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18)
2.	Remove the part in brackets “as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18” in the LS to RAN1. The action to RAN1 will also ask for feedback for the hard satellite switch (not only the soft satellite switch case), e.g. action to RAN1 is to see if there are any major technical issues (as in the agreement).

	Agreements from RAN2#122:
1.     t-Service in SIB19 can also be interpreted by Rel-18 UE in Connected mode to know that a satellite change or feeder link change happens
2.     In hard switch unchanged PCI scenario (i.e. no handover), the UE needs to know the time the UE attempts to re-synchronize. (FFS whether a new “t-Start” / a t-gap is needed or whether t-Service can be reused (i.e. no other IE) if the gap is very short/zero). 

	LS content from RAN1 LS R1-2306210
RAN1 discussed the resynchronization of UE when hard switching, given that new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
From RAN1 perspective, no feasibility issue is identified for hard satellite switching without PCI change.


The feasibility of satellite switching without PCI change in quasi-earth fixed cell case is confirmed by RAN1 and RAN2. The satellite switching delay requirement for satellite switching without PCI change feature should be considered by RAN4. Based on our understanding, the delay requirement should at least cover TSI-NR and TPRACH. 
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TPRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target cell of target satellite. 
Proposal 6: The satellite switching delay requirement for satellite switching without PCI change feature should be considered, which should at least cover TSI-NR and TPRACH.
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TPRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target cell of target satellite. 
4. Conclusion
Based on the discussion above, the following observations and proposals are concluded. 
Proposal 1: For time-based cell re-selection in earth moving cell NTN deployments, the mechanism and requirement applicability from quasi-fixed cell could be referred, the ‘t-service’ signalling may need to be updated according to RAN2’s further discussion.
Observation 1: The fact that insufficient measurement time due to earth-moving cell will not be changed, whether UE could acquire the coverage information or not.
Observation 2: The only benefit of introducing the coverage information is that RAN4 could define the applicability rule, for instance, if the time span between measurement initiation timing and serving cell service stop timing is less than Ttrigger, then the requirement is not applicable.
Proposal 2: Deprioritize the TN-to-NTN cell re-selection scenario.
Proposal 3: The UE measurement behavior for NTN-to-TN should be defined. RAN2’s agreement could be reused. 
Proposal 4: Revise the definition of Kcarrier to the number of NR inter-frequency carriers indicated by the serving cell, except for the TN frequency in the area where there is no coverage of that frequency.
Proposal 5: For RACH-less HO, the definition of TIU should be referred to LTE RACH-less HO, which should cover both cases of pre-allocated UL grant and dynamic UL grant. Further revision is not precluded based on further agreements from RAN2.
[bookmark: _GoBack]Proposal 6: The satellite switching delay requirement for satellite switching without PCI change feature should be considered, which should at least cover TSI-NR and TPRACH.
· TSI-NR: It is the time required for receiving all the relevant system information according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 38.331 [2] for the target cell of target satellite.
· TPRACH: It is the delay uncertainty in acquiring the first available PRACH occasion in the target cell of target satellite. 
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