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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #108, the conclusions on RRM requirements for NR NTN enhancement were captured and recorded in WF [1]. In this contribution, we herein present our views and proposals on the remaining issues in the objective ‘NTN-TN and NTN-NTN mobility and service continuity enhancements’. 
Discussion
Issue 3-1: TN-to-NTN Cell reselection
	Agreement:
· If whether/how to UE obtain TN coverage area information from TN cell is confirmed, the  following can be further discussed:
· Whether or not to define RRM requirements for TN-to-NTN cell reselection.
· Centre and radius of TN coverage can be used for measurement initiation for cell reselection, e.g.
· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, and the distance between UE and TN coverage area centre is smaller than radius, then the UE may not perform measurement of NTN intra- and/or inter-frequency.



Since the main focus on mobility between TN and NTN is how to switch from NTN to TN effectively and reliably, we don’t see the importance of defining TN-to-NTN Cell reselection. Absolutely, a UE can try to camp on an NTN cell if it is capable of measuring NTN cell, but we don’t see the urgency to define requirements to detect and measure NTN cell.
Proposal 1: Deprioritize defining RRM requirements for TN-to-NTN cell reselection.

Issue 3-2: NTN-to-TN Cell reselection

	· For NTN-to-TN cell reselection,
· Option A: RAN4 to not update the existing UE requirements other than adding the clarification that UE is not required to perform TN cell measurement in an area where there is no TN network coverage on a given frequency layer based on the provide TN cell coverage information and UE GNSS position information.
· Option B: A UE shall start (up to UE implementation) measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. After UE enters overlapped coverage by TN/NTN cell,
· If the UE doesn’t detect any TN cell or measures signal strength from any TN cell lower than a threshold and the measured signal strength of NTN cell that UE camps on meets S-criteria, the UE shall:
· Option B-1: skip measurements on TN cell for a time period before resuming measurements. 
· Option B-2: relax measurements on TN cell until TN cell is detected and signal strength from any TN cell is higher than a threshold.
· Otherwise, UE shall keep normal measurements on the TN cell (frequency layer).
· Option C: TN coverage area centre and radius can be used for measurement initiation for cell reselection.
· Such as for intra-frequency cell reselection for earth fixed cell: in measurement time, the distance between UE location and NTN cell reference location is less than distanceThresh and the distance between TN coverage area centre and NTN cell reference location plus radius is less than distanceThresh. For inter-frequency cell reselection, apply the similar rule.
· For earth moving cell, the reference location should be updated with reference location with time reference.



It’s rational that the UE shall measure and further change to access the TN cell upon acquiring information about the TN coverage signaled by TN/NTN network node. However, TN coverage information is a very approximate estimation without accuracy requirements, therefore below two cases both may occur typically in reality:
· Case1: a UE may have been covered by a TN cell even its position is out of the indicated TN coverage, or
· Case2: a UE may have not covered by a TN cell even its position already is in the indicated TN coverage with margin. 
It has been agreed in RAN2 that UE isn’t required to measure TN frequencies if it is outside of the TN coverage, thus UE shall anyway determine when to initiate measure TN frequencies. If a UE only relies on TN coverage information and initiates measurements strictly with respect to TN coverage information, depending on TN coverage information not guaranteeing accuracy, the UE behaviors in aforementioned cases may like this: 
· In Case1: Start and keep unnecessary measurements on TN cell after arriving in TN cell range indicated by TN cell information but no TN cell is detected because practical TN cell range is smaller than it indicated by TN cell information. 
· In Case2: Miss qualified measurements before arriving in TN cell range indicated by TN cell information because practical TN cell range is larger than it indicated by TN cell information.
To prevent above UE unsuitable behaviors in the two cases and ensure UE to change cell successfully and efficiently, a simple and straightforward approach is that the measurements on TN cell shall be adaptive with respect to TN coverage information and power based measurement results.
Proposal 2: It’s up to UE implementation to start the measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. 
Proposal 3: After UE enters the overlapped coverage by TN/NTN cell, to avoid useless measurements on TN cell, relaxation on TN cell measurement shall be considered.
· If the UE doesn’t detect any TN cell and the received signal strength of NTN cell that UE camps on meets S-criteria, the UE shall:
· Option 1: skip measurements on TN cell for a time period before resuming measurements. 
· Option 2: relax measurements on TN cell until TN cell is detected and signal strength from any TN cell is high enough (e.g., at the least high than S-criteria).
· Otherwise, UE shall apply legacy ﻿measurement requirements on the TN cell (frequency layer).

In RAN2#123 meeting, below agreements are copied from WF. 
	· define an optional without signalling UE capability to indicate the support of skipping neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.




	· Both of the NR TN coverage and EUTRA TN coverage can be provided.
· We introduce a new SIB to provide the TN coverage information
· A TN coverage area configuration is associated with a TN coverage Area ID. The frequency information for TN coverage area is indicated by adding TN coverage area IDs in SIB4 and SIB5.



The interpretation to the agreement ‘Both of the NR TN coverage and EUTRA TN coverage can be provided’ is that a UE can camp to NR or EURTA TN cell from NTN cell. It implies that Measurements of inter-RAT E-UTRAN cells shall be applicable for NTN-TN reselection.
Proposal 4: RAN4 shall check the applicability of measurements of inter-RAT E-UTRAN cells for NTN-TN reselection. 
Since RAN2 decided to define an optional without signalling UE capability to indicate the support of skipping neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage, it implies that measurement requirements shall take the UE capable of  skipping TN cell measurements  and the UE uncapable of skipping TN cell measurements  into account.
Proposal 5: RAN4 shall check the impact to measurement requirements caused by the UE capability ( indicating the support of skipping neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage), e.g., whether different requirements shall be defined regarding supporting the capability or not.


Issue 3-3: Time-based measurement initiation for cell reselection in earth moving cell
	FFS:
· If the time-based cell re-selection is applicable to the earth moving cell scenarios, the existing RRC idle/inactive mode requirements referring to ‘t-service’ are reused. Note that the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access’ do not differentiate between the earth-fixed and earth-moving cell cases. And the requirement for the earth moving cell can be updated, if the group agrees, due to a relatively shorter service time compared to the earth fixed cell scenario depending on UE location.



Even Earth moving cell may have relatively short service time, we don’t see current time based cell-reselection framework can be optimized without involvement of RAN2. Besides of that, RAN4 may consider shortening the neighbor cell measurement requirements through applying short DRX cycle.

Proposal 6: If necessary, RAN4 can ask RAN2 to consider optimization to time based cell-reselection for Earth moving cell. Otherwise, short DRX cycle can be implemented to mitigate the issue of the short serving time in Earth moving cell.

Issue 3-4: Location-based measurement initiation for cell reselection in earth moving cell
	Agreement:
· Define location-based measurement initiation requirements based on the existing requirements on ‘4.2C Cell Re-selection for NR UE for Satellite Access.’ The requirement may update the following aspects:
· Definition of the reference location to reflect the time varying reference location
· FFS: how to update the reference location over time based on reference location, epoch time, satellite ephemeris, etc. 
· The location margin for evaluating the distance threshold can be extended by X meters
· any other updates can be discussed/added later to be compliant with RAN2 spec



For cell reselection in Earth moving cell, the reference location varies with time. RAN2 has agreed in last meeting that the ever-changing reference location shall not be provided by the network node, instead UE shall keep the track of reference location. But, limited by UE’s capability to evaluate the change of reference location, the distance error determined by UE may be larger than that in Earth fixed cell.
	· The change of serving cell reference location for earth moving cell should neither result in system information change notifications nor in a modification of valueTag in SIB1.
· In the Earth-moving case, it is up to UE implementation to maintain a valid serving cell reference location in RRC_IDLE and RRC_Inactive mode. This will be stated in the specification as a Note (or update of an existing Note)



Proposal 7: Since it is UE implementation to keep the track of the ever-changing reference location in in earth moving cell, no assistance information is needed.
Proposal 8:  RAN4 shall introduce the extra location margin for evaluating the distance threshold in in earth moving cell, the exact number may rely on ephemeris data error and UE’s internal timing drift varying with time.

Issue 3-5: Autonomous SMTC adjustment in RRC Idle/Inactive mode (a newly added scope)
	FFS:
· In RRC inactive/idle mode, when more than one satellite, moving different directions relative to UE, is associated with one SMTC, and the SSBs from the satellites cannot be accommodated by the SMTC window, as to how to autonomously adjust the SMTC in the time domain and which cell(s)/satellite to measure, 
· Option A: up to UE implementation, i.e. no specific UE requirement is defined
· Option B: define an explicit UE requirement/behaviour. FFS on impact on RAN2 spec



Proposal 9: Autonomous SMTC adjustment is up to UE implementation.

Issue 4-2: Satellite switching without PCI change
	Agreement:
· Define UE requirements on delay and interruption upon ‘satellite switching without PCI change’ at least for hard switch scenario. Further study the following, based on further progress from RAN2.
· Starting point of the delay and interruption 
· Values of the components in the delay and interruption, such as Tprocessing, Tsearch, T∆, TIU, TSI-NTN (time for acquisition of essential information of the new satellite if needed) if relevant and required.
· During the interruption period, whether the UE is required to monitor [serving cells/satellites and/or] neighbour cells/satellites
· Note that the above requirement can be extended to RRC idle/inactive mode. The details will be discussed when the group gets more clarity on the whole framework in detail from RAN2.



In RAN2’s studies, the agreements on unchanged PCI scenario obtained in last meeting are copied as follows:
	· An explicit indication will be introduced to enable the unchanged PCI switch
· The unchanged PCI mechanism can be applied to the case where the coverage gap is zero or negligible (where there is no need to introduce t-gap or t-start). FFS whether we need to support scenarios that require the introduction of t-gap or t-start
· PCI unchanged procedure can be performed without performing RACH
· In the unchanged PCI case, the UE considers UL synchronization timer expired at t-Service (current cell stop time) to stop any UL operation. FFS on timeAlignmentTimer handling.
· In the unchanged PCI case, for RACH-based solution, the UE may trigger RACH immediately after DL synchronizing with the new satellite
· The UE specific Koffset, if configured, is not used after t-Service and the UE uses the cell specifc Koffset until the UE receives new differential Koffset MAC CE.



We understand that the cell shall stop the service (including transmission of reference signals) managed by the old satellite at t-service and start the service (including transmission of reference signals) managed by the old satellite instantly from t-service.
Proposal 10: Starting point (start of interruption time) of satellite switching without PCI change may need to be separated to 2 options: t-service and t-gap(depending on RAN2’s further agreements).
Proposal 11: Interruption period shall be separated to 2 options: with RACH and without RACH.
The interruption time for handover is copied in the below:
	6.1.1.2.2	Interruption time
The interruption time is the time between end of the last TTI containing the RRC command on the old PDSCH and the time the UE starts transmission of the new PRACH, excluding the RRC procedure delay.
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Where:
	Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is an unknown intra-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = Trs  ms. If the target cell is an unknown inter-frequency cell and the target cell Es/Iot≥-2 dB, then Tsearch = 3* Trs  ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
	T∆ is time for fine time tracking and acquiring full timing information of the target cell. T∆ = Trs for both known and unknown target cell.
	Tprocessing is time for UE processing. Tprocessing can be up to 20ms.
	Tmargin is time for SSB post-processing. Tmargin can be up to 2ms.
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to the summation of SSB to PRACH occasion association period and 10 ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
	Trs is the SMTC periodicity of the target NR cell if the UE has been provided with an SMTC configuration for the target cellin the handover command, otherwise Trs is the SMTC configured in the measObjectNR having the same SSB frequency and subcarrier spacing. If the measObjectNRs having the same SSB frequency and subcarrier spacing configured by MN and SN have different SMTC, Trs is the periodicity of one of the SMTC which is up to UE implementation. If the UE is not provided SMTC configuration or measurement object on this frequency, the requirement in this clause is applied with Trs=5ms assuming the SSB transmission periodicity is 5ms. There is no requirement if the SSB transmission periodicity is not 5ms. If the UE has been provided with higher layer in TS 38.331 [2] signaling of smtc2 prior to the handover command, Trs follows smtc1 or smtc2 according to the physical cell ID of the target cell.




The switch between satellites operated by the network may need some processing time from the start time of satellite switch until the UE can search the target satellite.
Proposal 12: The start time of Tsearch shall be later than the time that the cell can transmit reference signals through the new satellite. It doesn’t always equal to the start time of interruption. An uncertainty delay between start time of interruption and Tsearch  may be added into the total interruption time.
UE isn’t able to or isn’t necessary to measure serving cell after source satellite (operating the serving cell) stops service and before target satellite (operating the serving cell) starts service, i.e., during a time period. Consequently, requirements on measurements of serving cell shall be updated accordingly. 
Proposal 13: If t-gap or t-start is applicable, then the UE may skip or deprioritize measurements on serving satellite/cell and neighbor satellites/cells during hard switch operation. Since t-gap or t-start hasn’t been agreed in RAN2 yet, we can wait for RAN2’s progress.

Conclusion
Proposal 1: Deprioritize defining RRM requirements for TN-to-NTN cell reselection.
Proposal 2: It’s up to UE implementation to start the measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. 
Proposal 3: After UE enters the overlapped coverage by TN/NTN cell, to avoid useless measurements on TN cell, relaxation on TN cell measurement shall be considered.
· If the UE doesn’t detect any TN cell and the received signal strength of NTN cell that UE camps on meets S-criteria, the UE shall:
· Option 1: skip measurements on TN cell for a time period before resuming measurements. 
· Option 2: relax measurements on TN cell until TN cell is detected and signal strength from any TN cell is high enough (e.g., at the least high than S-criteria).
· Otherwise, UE shall apply legacy ﻿measurement requirements on the TN cell (frequency layer).
Proposal 4: RAN4 shall check the applicability of measurements of inter-RAT E-UTRAN cells for NTN-TN reselection.
Proposal 5: RAN4 shall check the impact to measurement requirements caused by the UE capability ( indicating the support of skipping neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage), e.g., whether different requirements shall be defined regarding supporting the capability or not.
Proposal 6: If necessary, RAN4 can ask RAN2 to consider optimization to time based cell-reselection for Earth moving cell. Otherwise, short DRX cycle can be implemented to mitigate the issue of the short serving time in Earth moving cell.
Proposal 7: Since it is UE implementation to keep the track of the ever-changing reference location in in earth moving cell, no assistance information is needed.
Proposal 8:  RAN4 shall introduce the extra location margin for evaluating the distance threshold in in earth moving cell, the exact number may rely on ephemeris data error and UE’s internal timing drift varying with time.
Proposal 9: Autonomous SMTC adjustment is up to UE implementation.
Proposal 10: Starting point (start of interruption time) of satellite switching without PCI change may need to be separated to 2 options: t-service and t-gap(depending on RAN2’s further agreements).
Proposal 11: Interruption period shall be separated to 2 options: with RACH and without RACH.
Proposal 12: The start time of Tsearch shall be later than the time that the cell can transmit reference signals through the new satellite. It doesn’t always equal to the start time of interruption. An uncertainty delay between start time of interruption and Tsearch  may be added into the total interruption time.
Proposal 13: If t-gap or t-start is applicable, then the UE may skip or deprioritize measurements on serving satellite/cell and neighbor satellites/cells during hard switch operation. Since t-gap or t-start hasn’t been agreed in RAN2 yet, we can wait for RAN2’s progress.
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