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Introduction
In last meeting 3GPP TSG RAN WG4 Meeting #107, 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 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



Regarding discussion summary in last RAN4 meeting, the question ‘Whether the coverage information of serving cell is (absolutely) necessary’ relies on RAN2 decision. Due to plenty of issues on how to define location threshold and location assistance information in last RAN2 meeting, RAN2 decided to postpone location-based cell reselection criteria in Rel-18 as the blow quotation.
	Agreements:
1.	Location-based cell reselection criteria are not pursued in R18. 



Therefore, we understand that RAN4 doesn’t need to discuss location-based cell reselection in earth moving cell NTN deployments unless RAN2 resumes the study. 
Proposal 1: Postpone location-based cell reselection in earth moving cell NTN deployments.

Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
The agreements on NTN-TN Cell reselection from last meeting are copied below.
	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.
· how to define TN coverage for both TN band is or is not shared with NTN band

	Agreement:
· RAN4 to not define accuracy of TN coverage information provided by NTN cell.



Meanwhile, we quote the agreements on NTN-TN enhancements achieved in 3GPP TSG RAN WG2 Meeting #122 as follows:
	Agreements:
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



Combination of the above agreements comprehends that the TN coverage is designed as a circle shape derived from circle’s centre and radius data with respect to RAN2 agreements and no accuracy requirements or levels will be defined. 
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, following the common understanding in discussions.
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 both.
One solution is described briefly as follows: 
· A UE shall start measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. 
· 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 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.
· Otherwise, UE shall keep measurements on the TN cell (frequency layer).
· When UE starts measurements on TN cell before arriving in a TN cell range is up to UE implementation.
Regarding details of skipping or relaxation of measurements, it can be discussed in-depth.
Proposal 2: A solution to address NTN to TN reselection is described briefly as follows: 
· A UE shall start measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. 
· 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 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 higher than a threshold.
· Otherwise, UE shall keep normal measurements on the TN cell (frequency layer).
Proposal 3: No pursue TN to NTN reselection requirements.

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 interruption time of RACH-less handover is listed with the following formula:

Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
· 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 PUSCH transmission occasion when UE is configured with RACH-less handover in the new cell.
· 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.
In LS reply, RAN4 confirmed that ‘SSB availability in last 160ms’ is to make sure UE has chance to perform time tracking before the UL transmission in RACH-less HO.
	For NTN-NTN FR1-FR1 handover, RAN4 to confirm that Note 1 in the LS (R1-2213001) is correct, i.e. the timing requirement specified in Table 7.1C.2-1 of TS38.133 applies to the first UL transmission, including PUCCH, PUSCH, SRS, PRACH, and msgA, in the target cell, provided that
· at least one SSB is available at the UE during the last 160 ms.
· UE is provided with information such that the UE has valid  and  upon handover execution.
· the network and UE have a common understanding of NTA component upon HO execution.



The ‘SSB availability in last 160ms’ ensures UE to have chance to perform time tracking before the UL transmission in RACH-less HO. Then, T∆ as defined for RACH-less handover in TS 36.133 can represent the statement.
Proposal 4: The interruption time of RACH-less handover is listed with the following formula:
Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
T∆ defined in interruption time requirement in clause 6.1.1.2.2 in TS 38.133 V18.2.0 can be utilized directly for time tracking. 

Issue 5-2: HO for satellite switching without PCI change
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In RAN2’s studies, satellite switching was categorized with 2 kinds: soft switch and hard switch. In RAN2#121-bis-e, the following agreements were achieved for unchanged PCI scenario.
	Agreements:
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)



We understand that the hard satellite switch case was agreed to be supported definitely, while the soft satellite switch case needs wait for the confirmation from RAN1. At this point, we’d like to check what RAN4 can study with respect to agreements on hard switch with unchanged PCI scenario.
Again, the agreements in RAN2#122 are quoted as follows:
	Agreements:
· 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
· 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). 


In the hard switch scenario, our understanding is that a UE needs to know when to stop measuring source satellite and when to start measuring target satellite without mismatching between each other and the two time instants shall be distinguished each other. Given that, RAN2 may propose the assistance information containing one or two time instants for the distinguishment purpose.
From RAN4 perspective, it implies that the 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 defined by the assistance information. Consequently, requirements on measurements of serving cell shall be updated accordingly. 
On other hand, the scenario of hard switch implies the UE that is operated by hard switch shall deprioritize or not perform measurements on other neighbor satellites/cells, otherwise the UE that may camp on or access a neighbor cell before hard switch operation competition, that isn’t the intention to introduce hard switch. 
Proposal 5: In hard switch, UE isn’t required 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 defined by the assistance information by network. 
Proposal 6: In hard switch, RAN4 shall check if the UE managed by hard switch operation (received indication of hard switch) shall deprioritize or not perform measurements on other neighbor satellites/cells during hard switch operation. 

Conclusion
Proposal 1: Postpone location-based cell reselection in earth moving cell NTN deployments.
Proposal 2: A solution to address NTN to TN reselection is described briefly as follows: 
· A UE shall start measurements on TN cell (frequency layer) before arriving in a TN cell range indicated by the TN cell information. 
· 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 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 higher than a threshold.
· Otherwise, UE shall keep normal measurements on the TN cell (frequency layer).
Proposal 3: No pursue TN to NTN reselection requirements.
Proposal 4: The interruption time of RACH-less handover is listed with the following formula:
· Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
· T∆ defined in interruption time requirement in clause 6.1.1.2.2 in TS 38.133 V18.2.0 can be utilized directly for time tracking. 
Proposal 5: In hard switch, UE isn’t required 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 defined by the assistance information by network. 
Proposal 6: In hard switch, RAN4 shall check if the UE managed by hard switch operation (received indication of hard switch) shall deprioritize or not perform measurements on other neighbor satellites/cells during hard switch operation. 
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