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1. Introduction
At RAN4#107 meeting, RAN4 further discussed on Rel-18 NTN mobility enhancements including NTN-NTN mobility, NTN-TN mobility, RACH-less handover and Unchanged PCI, which made some agreements and they were captured in latest WF [1]. In this paper, we will continue to provide our views on these aspects in more details.
2. Discussion
2.1 NTN-NTN mobility enhancements
For the NTN-NTN mobility, two mechanisms on cell selection have been introduced in Rel-17, one is timing- based and another is location-based measurement, which are only applied for quasi-fixed cell. In Rel-18, it will work on cell reselection enhancements for earth moving cell scenario. Here we list RAN2 agreements in the past meetings for reference.
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.

For location-based measurement initiation 
Compared with quasi-earth fixed cell, the earth-moving cell coverage area will move over time with high speed, which leads that UE may stay in this serving cell for a short duration. From this perspective, additional coverage information is needed to assist UE to estimate the distance between UE and the edge of serving cell to further check whether the cell reselection could be finished within the remaining service time.
In terms of coverage information, there have some issues related to this information raised from companies after discussion. Here we would like to provide our views and further clarify on these issues.
· Issue 1: Whether the coverage information is implicit included in the pre-configured distance threshold and distance threshold is the single criterion for UE to trigger cell reselection measurement?
If we assume that the coverage information is implicit included in the pre-configured distance threshold, it may indicate that, when the trigger threshold is configured, the distance between the point corresponding to the trigger threshold and the edge of the coverage area is considered to be enough for UE to complete the measurement of cell reselection. But the truth is, only UE knows the real-time distance between reference point of serving cell and UE location since the rough trajectory of serving cell is derived by UE itself and UE location is obtained through GNSS technology. From NW perspective, it is difficult for NW to configure a suitable threshold in advance with consideration of UE location and even the real-time distance between UE and the edge of serving cell. And for UE perspective, the distance threshold is just used for judgement of initiating the cell-reselection measurement while the UE is not able to explicitly obtain any coverage information from this threshold parameter. 
Besides, if we further consider the UEs at different locations in the serving cell, the total measurement delay on cell re-selection is not identical for all UEs since the quality of serving cell and neighbour cells is various in different locations. And if the different DRX configuration of UEs is further considered, it is difficult for NW to configure a unified distance threshold as the single criterion for all of UEs to trigger the measurements. 
· Issue 2: Whether needs to consider the accuracy of coverage information?
Actually, the similar issue was discussed in NTN-TN mobility on whether RAN4 needs to define accuracy of TN coverage information. And upon the agreement in the last meeting, it has concluded that RAN4 will not define accuracy of coverage information of TN cells. From this perspective, accuracy of coverage information of NTN cells would not be considered here either.
On the other hand, even if the accuracy of coverage information is considered and UE trigger the measurement too late due to the inaccuracy of coverage information of NTN cell (considering the case when the coverage of serving cell provided is too large), this can be avoided by adding margin allows UE to start measuring ahead of time.
· Issue 3: How to utilize the coverage information to specify requirements on location-based cell reselection measurement for moving cell scenario?
As we mentioned in the last meeting, coverage information is used to assist UE to estimate the distance between UE and the edge of serving cell to further check whether the cell reselection could be finished within the remaining service time. In fact, the motivation to introduce the coverage information does not try to change the basic principle on location-based initiation from RAN2. This information is just used to help the UE identify the scenario in advance, so as to further determine what UE behaviour to take in the next step. After our initial analyse, the potential scenarios generally include:
· Scenario 1: The coverage of serving cell is quite small
For this scenario, even UE is at the centre of serving cell, the remain service time is too short to finish cell reselection measurement for UE. Therefore, it can be considered not to apply the requirements on cell reselection under this case, which is similar with the scenario when the service time is less than Ttrigger for time-based measurement in Rel-17. Or UE can choose only to measure the high priority cells as well. 
· Scenario 2: The coverage of serving cell is relatively large
· Scenario 2-1 the distance threshold is not configured properly
As we know that distance threshold used for triggering the cell reselection measurement is pre-configured by network. There may be a case where the network configured an inappropriate threshold to UE which may cause that the distance between point A (corresponding to the distance threshold) and point B (at the edge of the cell coverage) is relatively small. As shown in Fig.1, for this case, if UE triggers the measurement when the distance between UE and reference location is larger than trigger threshold, it may be too late at this time and UE could not finish the measurement before the cell stop covering this area. Therefore, the requirements on cell reselection does not apply under this case either. UE can choose to start measuring as long as when camping in the cell, instead of following location-based initiation rule to start measurement.


Fig.1 The distance between point A and point B
· Scenario 2-2 the distance threshold is configured properly
When the distance threshold is configured properly and the distance between point A and point B is relatively large, UE has enough time to perform measurement. For this case, UE can follow the location-based initiation principle to trigger the cell-reselection measurement. 
In summary, based on the analysis on the possible scenarios, coverage information is useful for UE to determine how and when to trigger the measurement. RAN4 can take the coverage information into account when discussing the corresponding measurement requirements. And the details will be discussed after introducing the coverage information.
Proposal 1: For location-based measurement initiation in moving cell scenario, the coverage information of serving cell is necessary for helping UE to assess whether all the neighbour cell measurement can be completed before UE leaves the coverage area of serving cell
Therefore, from RAN4 perspective, maybe a LS is necessary to inform RAN2 that the cell coverage information needs to be provided to help UE assess whether the cell reselection measurement could be finished before UE leaves the coverage area of serving cell. For reference, we provide the draft LS in the appendix.
Proposal 2: RAN4 to send a LS to ask RAN2 to introduce the coverage information of serving cell for location-based measurement initiation.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For time-based measurement initiation 
According to the latest agreement from RAN2, time-based measurement initiation is introduced in earth-moving cell and used for feed link switch case. Similar as the time-based cell reselection measurement in fixed cell scenario, network indicates the service stop time of serving cell in system information and UE would initiate the cell reselection measurement before this time. In general, RRM requirements on time-based measurement in earth-fixed cell scenario could be reused for earth-moving cell. 
Proposal 3: RAN4 to use the requirements on time-based measurement initiation for earth-fixed cell as baseline for the requirements on time-based measurement initiation for earth-moving cell. 
For the time-based cell reselection measurement initiation in Rel-17, RAN4 introduced the parameter Ttrigger to ensure the applicability of requirement, which states the current cell reselection measurement requirement does not apply when the remain service time is less than Ttrigger. And the value of Ttrigger is determined by the cell detection delay on intra-frequency and inter-frequency carriers. This applicability is based on the assumption that, the relative speed between the serving cell and the UE is relatively small.
However, compared with earth-fixed cell scenario, the covering area of earth moving cell moves rapidly over time. If we take that into account, it is possible that the actual remain service time would become shorter than last updated value for t-Service since the rapid movement between the earth-moving cell and UE may accelerate the speed at which the UE leaves the current coverage area. This factor may cause that the measurement could not finished before the serving cell stops covering even if expected remain service time is larger than Ttrigger. 
Observation 1: For earth-moving cell, the actual remain service time would become shorter than last updated value for t-Service since the relatively large speed between the earth-moving cell and UE may accelerate the speed at which the UE leaves the current coverage area
Proposal 4: For time-based measurement initiation in earth-moving cell case, RAN4 to discuss the impact on actual service time for UE camping in the earth-moving cell due to the relatively large speed between the earth-moving cell and UE
2.2 NTN-TN mobility enhancements
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


Regarding the detailed UE behaviour when UE is out of TN coverage, in RAN2#122 meeting, it has provided clear guidance that UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency. Therefore, in our understanding, the UE behaviour is clear when UE is out of TN coverage. In the case, UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency. And this principle is applicable for all types of satellites and NTN deployment.
Proposal 5: For NTN-TN, UE is not required to perform measurement for TN cells in an area where there is no TN network coverage and it is applicable for all types of satellites and NTN deployment
2.3 RACH-less handover for NTN
	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.



Regarding the requirements on RACH-less HO in NTN, RAN4 initially discussed that the known/unknown target cell conditions and agreed that the R17 known/unknown condition could be reused. In this meeting, the detailed delay components and corresponding values would be defined. Basically, this procedure is similar as the NTN handover and we can use the current NR SAN handover requirements as the baseline and the definition and exact value of Tsearch, Tprocessing, T∆, and Tmargin could be reused with no change. Specifically, the ending point of RACH-less handover shall correspond to the PUSCH transmission (or PUCCH transmission) instead of PRACH transmission. Therefore, some update on definition of TIU is needed to adapt for RACH-less handover in NTN. For reference, we provide the draft of requirements on RACH-less HO requirements for intra-/inter-satellite handover as below. 
	RACH-less HO requirements for intra-/inter-satellite handover with and without gateway/gNB switch.
the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + Tprocessing  + T∆ + Tmargin ms
Otherwise, no interruption time requirement is applied.
Where:
-	Tsearch is the time required to search the target NR SAN 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.
-	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 PUSCH transmission occasion [or SR on PUCCH] 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].



Proposal 6: RAN4 to use NR SAN handover requirements as the baseline to define RACH-less NTN HO requirements and the definition and exact value of Tsearch, Tprocessing, T∆, and Tmargin could be reused. Specifically, the definition TIU needs to be updated correspondingly in RACH-less HO as:
· TIU is the interruption uncertainty in acquiring the first available PUSCH transmission occasion [or SR on PUCCH] in the new cell.
2.4 Unchanged PCI
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).

After the feasibility study from RAN1/RAN2, hard satellite switch unchanged PCI scenario was agreed to be supported. According to the above conclusions from RAN2, the start serving time of target satellite (such as ‘t-Start’) would be introduced and UE get DL/UL synchronization on the serving cell at the time. Accordingly, RAN4 needs to define delay requirements for this procedure. And details wait for more RAN2 input on how to provide t-Start and perform sync with/without RACH to serving cell after satellite switch.
Proposal 7: RAN4 to define delay requirement on hard satellite switch unchanged PCI scenario, and details shall wait for more RAN2 input
2.5 Autonomous SMTC shifting
In RAN#100 meeting, the issue regarding how to handle SMTC shifting of opposite satellites was raised by companies. After discussion, the above objective was captured in the latest WID [1] for further study. 
	Revised WID (RP-231484): NR NTN (Non-Terrestrial Networks) enhancements
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Identify and if needed, define RRM enhancement in idle/inactive mode for autonomous SMTC shifting to address the effect of opposite satellite motion across adjacent orbital planes (RAN4)



In Rel-17, RAN2 has agreed the multiple SMTC configuration(s) with different offsets can be configured on one NTN frequency layer, in order to cope with the large differential propagation delay in NTN. 
Some companies proposed to discuss further enhancement which aims to address the ambiguity on the association between satellites and SMTC configuration when two satellites with opposite motions are within one single SMTC. 
For this specific case, we think it is not necessary to specify additional restriction, for instance, to limit that one SMTC configuration is only associated with one satellite. It can be left to UE implementation to determine which direction shall SMTC window shifting follow, which could further base on some criteria, e.g., estimate cell quality from satellites is above a certain threshold. Second, the binding configuration is also not optimal. For example, both satellite 1 and satellite 2 are in the SMTC1 initially. When satellite 1 and satellite 2 moves in opposite directions, UE would track satellite 1 if SMTC1 configuration only associates with satellite 1. And after several adjustments of SMTC, it is possible that satellite 1 is in SMTC2 and SMT2 configuration is associated with satellite 3. UE can detect these two satellites within window of SMTC2. SMTC1 can then be used to measure other satellites, rather than just tracking satellite 1. 
Furthermore, the similar issue in terms of opposite satellite motion across adjacent orbital planes has already been discussed in RAN2#121bis-e meeting [3], which is concluded that it can be left to implementation and there is no need to add such restrictive association. From RAN2 perspective, the current design on SMTC configuration also can work in this specific case.
Based on above points, we think it can up to UE implementation when two satellites with opposite motions are within one single SMTC and there is no necessity to introduce further enhancement on autonomous SMTC shifting.
Proposal 8: RAN4 assume that it can be left to UE implementation to determine which direction shall SMTC window shifting follow when two satellites with opposite motions are within one single SMTC and there is no necessity to introduce further RRM enhancement 
3. Conclusions
Proposal 1: For location-based measurement initiation in moving cell scenario, the coverage information of serving cell is necessary for helping UE to assess whether all the neighbour cell measurement can be completed before UE leaves the coverage area of serving cell
Proposal 2: RAN4 to send a LS to ask RAN2 to introduce the coverage information of serving cell for location-based measurement initiation.
Proposal 3: RAN4 to use the requirements on time-based measurement initiation for earth-fixed cell as baseline for the requirements on time-based measurement initiation for earth-moving cell. 
Observation 1: For earth-moving cell, the actual remain service time would become shorter than last updated value for t-Service since the relatively large speed between the earth-moving cell and UE may accelerate the speed at which the UE leaves the current coverage area
Proposal 4: For time-based measurement initiation in earth-moving cell case, RAN4 to discuss the impact on actual service time for UE camping in the earth-moving cell due to the relatively large speed between the earth-moving cell and UE
Proposal 5: For NTN-TN, UE is not required to perform measurement for TN cells in an area where there is no TN network coverage and it is applicable for all types of satellites and NTN deployment
Proposal 6: RAN4 to use NR SAN handover requirements as the baseline to define RACH-less NTN HO requirements and the definition and exact value of Tsearch, Tprocessing, T∆, and Tmargin could be reused. Specifically, the definition TIU needs to be updated correspondingly in RACH-less HO as:
· TIU is the interruption uncertainty in acquiring the first available PUSCH transmission occasion [or SR on PUCCH] in the new cell.
Proposal 7: RAN4 to define delay requirement on hard satellite switch unchanged PCI scenario, and details shall wait for more RAN2 input
Proposal 8: RAN4 assume that it can be left to UE implementation to determine which direction shall SMTC window shifting follow when two satellites with opposite motions are within one single SMTC and there is no necessity to introduce further RRM enhancement 
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1. Overall description
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]In RAN2#121 meeting, location-based cell measurement initiation is supported in earth-moving cell and the measurement rules of quasi-fixed cell will be reused for moving cell scenario. UE will initiate measurements when its location to serving cell reference location is larger than the configured distance threshold. 
However, from RAN4 perspective, with the exception of the conditions of measurement initiation, the time identifying neighbor cell and measuring RSRP/RSRQ also should be guaranteed before the serving cell stops covering the area. It can be assessed by providing the coverage information to UE to calculate the distance from its location to the edge of serving cell and further assess whether all the neighbour cell measurement can be completed before UE leaves the coverage area of serving cell.
Thus, RAN4 would like to kindly ask RAN2 to provide the coverage information of serving cell to UE.
1. Actions
To TSG RAN2
ACTION: RAN4 respectfully asks RAN2 to take analyses mentioned above into account and provide the coverage information of serving cell to UE 
1. Dates of next TSG RAN WG4 meetings
TSG RAN WG4 Meeting #108-bis		              9 – 13 October 2023			Xiamen, China
TSG RAN WG4 Meeting #109		              13 – 17 November 2023		Chicago, US
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