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1. Introduction
At RAN4#106bis-e meeting, RAN4 had a general discussion about Rel-18 NTN including NTN-NTN mobility, NTN-TN mobility, RACH-less handover and NR-NTN deployment in above 10 GHz. Based on the latest agreements from RAN2, we will continue to provide our views on these aspects in more details in this meeting.
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#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.

For location-based measurement initiation 
In terms of coverage information, we proposed in the last meeting and there have some issues related to this information raised from companies. Here we would like to provide our views and further clarify our initial thinking on how to utilize this information by UE.
· Issue 1: Whether the coverage information of serving cell is necessary? 
According to the RAN2 conclusions in RAN2#121 meeting, location-based cell measurement initiation is supported in earth-moving cell. UE initiates measurements when its location to serving cell reference location is larger than the configured distance threshold. The parameters including the serving cell reference location and a distance threshold/radius would broadcast for earth-moving cell. Based on this initiation criterion, UE can clearly know when to initiate cell reselection measurement.
However, 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. 
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
· Issue 2: Whether the discussion of coverage information belongs to RAN4 issue or RAN2 issue?
From RAN2 perspective, similar as the mechanism defined in Rel-17, they mainly focus on designing the mechanism to specified the initiation way of cell re-selection measurement with the working assumption that the distance threshold has already been properly configured. However, there is so far no mechanism to prevent measurements from triggering too late when the network is configured with inappropriate distanced threshold. 
If we turn to the time-based measurement criteria for fixed cell case, we can easily find that all the discussion related to Ttrigger was in RAN4 and the corresponding clarification was also eventually captured in RAN4 spec. Naturally, for the discussion to introduce the similar principle on how to guarantee that the measurement could be completed before the cell stops covering for location-based measurement in moving cell, it also needs to be firstly identified and initiated from RAN4 side.
On the other hand, regarding the issue whether we need to continue waiting for RAN2 to introduce this parameter, upon the latest agreements concluded in RAN2#121bis-e meeting, we can firstly know that the serving satellite ephemeris and epochTime will be provided to UE for deriving the moving trajectory of serving cell. Based on this information, UE can clear know how the reference location moves over time and further calculate the distance between the serving cell reference location point and its own position in real time. This conclusion is exactly the solution to the issues left in RAN2#121 meeting which information is inform the UE how the reference location moves over time and it can be derived from other information (e.g. Epoch time and ephemeris). From this perspective, generally RAN2 has already drawn the whole picture of the solution to location-based initiation for moving cell reselection measurement. From RAN2 perspective, they are not unlikely to discuss and introduce any new parameters which is helpful for UE finishing measurement in time, other than those that help improve accuracy of measurements. 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.
· Issue 3: The type of coverage information on moving cell (e.g., cell radius or any other types)
According to the agreement for NTN-TN enhancements concluded in RAN2#121bis-e meeting below, the type of TN coverage is defined as the way that centre location coordinates + radius. Therefore, based on this conclusion, maybe we can refer this way to describe the NTN cell coverage. 
	Agreements: 
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



Proposal 3: The coverage information on earth-moving cell is defined using centre location coordinates + radius as the way defined for TN coverage in NTN-TN mobility.
· Issue 4: How to utilize the coverage information to specify requirements on location-based cell reselection measurement for moving cell scenario?
As we mentioned in issue 1, coverage information is uesd 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 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.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For time-based measurement initiation 
Upon the conclusions from RAN2, for moving cell case defined in Rel-18, time-based measurement initiation will be used in feeder-link switch case. For this part, the details are still being discussed in RAN2. RAN4 can wait further for RAN2 conclusions.
Proposal 4: RAN4 to wait for more conclusions from RAN2 on for time-based measurement initiation in earth-moving cell case.
2.2 NTN-TN mobility enhancements
In the last three meeting, RAN2 drew some conclusions including the type of TN cell geographical area information and signaling design.
RAN2#119e
Agreements:
1. RAN2 to work on a solution so that measurements for TN’s coverage are performed only when relevant (FFS what relevant means). 

RAN2#119bis-e
Agreements:
1. To enhance NTN-TN cell reselection, means are defined for a UE to 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.
2. UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
3. The method of detecting the transmission energy or SIB presence to determine the NTN coverage when a UE currently camps on a TN cell is not pursued.

RAN2#120
Agreements:
1. RAN2 will first continue the investigation on the details of the TN coverage data (e.g. accuracy requirements for describing where TN network(s) is/are available) and UE storage overhead before deciding how to send the information to the UE.
2. Continue the discussion on whether to introduce explicit indication to identify TN cells from inter-frequency list and inter-RAT frequency list (FFS on the granularity) or whether we rely on implicit information.

RAN2#121
1. TN coverage area information will be associated to the frequency information.
2. RAN2 adopts explicit description of geographical TN area, and focuses on the following options for further discussion, taking the signalling overhead into account (FFS on the accuracy of the information):
	Option 1: The corresponding geographical area information is provided by network with location coordinates of area center and radius.
	Option 2: a boundary line is provided by network in the format of a list of location coordinates, additionally an indication can be used to indicate which side is the TN side
	Option 6: for each TN area, a list of locations is provided by network, and the corresponding close shape could be illustrated by a polygon connecting these points within the list.
3.	As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
4.	Also based on the signalling overhead of the broadcast solution, RAN2 will further consider the option that UE-specific update can be optionally be provided via dedicated signalling, overriding the broadcast configuration (FFS if via RRC or higher layers. FFS on the validity time, if provided by RRC)
5.	We don’t introduce 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

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
Working assumption:
1. We do not introduce new triggers making the UE reacquire the TN coverage information from SI

Based on the guidance agreed in the past few meetings from RAN2, the TN geographical area information is introduced to judge whether UE is at the coverage of TN cells. The cell reselection measurements on TN cells are only performed when the distance between UE and the edge of TN cells is smaller than threshold, which is similar as the location-based measurement initiation rule. From RAN4 perspective, we can firstly agree on the basic principle as shown below and FFS on how to capture it in RAN4 spec.
· For cell reselection measurement for NTN-TN scenario, when the distance between UE and the center location of TN cells is larger than distance threshold, then UE may not perform measurement of TN cells.
Proposal 5: For NTN-TN mobility, When the distance between UE and the center location of TN cells is larger than distance threshold, then UE is not required to perform measurement of TN cells. 
And for the TN-NTN scenario, based on the discussion from RAN2, if a frequency band number is shared by TN and NTN (e.g., n1), and NTN-specific assistance information is NOT provided for a neighbour cell configured in SIB3/SIB4, UE assumes this is a TN neighbour cell, which will not bring any changes of spec updates. From this perspective, we suggest to regard from NTN to TN mobility as the basic case and deprioritize TN-NTN case in Rel-18.
Proposal 6: For NTN-TN mobility, the direction of cell reselection firstly focus on from NTN to TN mobility. 
2.3 RACH-less handover for NTN
As for NTN RACH-less handover, RAN2 confirms the general UE procedure in the last meeting as shown below. 
RAN2#121bis-e
1. In Rel-18 we don’t aim at RACH-less HO for NTN-TN mobility
2. For initial UL transmission in RACH-less HO, support pre-allocated grant in RACH-less HO command
3. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
4. NTN RACH-less HO can be supported for intra-satellite handover with different feeder links, i.e., with gateway/gNB switch, inter-satellite handover with gateway/gNB switch, and inter-satellite handover with same gateway/gNB.
5. RAN2 confirms the general UE procedure for NTN RACH-less HO 
	1.	receive a RACH-less HO command which can include pre-allocated grant optionally. FFS N_TA is optional. (RRC)
	2.	start timer T304 for the target cell (RRC)
	3.	perform DL and UL synchronization, and start timer T430. FFS how to perform RACH-less UL synchronization to NTN target cell. (RRC, MAC)
	4.	start time alignment timer (MAC)
	5.	monitor target cell PDCCH for dynamic grant if pre-allocated grant is not configured in RACH-less HO command (MAC, PHY)
	6.	send initial UL transmission including RRCReconfigurationComplete message using the available UL grant (RRC, MAC, PHY)
	7.	consider RACH-less HO is completed upon receiving NW confirmation. FFS how to confirm RACH-less HO is successfully completed. (RRC, MAC)
	8.	stop timer T304 for the target cell. (RRC)
	FFS whether to release UL grant if pre-allocated after RACH-less HO completion
	FFS RACH-less HO failure handling, e.g. whether UE fallback to RACH-based HO to the target cell
	FFS procedure for RACH-less HO combined with PCI unchanged or CHO if supported
6.	The pre-allocated grant is provided as type-1 CG
7.	Send an LS to RAN1 informing RAN2 agreements on NTN RACH-less HO and check RAN1 views on the following aspects:
	1. whether the pre-allocated grant is provided with association to SSBs; if so, whether a RSRP threshold is configured for SSB selection.
	2. to monitor target cell PDCCH for dynamic grant for initial UL transmission, whether beam indication can be provided in RACH-less HO command.
	3. power control for initial UL transmission
8.	At least for pre-allocated grant, for the confirmation of RACH-less HO completion we reuse of LTE approach, i.e., UE Contention Resolution Identity MAC CE is used but UE ignores the content of this field. FFS if anything else is needed for dynamic grant
9.	Consider to support combining RACH-less HO with time-based CHO for NTN, taking into account the 1) validity of pre-allocated grant and potential waste of reserved resource; 2) when/how to provide dynamic grant in PDCCH.

From the agreements we can know that, all the four possible cases which have ever been discussed in RAN4#106 meeting are supported in RAN2. For these cases, RAN4 needs to investigate from the following aspects on how to make the adjustments based on RACH-less LTE HO requirements. For the known/unknown conditions, we prefer to use 5s for known condition since even for the non-GSO satellite with high speed, the size of cell usually is relatively large and the previous measured timing is still valid to determine UL transmission of PUCCH/PUSCH. Regarding the fine time tracking, if we refer to the current requirements on SCG activation for RACH-less based, we can see that the part T∆ is also remained to acquire full time information of known target PSCell. Therefore, in our understanding, the fine time tracking is always necessary regardless the target cell is known or unknown in RACH-less handover for NTN case. In additions to these two aspects, after checking the requirements on handover for NTN, we would like to point out the Tprocessing is also necessary for RACH-less handover in NTN case, which is the time for UE processing. 
	Issue 5-1: RACH-less (C)HO
Agreement:
· RAN4 to define RACH-less NTN HO requirements based on the RACH-less LTE HO requirements. NR and NTN specific adjustments shall be made. The adjustments to investigate may include:
· FFS on known/unknown condition
· FFS on necessity of fine time tracking if target cell is known
· FFS on others if identified
· Note: some aspects would need to wait for further RAN2 progress.



Based on the analysis on each part for RACH-less NTN HO requirements, it can be found this procedure is more similar as the handover for NTN requirements compared with the RACH-less LTE HO requirements. Therefore, RAN4 could consider to use NR SAN handover requirements as the baseline when defining RACH-less NTN HO requirements and further check if there are changes to be updated correspondingly. 
Proposal 7: RAN4 to use NR SAN handover requirements as the baseline to define RACH-less NTN HO requirements and further check if there are changes to be updated correspondingly
2.4 NR-NTN deployment in above 10 GHz
	Issue 2-2: UE UL Timing Accuracy Requirements for higher UL SCS than 30kHz in NR-NTN above 10 GHz bands
Agreement:
· The assumption of the maximum total positioning error due to UE location and Satellite position estimation error shall be tightened compared to the assumption of the existing Rel-17 NR NTN.
· The exact values and required conditions will be further discussed/determined in the future meetings.
· Alternatives can be further discussed, e.g. ECP (only for 60kHz SCS), limiting UL SCS, limiting SSB SCS, limiting UE mobility, etc.
· Note: the above “maximum total positioning error due to UE location and Satellite position estimation error” will not be specified in the requirement but it’s only used as an assumption to derive the UE Tx timing requirement.



In the last meeting, RAN4 determined the potential aspects on defining UL Timing Accuracy Requirements for higher UL SCS than 30kHz in NR-NTN above 10 GHz bands, including to tighten the maximum total positioning error and introduce ECP as the alternative synchronization solutions for NTN. For the former solution, it requires higher positioning accuracy which may be hard for UE implementation to meet the requirements. From this perspective, we prefer to adopt ECP for further study and not to tighten the maximum total positioning error.
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: The coverage information on earth-moving cell is defined using centre location coordinates + radius as the way defined for TN coverage in NTN-TN mobility.
Proposal 4: RAN4 to wait for more conclusions from RAN2 on for time-based measurement initiation in earth-moving cell case.
Proposal 5: For NTN-TN mobility, When the distance between UE and the center location of TN cells is larger than distance threshold, then UE is not required to perform measurement of TN cells. 
[bookmark: _GoBack]Proposal 6: For NTN-TN mobility, the direction of cell reselection firstly focus on from NTN to TN mobility. 
Proposal 7: RAN4 to use NR SAN handover requirements as the baseline to define RACH-less NTN HO requirements and further check if there are changes to be updated correspondingly
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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		21st – 25th Aug 2023		
TSG RAN WG4 Meeting #108bis	9th – 13rd Oct 2023		
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