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1 Introduction
The latest WID [1] has been updated and approved in the RAN plenary RAN#99 meeting. The objectives of Rel-18 NTN enhancement are described in [1] including: 
	4.1.1	Coverage enhancement
4.1.2	NR-NTN deployment in above 10 GHz bands
[bookmark: OLE_LINK1]4.1.3	Network verified UE location
4.1.4	NTN-TN and NTN-NTN mobility and service continuity enhancements


In last RAN4#106 and RAN4#106bis-e meeting, we analyzed some potential impact to RRM requirements related to the above objectives but no more discussion due to lack of time. In this contribution, we provide our further consideration of RRM impacts of R18 NTN enhancement. 
2 Discussion
Firstly, the objectives are divided to four areas. 
For Coverage enhancement:
	· To specify PUCCH enhancements for Msg4 HARQ-ACK (e.g. repetition) [RAN1, RAN4]
· To specify if necessary, enhancements to the Rel-17 procedures for DMRS bundling for PUSCH taking into account NTN-specifics (e.g. time-frequency pre-compensation) [RAN1]


There is no consensus which captured in [4] as below:
	Coverage enhancement
· No agreement.


In RAN1’ discussion, PUCCH for Msg4 HARQ-ACK and PUSCH DMRS bundling are discussed. 
For PUCCH for Msg4 HARQ-ACK, by checking latest agreements in RAN1#112bis-e, it may impact to UE performance requirements but no impact to RRM requirements. 
For PUSCH DMRS bundling, RAN1 discussed the timing error/frequency error/phase difference limits and LS to RAN4 was approved in [5]. In general, no new RRM requirements are needed. The only item is RAN4 should check whether to update the applicability of TA pre-compensation in 7.1C.1.
Proposal 1: For objective of coverage enhancement, no RRM requirements for PUCCH enhancements. For PUSCH DMRS bundling, in general, no new RRM requirements are needed. The only item is RAN4 should check whether to update the applicability of TA pre-compensation in 7.1C.1.

For NR-NTN deployment in above 10GHz:
In last RAN4#106bis meeting, RAN4 has already discussed general impacts such as numerologies, etc. 
As we mentioned in previous meetings, the Rel-17 50m GNSS positioning accuracy cannot be used in SCS 120kHz or larger. 
In the agreements in last meeting:
	Issue 2-1: Numerologies in NR-NTN above 10 GHz bands
Agreement:
· RAN4 to consider the following numerologies for RRM requirement definition for NR-NTN above 10 GHz bands:
· Consider SSB SCS larger than 30kHz, i.e. 120kHz and 240kHz
· Consider UL SCS larger than 30kHz, i.e. 60kHz and 120kHz
· RAN4 to send an LS to RAN1 and RAN2

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.


It is agreed that the total positioning error should be tightened for higher SCS deployments. 
From the WID description:
	· Both “VSAT” (Very Small Aperture Terminal) devices with directive antenna (including fixed and moving platform mounted devices) and commercial handset terminals (e.g. Power class 3) are supported in FR1
· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.


Observation 1: For the same UE, we think the GNSS positioning accuracy should be the same if there is only one GNSS receiver. If UE have multiple GNSS receiver, it can support multiple GNSS positioning accuracies.
It can be observed that VSAT can work in both FR1 and above 10GHz. If less than 50m will be used in above 10GHz. It should be based on advanced GNSS capability or UE type.
Proposal 2: For tightened positioning error, it should be based on advanced GNSS capability or UE type. 
Another big impact in above 10GHz band is the RX beam sweeping. 
As the common understanding, the current TN FR2 band is based on TDD system and RX beam sweeping it widely used in TN legacy FR2 RRM requirements. 
Observation 2: The current TN FR2 band is based on TDD system and RX beam sweeping it widely used in TN legacy FR2 RRM requirements.
But it might be quite different in NTN scenarios due to different UE types. 
In the WID [1]:
	· Only “VSAT” devices with directive antenna (including fixed and moving platform mounted devices) are supported in above 10 GHz bands.


In above 10GHz, VSAT with directive antenna will be supported. It is quite different from the legacy UE which can perform RX beam sweeping. 
Observation 3: In above 10GHz, VSAT with directive antenna will be supported. It is quite different from the legacy UE which can perform RX beam sweeping.
Observation 4: For NTN UE with parabolic antennas, it is hardly to perform RX beam sweeping as legacy FR2 TN UE. The beam is mechanical scanned for different directions. The rotation speed affects severely for time related RRM requirements. 
Observation 5: For NTN UE with phase antenna array, it might perform different RX beams. But the range may be different as legacy FR2 TN UE. The legacy RX beam sweeping cannot be reused.
In RF session, both parabolic antennas and phase antenna array are not precluded until now. If RF session has the final conclusion to include both of them or any of them, we need to discuss RRM requirements based on the antenna types. 
Proposal 3: For all RRM requirements in above 10GHz, RAN4 needs to discuss further by using different antenna types. Need further conclusions in RF session.

For NTN-NTN cell reselection enhancements:
In the WF [4] of last RAN4 meeting, it is listed as below:
	Issue 4-1: NTN-NTN Cell reselection enhancements for earth moving cell
Issue 4-1-A: Time-based cell reselection in earth moving cell NTN deployments
· No agreement.

Issue 4-1-B: For location-based cell reselection in earth moving cell NTN deployments
Agreement:
· For location-based cell reselection in earth moving cell NTN deployments:
· Whether the coverage information of serving cell is (absolutely) necessary:
· No consensus in the group on whether serving cell coverage information is absolutely necessary.
· Consider further progress and conclusion from RAN2, if any
· Whether and to what extent restrict the use of the values of DRX cycle:
· FFS: Do not further restrict DRX cycle beyond Rel-17 NR NTN.

Issue 4-1-C: whether and how to manipulate Kcarrier in Ttrigger
· No agreement. Further discussion in May meeting for “earth moving cell” and “quasi-earth fixed cell.”



In RAN2#121bis-e meeting, the agreements are captured as below:
Agreements:
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.
1. For earth-moving cell, new IE is introduced to indicate the reference location of serving cell.
1. For cell (re)selection in earth-moving system, a distance threshold is introduced for location-based measurement initiation, which reuses distanceThresh in SIB19.
1. For cell (re)selection in earth-moving system, time-based measurement initiation is used to address feeder-link switch case.
1. Time-based cell reselection criteria is not pursued in R18.
From the agreements, it can be observed that location-based measurements will be applied in Rel-18 earth-moving system. Time-based measurement initiation is used to address feeder-link switch case.
Proposal 4: RAN4 should update the RRM requirements in 4.2C.2 for time-based measurement initiation for earth-moving scenario. For location-based cell reselection criteria, wait for further RAN2 progress. 

For NTN-TN cell reselection enhancements:
In the WF [4] of last RAN4 meeting, it is listed as below:
	Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
· No agreement. Wait for further progress from RAN2. Companies can provide further analyses in the next meeting as usual. The analyses and discussions may depend on the following aspects:
· The direction of cell reselection, e.g. from TN to NTN, from NTN to TN
· The type of satellites, e.g. GEO, GSO, NGSO
· The type of NTN cell deployment, e.g. earth fixed cell vs. earth moving cell
· Accuracy of TN coverage information provided by NTN cell. 
· Whether assistance information of neighbour NTN cells ( e.g. ephemeris data, frequency layer and PCI) provided by serving TN cell is mandatory in terms of RRM requirement definition/applicability


Firstly, we think when the serving cell is TN cell or NTN cell, the cell reselection procedures are quite different. The applicable RRM requirements for cell reselection should be different. 
Proposal 5: Define different cell reselection requirements when the serving cell is TN cell or NTN cell. Separate NTN-TN and TN-NTN cell reselection.
In RAN2#121bis-e meeting, the agreements are captured as below:
	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

Agreements via email – from offline 106:
1. 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
1. 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.

Agreements online:
1. 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
1. The acquired TN area coverage information remains valid until the next system information update of the SIB including TN coverage info
Working assumption:
We do not introduce new triggers making the UE reacquire the TN coverage information from SI




It can be observed TN area coverage will be introduce to TN-NTN cell reselection. 
Proposal 6: TN area coverage can be used to skip neighbor cell measurement when serving cell is NTN. For others, need further RAN2 progress. 

For NTN-NTN HO enhancements
In the WF [4] of last RAN4 meeting, it is listed as below:
	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.




For RACH-less HO, RAN2 121bis-e agreements are captured as below:
Agreements via email – from offline 109:
1. NTN RACH-less HO is supported for Intra-satellite handover with the same feeder link. i.e., with same gateway/gNB;
1. 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.
1. 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
4.	The pre-allocated grant is provided as type-1 CG
5.	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


Agreements online:
1. 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
1. 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.

The RACH-less HO delay can be specified as the maximum RRC procedure delay plus the interruption time. For the TIU in current NTN HO delay requirements, it is specified as:
-	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 [x] ms. SSB to PRACH occasion associated period is defined in the table 8.1-1 of TS 38.213 [3].
It should be updated for first PUSCH transmission. But the relationship for PUSCH resource and SSB are not so clear at this time in RAN1. We prefer to update the TIU value after further RAN1/RAN2 progress. 
Proposal 7: The RACH-less HO delay can be specified as the maximum RRC procedure delay plus the interruption time. For the TIU in current NTN HO delay requirements, should be updated for first PUSCH transmission. For the exact value of TIU, we prefer to update after further RAN1/RAN2 progress. 
3 Conclusion
In this contribution, we provide our consideration of some potential RRM impact for Rel-18 NTN enhancement LS from RAN1 and our proposals are:
Proposal 1: For objective of coverage enhancement, no RRM requirements for PUCCH enhancements. For PUSCH DMRS bundling, in general, no new RRM requirements are needed. The only item is RAN4 should check whether to update the applicability of TA pre-compensation in 7.1C.1.
Observation 1: For the same UE, we think the GNSS positioning accuracy should be the same if there is only one GNSS receiver. If UE have multiple GNSS receiver, it can support multiple GNSS positioning accuracies.
Proposal 2: For tightened positioning error, it should be based on advanced GNSS capability or UE type. 
Observation 2: The current TN FR2 band is based on TDD system and RX beam sweeping it widely used in TN legacy FR2 RRM requirements.
Observation 3: In above 10GHz, VSAT with directive antenna will be supported. It is quite different from the legacy UE which can perform RX beam sweeping.
Observation 4: For NTN UE with parabolic antennas, it is hardly to perform RX beam sweeping as legacy FR2 TN UE. The beam is mechanical scanned for different directions. The rotation speed affects severely for time related RRM requirements. 
Observation 5: For NTN UE with phase antenna array, it might perform different RX beams. But the range may be different as legacy FR2 TN UE. The legacy RX beam sweeping cannot be reused.
Proposal 3: For all RRM requirements in above 10GHz, RAN4 needs to discuss further by using different antenna types. Need further conclusions in RF session.
Proposal 4: RAN4 should update the RRM requirements in 4.2C.2 for time-based measurement initiation for earth-moving scenario. For location-based cell reselection criteria, wait for further RAN2 progress.
Proposal 5: Define different cell reselection requirements when the serving cell is TN cell or NTN cell. Separate NTN-TN and TN-NTN cell reselection.
Proposal 6: TN area coverage can be used to skip neighbor cell measurement when serving cell is NTN. For others, need further RAN2 progress. 
Proposal 7: The RACH-less HO delay can be specified as the maximum RRC procedure delay plus the interruption time. For the TIU in current NTN HO delay requirements, should be updated for first PUSCH transmission. For the exact value of TIU, we prefer to update after further RAN1/RAN2 progress.
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