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Introduction
RRM requirements for mobility enhancements in NTN are discussed in RAN4#107 and the outcomes are captured in [1]. Based on [1] the following issues need to be further discussed.
· Cell reselection enhancements 
· HO enhancements
In this paper we will provide our views on RRM requirements for mobility enhancements in NTN.
Discussion
Cell reselection enhancements 
NTN-NTN cell reselection for earth moving cell
	Issue 4-1-A: Time-based cell reselection in earth moving cell NTN deployments
· No agreement.


In May, RAN2 made the following agreements related to time triggered cell reselection measurement.
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
In our view, use of t-Service is same as for earth fixed cell as in R17, i.e. it is the same when the current serving cell will stop serving the area. In R17 UE is required to complete the measurement before t-Service provided that UE receives the SIB Ttrigger before t-Service, and same requirement can be reused.
Proposal 1: RAN4 to define requirements for time triggered cell reselection measurement for earth moving cell, and the R17 requirements for earth fixed cell are used as baseline.
	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


In April, RAN2 agreed the following related to location based measurement triggering.
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.
In last meeting, two issues, definition of reference location and distance margin, are raised. In our view, the two issues are valid and related to each other, i.e. to define the distance margin for the requirements, the ideal reference location needs to be defined. On the other hand, we believe those issues are more related to Perf part and does not impact the core requirements, and for Core part the R17 requirements for earth fixed cell can be reused for earth moving cell.
Proposal 2: RAN4 to discuss the definition of reference location and distance margin for location triggered cell reselection measurement in earth moving cell in the Perf part of the WI.
	Issue 4-1-C: whether and how to manipulate Kcarrier in Ttrigger
· No agreement.


In last meeting some companies suggest to define additional requirements related to Ttrigger. 
In our understanding, the proposal is to define prioritization of measurements when the time from t0 to t-Service is shorter than current Ttrigger, where t0 is the time when UE receives SI related to t-Serivce. For example, UE should prioritize measuring the detected cells or performing cell search on the intra-frequency layer in such a case. 
The proposed prioritization or optimization can already be done by UE implementation without spec change. With the additional requirements, such prioritization will be mandated. Although we can understand the motivation, we suggest to de-prioritize this optimization. On one hand, this optimization is not included in the WI scope, and there are already a lot of mobility related enhancements being discussed in RAN2 and RAN4, in addition to other objectives which may have large RAN4 impacts. On the other hand, it is preferred to leave the flexibility to UE implementation to decide which cells or layers are prioritized in the concerned scenario. 
Proposal 3: De-prioritize additional requirements related to Ttrigger.
TN-NTN cell reselection
	Issue 4-2: NTN-TN Cell reselection enhancements (to reduce UE power consumption)
Agreement:
· FFS: RAN4 to define RRM requirements on TN-to-NTN reselection.
· RAN4 to agree to reuse same side condition of assistance information for neighbour NTN cells from R17 WF R4-2207114.
· Additional side conditions can be added, as needed, and the conditions may depend on satellite types (GSO vs. non-GSO) and/or NTN cell deployments for non-GSO (earth-fixed vs. earth-moving cell).


We suggest not to define RRM requirements on TN-to-NTN reselection.
The main motivation of TN-to-NTN cell reselection is to allow UE to camp on an NTN cell when there is no TN coverage. This is a case which happens very infrequently, i.e. only at the border of TN coverage, so the necessity of the requirements is not strong. Even without cell reselection requirements, UE would still perform blind search on the NTN carriers similar to cell selection. The latency (for camping on an NTN cell) may or may not be longer compared to cell reselection (reselection measurements are based on DRX), and the latency is anyway not a critical issue for Idle mode. Besides, NTN measurement requires TN serving cell to broadcast satellite ephemeris, which is not supported so far. 
RAN4 agreed to define RRM requirements on NTN-to-TN cell reselection, and in our view, it is different from TN-to-NTN and has a clear motivation. Although the actual NTN-to-TN cell reselection is also an infrequently case, the NTN-to-TN measurement is not. Since TN is prioritized over NTN in cell reselection, UE is supposed to always measure TN carriers when camped on NTN cell. When there is no TN coverage, such measurements will waste a lot of UE power, so it is meaningful to define reasonable requirements to allow UE power saving. RAN2 agreed to support NTN cell to provide TN coverage info, and RAN4 should define requirements to capture this feature. 
Proposal 4: RAN4 not to define RRM requirements on TN-to-NTN reselection.
	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.
Agreement:
· RAN4 to not define accuracy of TN coverage information provided by NTN cell.


First, for NTN-to-TN cell reselection, the existing TN-to-TN cell reselection requirements can be reused as baseline, as in both cases the measurement target is TN. 
In May, RAN2 made the following agreements related to NTN-to-TN cell reselection. In particular, UE is not required to perform neighbour cell measurements for cell reselection for a TN frequency in the area, where there is no coverage of that frequency, regardless of the frequency priority.
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
As discussed above, RAN2 agreed to support NTN cell to provide TN coverage info. When this info is broadcasted by the NTN serving cell, the requirements should apply only when UE is within TN coverage.
In last meeting some companies proposed to study the measurement behaviour to deal with inaccuracy of TN coverage info. We think it is a valid issue. Even UE is in the TN coverage area based on the broadcasted TN coverage info, it is possible that UE is actually outside TN coverage because the TN coverage info can be coarse and inaccurate. In this case, it makes sense to allow UE to stop TN measurement if UE cannot detect a TN cell for a time period. The same applies when TN coverage info is not provided, in which case UE is supposed to always perform measurement on TN carriers configured for cell reselection. 
Proposal 5: For NTN-to-TN cell reselection, existing TN requirements are used as baseline,
· If TN coverage information is provided, requirements apply only when UE is within TN coverage
· UE is allowed to stop measuring TN frequency if no TN neighbor cell is detected for a time period, details are FFS.
NTN-NTN cell reselection for power saving
	Issue 4-3: NTN-NTN Cell reselection enhancements (to reduce UE power consumption)
· No agreement.


In last meeting some companies propose to study relaxed cell measurements for NTN-NTN reselection. 
For GEO and LEO fixed cell, we already have location triggered measurement in Rel-17, where UE is not required to measure when it is close to a reference location. Also, we have the relaxed measurement from Rel-16 TN. We assume there are enough tools to reduce power consumption.
For LEO moving cell, the coverage time would be short compared to fixed cell, and there are proposals to further restrict the DRX cycles. In this sense, we do not see the motivation to further relax the measurement since the mobility budget is already tight.
Proposal 6: De-prioritize additional requirements for relaxed measurement for NTN-NTN cell reselection.
NTN-NTN cell reselection with SMTC shifting
In RAN#100 the following new objective is added to the WID [2].
	· 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)


The issue was raised in last RAN4 in [3] for R17 NTN maintenance, but it was found that resolving it may require RAN2 signaling, so it is added to the scope of R18 NTN.
The issue is when one SMTC is associated with multiple cells served by different satellites. 
[bookmark: _Hlk141966068]SSB-MTC4List-r17::=                 SEQUENCE (SIZE(1..3)) OF SSB-MTC4-r17
SSB-MTC4-r17 ::=             SEQUENCE {
    pci-List-r17                 SEQUENCE (SIZE (1..maxNrofPCIsPerSMTC)) OF PhysCellId                          OPTIONAL,  -- Need M
    offset-r17                   INTEGER (0..159)
}
When different satellites are moving in different directions, they may require SMTC to be shifted in different directions, e.g. to measure cells served by satellite #1, UE needs to advance the SMTC by 1ms, while to measure cells served by satellite #2, UE needs to postpone the SMTC by 1ms. UE should shift the timing of the SMTC window based on the DL timing of cells associated. Advancing SMTC may result at UE being unable to measure the cells served by satellite #2, and vice versa. 
The question is in which direction UE should shift SMTC in this case. In our view, it is reasonable that UE follows the DL timing of one specific cell for SMTC shifting. We are open to discuss how this specific cell is determined, e.g. a straightforward way is that NW indicates which cell’s timing to follow.
Proposal 7: UE follows timing of one specific cell for autonomous SMTC shifting when multiple cells are associated to the same SMTC. FFS how the specific cell is determined. 
HO enhancements
RACH-less (C)HO
	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.


Looking into the LTE RACH-less HO requirements in 36.133, the change is in the definition of TIU, compared to normal LTE HO. Following the same principle and based on the agreements last meeting, the formula and other parameters in the requirements like Tsearch, Tprocessing, T∆ and Tmargin can be simply re-used from the R17 NTN HO. TIU can be defined as the uncertainty in acquiring the first PUSCH (instead of first PRACH) transmission occasion.
Proposal 8: For RACH-less HO, Tsearch, Tprocessing, T∆ and Tmargin are re-used from the R17 NTN HO requirements. TIU is defined as the uncertainty in acquiring the first PUSCH transmission occasion.
HO for satellite switching without PCI change
	Issue 5-2: HO for satellite switching without PCI change
· No agreement.


In April meeting, RAN2 promoted the working assumption of supporting of satellite switching without PCI change to an agreement, and asked RAN1 if there are any major technical issues.
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)
2. Remove the part in brackets “as usual RAN2 will aim at minimizing the specification impact so that it fits in Rel-18” in the LS to RAN1. The action to RAN1 will also ask for feedback for the hard satellite switch (not only the soft satellite switch case), e.g. action to RAN1 is to see if there are any major technical issues (as in the agreement).
In May meeting, RAN1 confirmed that there is no feasibility issue for hard switch case [4].
	RAN1 discussed the resynchronization of UE when hard switching, given that new common TA, K_mac, ephemeris and cell-specific K-offset are applied during resynchronization to new satellite.
From RAN1 perspective, no feasibility issue is identified for hard satellite switching without PCI change.


Based on the RAN1/2 conclusions, RAN4 should define requirements for satellite switching without PCI change at least for hard switch scenario. We suggest to use existing HO requirements as baseline and further discuss adaptations. 
One adaptation is in the starting point. HO procedure starts from the reception of HO command, for satellite switching without PCI change there would be no HO command, instead RAN2 agreed that UE needs to know the time the UE attempts to re-synchronize. We understand this time point can be used as the starting point of the procedure, and details can be FFS depending on RAN2 conclusion.
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). 
Another adaptation is related to Tsearch. In hard switch scenario, UE cannot measure the target cell before the time for attempting to re-synchronize. Following known condition in the existing HO requirements, the target cell would be considered as unknown, so Tsearch is always non-zero. We are open to discuss if there is some case where cell search can be skipped (Tsearch can be zero).
Yet another adaptation is related to Tprocessing. Since from UE side, satellite switching without PCI change can be seen as a re-synchronization procedure without cell change, the processing time for cell change as in legacy HO requirements can be saved. We understand Tprocessing can be shortened and are open to discuss whether it can be fully removed.
Proposal 9: RAN4 to define requirements for satellite switching without PCI change at least for hard switch scenario. HO requirements are re-used as baseline with following adaptations.
· FFS the starting point of the procedure
· FFS if Tsearch is always non-zero
· FFS if Tprocessing can be shortened or removed
Group-based HO for signalling overhead reduction
	Issue 5-3: Group-based HO for signalling overhead reduction
· No agreement. Wait for further progress from RAN2.


In May meeting RAN2 did not agree to support group based HO, so we suggest RAN4 to wait before discussing the requirements. 
Agreements:
· Come back to the proposal to broadcast the target cell’s servingCellConfigCommon (as common (C)HO signalling) after feedback from RAN3
· Send al LS to RAN3 asking whether, in case target cell’s servingCellConfigCommon is broadcast in the source cell (as common (C)HO signalling), the target cell’s servingCellConfigCommon can be transferred to the source cell in the inter-gNB HO case in R18
· Group handover related to P1~P4 from R2-2304736 is not supported in Rel-18.
Proposal 10: RAN4 to wait for further progress from RAN2 on group-based HO before discussing the requirements.
[bookmark: _GoBack]Location based CHO enhancements for earth moving NTN cell
	Issue 5-4: Location based CHO enhancements for earth moving NTN cell
· No agreement. Wait for further progress from RAN2.


In May meeting RAN2 did not make agreement related to location based CHO enhancements for earth moving cell, so we suggest RAN4 to wait before discussing the requirements. 
Proposal 11: RAN4 to wait for further progress from RAN2 on location based CHO for moving cell before discussing the requirements.
Conclusions
In this paper we provided our views on RRM requirements for mobility enhancements in NTN.
Proposal 1: RAN4 to define requirements for time triggered cell reselection measurement for earth moving cell, and the R17 requirements for earth fixed cell are used as baseline.
Proposal 2: RAN4 to discuss the definition of reference location and distance margin for location triggered cell reselection measurement in earth moving cell in the Perf part of the WI.
Proposal 3: De-prioritize additional requirements related to Ttrigger.
Proposal 4: RAN4 not to define RRM requirements on TN-to-NTN reselection.
Proposal 5: For NTN-to-TN cell reselection, existing TN requirements are used as baseline,
· If TN coverage information is provided, requirements apply only when UE is within TN coverage
· UE is allowed to stop measuring TN frequency if no TN neighbor cell is detected for a time period, details are FFS.
Proposal 6: De-prioritize additional requirements for relaxed measurement for NTN-NTN cell reselection.
Proposal 7: UE follows timing of one specific cell for autonomous SMTC shifting when multiple cells are associated to the same SMTC. FFS how the specific cell is determined. 
Proposal 8: For RACH-less HO, Tsearch, Tprocessing, T∆ and Tmargin are re-used from the R17 NTN HO requirements. TIU is defined as the uncertainty in acquiring the first PUSCH transmission occasion.
Proposal 9: RAN4 to define requirements for satellite switching without PCI change at least for hard switch scenario. HO requirements are re-used as baseline with following adaptations.
· FFS the starting point of the procedure
· FFS if Tsearch is always non-zero
· FFS if Tprocessing can be shortened or removed
Proposal 10: RAN4 to wait for further progress from RAN2 on group-based HO before discussing the requirements.
Proposal 11: RAN4 to wait for further progress from RAN2 on location based CHO for moving cell before discussing the requirements.
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