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Introduction
In this contribution, our views on the mobility enhancement impact on RRM requirement are provided. 
NTN-TN and NTN-NTN cell reselection enhancements
NTN-TN cell reselection enhancements – location based triggering
Regarding TN coverage provision, whether to define UE behavior when the UE is out of TN coverage, as discussed in WF [3]: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.


In our understanding, the TN network coverage is provided with frequency association. Thus, for a given frequency, the NTN UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage.
[bookmark: _Ref142405673]Proposal 1: For a given frequency, the NTN UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage on that frequency.

Another discussion on whether to define the cell reselection requirement from TN-to-NTN (UE originally camped on TN), as discussed in WF [3]:· 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).


One of major consideration would be the UE power consumption, as the TN-camped UE is required to keep tracking on the NTN cells/frequency, and it would waste UE power if the cell is not used at all. Besides, it may also delay the measurements on the TN cells, since the measurement resources will be shared. In our understanding, it could be resolved by setting the NTN frequency with lower priority, comparing with the TN frequency priority, to reuse the unnecessary measurements. However, how to address the UE power consumption in requirements needs more discussion. 
[bookmark: _Ref142405677]Proposal 2: FFS whether to specify RRM requirement on TN-to-NTN reselection.

NTN-NTN cell reselection enhancements for earth moving cell
Regarding the location-based triggering cell-reselection, the necessity of the coverage information of serving cell was discussed in WF [3]: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 the current RAN2 running CR on 38.304 [4], the measurement rules for cell re-selection is excerpted as below: -	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ:
-	If distanceThresh and referenceLocation/referenceLocationInfo are broadcasted in SIB19, and if UE supports location-based measurement initiation and has obtained its location information:
-	If the distance between UE and the serving cell reference location referenceLocation/referenceLocationInfo is shorter than distanceThresh, the UE may not perform intra-frequency measurements;
…
referenceLocation/referenceLocationInfo
This indicates the reference location of the serving cell to be used in location-based measurement initiation.


It can be observed the location based cell selection is based on the reference location of the serving cell, which is necessary to be provided for this feature. 
[bookmark: _Ref142405669]Proposal 3: The reference location of the serving cell is necessary for location-based cell re-selection.

The following agreements on earth-moving are agreed in RAN2#121 [1]
Agreements:
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

Agreements:
1. 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. 

The following agreements on earth-moving are agreed in RAN2#121b [2]
[bookmark: _Hlk134534117]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.
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.

It can be observed that, for earth-moving cell, RAN2 agreed the location-based triggering cell measurement rules of quasi-fixed cell is reused. Thus, from RRM requirement’s point of view, the existing location-based triggering cell reselection requirements can apply to the earth-moving cell deployment. 
[bookmark: _Ref118374994][bookmark: _Ref124344551][bookmark: _Ref126232029][bookmark: _Ref130909846][bookmark: _Ref134625776]Observation 1: RAN2 agreed for earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused. Time-based cell reselection criteria is not pursued in R18.
[bookmark: _Ref130909859]Proposal 4: For earth-moving cell, location-based triggering cell reselection requirements can reuse the existing requirements for quasi-fixed cell as a starting point.
NTN-NTN handover enhancements
RACH-less (C)HO
In RAN4 #107 meeting, the RRM requirements for RACH-less (C)HO was discussed in WF [3]: 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 support of RACH-less HO assumed the UL timing accuracy in Table 7.1C.2-1 of TS 38.133 applies to the first UL transmission, as discussed in RAN1 LS (R1-2213001) and RAN4 LS reply (R4-2303239) in March 2023. 
The one of the most challenging scenarios would be the inter-satellite, as the provided assistance information from network should be sufficiently accurate, in order to keep the overall timing error is within UL timing error budget of CP/2 (including Te_NTN, TAC resolution, TA adjustment accuracy). 
In other words, the timing sycn-ness between satellites should be ensured by network, and the UE should be provided with sufficient time to sync up with the target satellite, with provided sufficiently accurate Ephemeris and common TA (i.e. ta-Info) of the target satellite. 
[bookmark: _Ref142405701]Observation 2: For inter-satellite RACH-less handover, sufficient accuracy Ephemeris and Common TA of target cell should be provided to the UE, to ensure the UL transmission is received within CP/2 design target. Besides, those assistance information from network should be sufficiently accurate.
[bookmark: _Ref142405715]Proposal 5: For RACH-less (C)HO, requirements apply provided the sufficiently accurate Ephemeris and Common TA of target cell are provided to the UE. 

Satellite switching without PCI change
In our understanding, although the PCI is unchanged, the timing of cells could be different. Thus the cell detection time is still required. The requirement of beam management, e.g, Requirements for TCI switch can be a starting point. 
[bookmark: _Ref142405719]Proposal 6: The cell detection time is considered for satellite switching without PCI change. Requirements for TCI switch can be a starting point.
Summary
The observations and proposals in this contribution are summarized:
Proposal 1: For a given frequency, the NTN UE is not required to perform neighbour cell measurements for TN neighbour cells in an area where there is no TN network coverage on that frequency.
Proposal 2: FFS whether to specify RRM requirement on TN-to-NTN reselection.
Proposal 3: The reference location of the serving cell is necessary for location-based cell re-selection.
Observation 1: RAN2 agreed for earth-moving cell, the location-based cell measurement rules of quasi-fixed cell is reused. Time-based cell reselection criteria is not pursued in R18.
Proposal 4: For earth-moving cell, location-based triggering cell reselection requirements can reuse the existing requirements for quasi-fixed cell as a starting point.
Observation 2: For inter-satellite RACH-less handover, sufficient accuracy Ephemeris and Common TA of target cell should be provided to the UE, to ensure the UL transmission is received within CP/2 design target.
Proposal 5: For RACH-less (C)HO, requirements apply provided the sufficiently accurate Ephemeris and Common TA of target cell are provided to the UE.
Proposal 6: The cell detection time is considered for satellite switching without PCI change.
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