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1 Introduction
The Rel-18 WI on NTN enhancement has been approved in [1], and several objectives in the WID have RAN4 involvement. In last meeting, RAN4 mainly discussed RAN1 LS [2] on RACH-less handover in NTN and the reply LS was agreed in [3] and other open issues are captured in the WF [4]. 
In this paper, we have some discussions on the possible RRM impact based on the agreed WF and give our views. 
2 Discussion
2.1 NR-NTN deployment in above 10 GHz bands
	· Study and identify NTN example band: Analysis of regulations and adjacent channel co-existence scenarios. The example band shall be identified early in the WI. Additional bands can be introduced in a release-independent manner. [RAN4]
· Specify Rx/Tx requirements for satellite access node and different VSAT UE class (not only 60 cm aperture) as appropriate for the identified example band [RAN4]
· Identify values for physical layer parameters chosen from the existing FR1 and FR2 sets. The following set of parameters to specify, but not necessarily limited to, are listed.as follows [RAN4]:
· time relationship related enhancement (e.g. K_offset)
· subcarrier spacing for different UL/DL signals/channels
· PRACH configuration index for FDD above 10 GHz.


In R17 NTN, the RF and RRM requirements are defined for FR1 only. And for this objective of NR NTN deployment above 10GHz bands, RF session is discussing the example band and the system parameters. Based on the latest conclusion in RF session, the R18 NTN operating bands are defined as below: 
	NTN operating band
	UL
Earth-to-Space
	DL
Space-to-Earth

	n5121
	27.5 - 30.0 GHz
	17.3 - 20.2 GHz

	n5112
	28.35 - 30.0 GHz
	17.3 - 20.2 GHz

	n5103
	27.5 - 28.35 GHz
	17.3 - 20.2 GHz


The frequency range of UL is within FR2 and DL is neither within FR1 nor FR2 but is close to FR2. So the RRM requirements for R18 NTN should be further studied and defined. Comparing to the RRM requirements in FR1, the Rx beam sweeping for Ka band may be different which will impact the measurement requirements and mobility requirements (cell reselection, handover etc.). And since the DL and UL are within different FRs, the timing requirements should also be further considered. 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70]Proposal 1: RAN4 to define RRM requirements for NTN in above 10GHz bands. Existing requirements for FR1 are used as baseline, and at least following aspects are considered
· Rx beam sweeping 
· New timing requirements
· Cell reselection
· Handover
· Conditional handover
· Random access
· BFD/RLM
2.2 NW verified UE location
	Based on RAN1 conclusions of the study phase, RAN to prioritize the specification of necessary enhancements to multi-RTT to support the network verified UE location in NTN assuming a single satellite in view [RAN1, 2, 3, 4]. DL-TDoA methods for verification may be considered as lower priority and if time permits and condition in Note is satisfied.

Note 1: Enhancements assume reuse of the RAT dependent positioning framework
Note 2: The specification of DL-TDOA enhancements will be subject to the study of the impact of realistic UE clock drift onto DL-TDOA performance
Note 3: The target accuracy for position verification purposes is as documented in clause « recommendations » of the 3GPP TR 38.882 (i.e. 10 km granularity)
Note 4 : Multiple satellite in view by the UE may be considered if time allows
Note 5 : The enhancements may be subject to relevant SA WGs (e.g. SA3/SA3-LI) feedbacks on the reliability of UE reports involved
Note 6 : The enhancements should take into account the mirror-image ambiguity
Note 7 : Network verified UE location is an optional UE feature


Based on the RAN study, the objective on the enhancement to Multi-RTT to support the network verified UE location in NTN was included in the WID. The objective is to specify Multi-RTT in NTN. From RAN4 perspective, we need to define the requirements including measurement delay and accuracy. Straightforwardly, the existing requirements for TN can be the starting point. 
In R17, the measurement delay and accuracy requirements are defined for UE Rx-Tx time difference which can be the baseline for NTN with some specific aspects. For example, the timing requirements for NTN are different from TN system which may impact the measurement accuracy. Also due to the large propagation delay, the measurement for receive timing may also be impacted. And the side condition and channel model evaluation should be discussed which may take the NR NTN RRM measurement as baseline. 
For the measurement delay requirements, the signal transmission mechanism and the UE processing capability should be discussed in RAN1/2 firstly. 
In R17, the measurement accuracy requirements are also defined for gNB Rx-Tx time difference. But we think whether it is still needed in NTN should be further considered. 
Proposal 2: RAN4 to define measurement delay and accuracy requirements for UE Rx-Tx time difference measurement to support the network verified UE location in NTN by taking the existing TN requirements as starting point. 
Proposal 3: RAN4 to wait for further RAN1/2 progress to define the measurement delay requirements for UE Rx-Tx measurement in NTN. 
Proposal 4: RAN4 to discuss the accuracy requirements for UE Rx-Tx in NTN considering at least the following aspects: 
· Side condition
· Channel model
· Number of samples

2.3 Mobility enhancements
	This work considers existing methods from NR TN as well as outcome of Rel-17 NR NTN WI outcome as baseline for NTN-TN mobility.

· Specify NTN-TN and NTN-NTN measurement/mobility and service continuity enhancements [RAN2,RAN3,RAN4]
· For NTN-NTN mobility, specify cell reselection enhancements for earth moving cell, the timing based and location-based cell reselection for quasi-earth fixed cell in Rel-17 can be considered as the starting point. [RAN2, RAN3, RAN4]
· Specify NTN-NTN handover enhancement for RRC_CONNECTED UEs in the quasi-earth-fixed cell and earth-moving cell to reduce the signalling overhead. [RAN2, RAN3]
· Specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption (NTN-TN mobility is prioritized). [RAN2, RAN3, RAN4]
· Study and, if needed, specify enhancement to Xn[/NG] signalling to support feeder link switch-over, CHO, e.g. exchange of necessary information between gNBs. [RAN3]


There are several sub-objectives for RAN4 in mobility enhancements. The first one it to specify cell reselection enhancement for earth moving cell taking the requirements for quasi-earth fixed cell in R17 as baseline. For this objective, RAN2 has the following agreement in last meeting: 
	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.


Based on the conclusions in RAN2, location-based cell measurement is supported and uses the same rules of quasi-fixed cell. RAN4 needs to define the measurement requirements for location based cell reselection and wait for more progress from RAN2 for time based cell reselection. 
Proposal 5: RAN4 to define requirements for location based cell reselection for earth moving cell and wait for more progress for time based cell reselection. 
The second sub-objective is to specify cell reselection enhancements for RRC_IDLE/INACTIVE UEs to reduce UE power consumption. And RAN2 has the following agreements: 
	Agreements:
1.	TN coverage area information will be associated to the frequency information.
Agreements:
1.	As a baseline, broadcast signalling is used to provide the information on the TN coverage area for UEs supporting NTN.
2.	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)
Agreements:
1.	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. 


It was agreed that the TN coverage area information will be provided by broadcast signaling and associated to the frequency information. With this information, UE may reduce the measurement on TN carrier when it is not within the TN coverage. RAN4 needs to define the cell reselection requirements for the case when UE is outside the TN coverage. 
Proposal 6: RAN4 to define the cell reselection requirements for the case when UE is outside the TN coverage. 
For NR NTN handover enhancement, RAN2 has the following agreements: 
	Agreements:
1.	Support RACH-less Handover in Rel-18.
2.	RACH-less Handover in NR NTN is a L3 mobility procedure (FFS if this is combined with the unchanged PCI approach, if supported) and uses the LTE’s RACH-less Handover procedure as a baseline. FFS on TA acquisition
3.	In NTN RACH-less handover, network indicates (implicitly or explicitly) whether NTA in the target cell is identical to the source cell or explicitly provided by the NW.
4.	Support dynamic grant from the target cell for RACH-less PUSCH transmission to reduce random access congestion in the target cell. FFS whether to limit the solution to same feeder link/gateway scenario


In last meeting, RAN4 agreed that the timing requirements in 7.1C can be used for first transmission of the target cell but there are no existing requirements for RACH-less handover. Based on RAN2 agreement, RACH-less handover is supported as L3 mobility procedure. So RAN4 needs to define the requirements for RACH-less handover taking existing handover requirements as baseline but exclude the time for acquiring PRACH occasion. 
Proposal 7: RAN4 to define the requirements for RACH-less handover taking existing handover requirements as baseline but exclude the time for acquiring PRACH occasion. 
3 Summary
In this paper, we have some discussions on possible RRM impact for NTN enhancement, the following observations and proposals are given: 
Proposal 1: RAN4 to define RRM requirements for NTN in above 10GHz bands. Existing requirements for FR1 are used as baseline, and at least following aspects are considered
· Rx beam sweeping 
· New timing requirements
· Cell reselection
· Handover
· Conditional handover
· Random access
· BFD/RLM
Proposal 2: RAN4 to define measurement delay and accuracy requirements for UE Rx-Tx time difference measurement to support the network verified UE location in NTN by taking the existing TN requirements as starting point. 
Proposal 3: RAN4 to wait for further RAN1/2 progress to define the measurement delay requirements for UE Rx-Tx measurement in NTN. 
Proposal 4: RAN4 to discuss the accuracy requirements for UE Rx-Tx in NTN considering at least the following aspects: 
· Side condition
· 
· Channel model
· Number of samples
Proposal 5: RAN4 to define requirements for location based cell reselection for earth moving cell and wait for more progress for time based cell reselection. 
Proposal 6: RAN4 to define the cell reselection requirements for the case when UE is outside the TN coverage. 
Proposal 7: RAN4 to define the requirements for RACH-less handover taking existing handover requirements as baseline but exclude the time for acquiring PRACH occasion. 
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