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[bookmark: _Ref481671177]Introduction
In this paper, our view on general RRM measurement requirements is provided, including measurements with multiple LEO satellites and UE capability, multiple measurement gaps, and TN-NTN mobility in CONNECTED mode. 
Measurement with multiple LEO satellites and UE capability
To address multiple SMTCs and multiple LEO satellites with Doppler shifts, the Option 1a and 1c are proposed in the last meeting [1] and both options have considered the number of SMTCs and number of LEO satellites within the SMTC. Option 1c is more precise in our understanding thus we can support. 
Regarding the case that each SMTC associated with mixed type of satellites, since different GEO satellites within one SMTC will have the same Doppler shift, so further scaling is not needed and the proposed K2 in Option 1c is sufficient to cover this case. 
[bookmark: _Ref101352739]Proposal 1: Support Option 1c for the scaling factor of measurement period. 

[bookmark: _Hlk97048797]___Issue 3-1-4B: Measurement with multiple SMTCs (Item-2: Scaling factor)
Agreement:
· When UE is configured with multiple SMTCs on the same measurement carrier (not more than UE capability),
· Option 1a:
· If SMTCs do not overlap with each other, a scaling factor of measurement period is
· Not needed, if only one LEO satellite is required to be measured within SMTC
· Proportional to the number of LEO satellite, if multiple  LEO satellites are required to be measured within SMTC
· If SMTCs partially overlap with each other, a scaling factor of measurement period is
· Proportional to the number of overlapping SMTCs, if only one LEO satellite is required to be measured within SMTC
· Proportional to (the number of overlapping SMTCs) x (the number of LEO satellite), if multiple  LEO satellites are required to be measured within SMTC.
· Option 1c:
· If each SMTC associated with same type of satellites:
§ If SMTCs do not overlap with each other, a scaling factor of measurement period is
·  If LEO satellite(s) is/are required to be measured within SMTC 
· Scaling factor of measurement period on SMTC i is K1:
[image: ]
§ If SMTCs partially overlap with each other, a scaling factor of measurement period is
·  If LEO and/or GEO satellite(s) is/are required to be measured within overlapped SMTCs
· Scaling factor of measurement period for overlapped SMTCs is K2
[image: ]
· If each SMTC associated with mixed type of satellites: TBD


Regarding the UE capability related to NR NTN, the capability of “Parallel measurements on multiple SMTC-s for a single frequency carrier” remains ambiguity, because the component states [different NGSO satellites] but not SMTCs. To our understanding, it needs to be changed to “2 or 4 SMTC-s”, while the UE capability regarding the number of NGSO satellites within one SMTC can be separately introduced. 


[bookmark: _Ref101785361]Proposal 2: Clarify the components of UE capability of “Parallel measurements on multiple SMTC-s for a single frequency carrier” from “different NGSO satellites” to be “2 or 4 SMTC-s”. 

We suggest to revise the draft UE capability as below: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-Y-1
	Parallel measurements on multiple SMTC-s for a single frequency carrier
	Support of measurements without scaling on target cells belonging to maximum of 2 or 4 different [NGSO satellites] SMTC-s
	
	yes
	no
	UE does not support NTN RRM measurements with multiple SMTC configurations
	[Per UE]
	FDD only
	FR1 only
	NA
	RAN2 recommendation is that UE is mandatory to support 2 and optional to support 4
	Optional with capability signalling




Besides, there are two listed items (as Issue 4-1-0 [1]) related to the measurements on multiple LEO satellites but not yet captured in the Capability/Feature table.  Issue 4-1-0: View collection for NTN UE Capability
Agreement:
· The following NTN UE capabilities will be defined as UE optional capability, and the details are subject to be further discussion in the next RAN4 meeting:
· Parallel measurement and normal operation
· Parallel measurement of LEO in one SMTC
· Support enhanced (e.g. TN HST) Idle/Inactive mode cell reselection requirements for LEO
· Perform measurements on more than one neighbor cells belonging to different satellites in parallel without scaling.
· Measurement for more than 2 LEO satellites per carrier (Up to [4 or 6] satellites)
· Support performing measurements on different numbers of target cells within multiple SMTCs on a single carrier
· Support 2 parallel measurement gaps
· Support performing measurements on cells belonging to different satellite as the serving cell at the same time with normal operations in serving cell


Because the scaling factor takes into account the number of LEO satellites within one SMTC, it is important to introduce the UE capability regarding the number of LEO satellites that UE can simultaneously measure. To our understanding, the number of LEO satellites can be known at both network and UE either explicitly or implicitly. If this is not implicitly signalled, it can still be implicated derived from the ephemeris provided in SIB. For example, if the cells with different ephemeris information, it can be seemed as different LEO satellites. 
[bookmark: _Ref101352743]Proposal 3: Introduce UE capability for the number of LEO/NGSO satellites that UE can simultaneously measure. The draft UE capability is provided below. 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-Y-1
	Parallel measurements on multiple [NGSO] satellites within a SMTC
	Support of simultaneously measurements on target cells belonging to different [NGSO satellites] within a SMTC
	
	yes
	no
	UE does not support simultaneously measurements with multiple  [NGSO satellites] within a SMTC
	[Per UE]
	FDD only
	FR1 only
	NA
	
	Optional with capability signalling



Measurement with concurrent multiple measurement gaps
Regarding multiple measurement gaps, whether to apply priority rules or scaling factor for the overlapped gaps has been discussed as Option 2 and Option 3 [1].  The benefit of Option 3 is to leverage the conclusion from concurrent MG. Since the MG fully overlapped has been seemed as invalid, we can support Option 3 to avoid the case that one of MG becomes useless. 
___Issue 3-1-6: Measurement Gap
Agreement:
· For UE supporting one MG
· Legacy MG will be used without any change
· For UE supporting two MGs
· Except the following aspects, outcome of on R17 concurrent MG item will be directly adopted
· Modification of MG Colliding/Proximity condition to [FFS]ms
· Exclusion of enhancement related to positioning application
· Exclusion of enhancement related to FR2
· [FFS] Limitation on association between MG and frequency layer
· Whether “ Scaling factor due to overlapping MG’” aspects will be introduced
· Option 2:
· Yes, it replaces “priority rule”
· Option 3:
· No, “priority rule” will be reused
· UE does not expect to be configured with fully overlapping concurrent MGs, i.e. it is an invalid concurrent MG configuration if a MG with a lower priority always overlaps with the other MG. 

[bookmark: _Ref101352752][bookmark: _Ref101354137]Proposal 4: Support Option 3 for UE supporting two MGs, i.e. reuse priority rule and fully overlapping concurrent MGs is an invalid configuration.  
NTN measurement requirement in CONNECTED mode
The applicability of HO requirements were discussed in the last meeting as in [1]. Issue 1-8-1-A: Requirements related to Signalling Characteristics (HO between FR1 and FR2)
Agreement:
· The following NTN UE mobility across different FRs is not supported
· NR FR2 – NR FR1 HO
· NR FR1 – NR FR2 HO
· NR FR2 – NR FR2 HO
· (Note) NTN UE mobility within FR1 between NTN and TN is not precluded

In addition, for the HO among FR1, whether to specify requirements between TN and NTN or not is not very clear. There are three cases: 
· Case 1: NR NTN FR1 – NR NTN FR1 HO 
· Case 2: NR TN FR1 – NR NTN FR1 HO 
· Case 3: NR NTN FR1 – NR TN FR1 HO 
Regarding Case 2 and Case 3, we are concerning about TN-NTN HO in CONNECTED mode, because network may not know the UE’s location, and the information exchange between TN and NTN are challenging, so it is not clear how network would know and configure the nearby TN frequencies and the corresponding TN MG/SMTC, which is time-varying from NTN’s perspective. Alternatively, the network can simply release the NTN UE from NTN and then UE will be able to camp on the TN network which can be set with higher priority. Therefore, the necessity of NTN-TN HO is not clear. Because the support of NTN-TN HO will increase UE implementation complexity to keep tracking on the big difference of Doppler/timing between the serving NTN and TN in CONNECTED mode, we suggest not to define the requirement for TN-NTN in CONNECTED (i.e., Case 2 and Case 3) until the necessity of TN-NTN in CONNECTED mode is confirmed. 
[bookmark: _Ref95686880]Observation 1: The necessity to support TN-NTN mobility in CONNECTED is unclear. The number of TN base station within NTN coverage is huge and it is not clear how the NTN network could configure the corresponding MG/SMTC for TN and the TN frequency nearby the NTN UE.
[bookmark: _Ref95686884]Observation 2: The support of NTN-TN HO will increase UE implementation complexity to keep tracking on the big difference of Doppler/timing between the serving NTN and TN in CONNECTED mode.
[bookmark: _Ref85719291][bookmark: _Ref92715064]Proposal 5: Clarify the applicability of the clause of “NR FR1 - NR FR1 Handover” NTN requirement is for NR NTN FR1 - NR NTN FR1. 
[bookmark: _Ref95686900]Proposal 6: The following NTN HO requirements are not applicable in Rel-17:
· Case 2: NR TN FR1 – NR NTN FR1 HO 
· Case 3: NR NTN FR1 – NR TN FR1 HO 
Conclusion
In this contribution, the general RRM measurement requirements for NTN have been discussed. The corresponding observations and proposals are listed as the following, 
Proposal 1: Support Option 1c for the scaling factor of measurement period.
Proposal 2: Clarify the components of UE capability of “Parallel measurements on multiple SMTC-s for a single frequency carrier” from “different NGSO satellites” to be “2 or 4 SMTC-s”.
Proposal 3: Introduce UE capability for the number of LEO/NGSO satellites that UE can simultaneously measure. The draft UE capability is provided below.
Proposal 4: Support Option 3 for UE supporting two MGs, i.e. reuse priority rule and fully overlapping concurrent MGs is an invalid configuration.
Observation 1: The necessity to support TN-NTN mobility in CONNECTED is unclear. The number of TN base station within NTN coverage is huge and it is not clear how the NTN network could configure the corresponding MG/SMTC for TN and the TN frequency nearby the NTN UE.
Observation 2: The support of NTN-TN HO will increase UE implementation complexity to keep tracking on the big difference of Doppler/timing between the serving NTN and TN in CONNECTED mode.
Proposal 5: Clarify the applicability of the clause of “NR FR1 - NR FR1 Handover” NTN requirement is for NR NTN FR1 - NR NTN FR1.
Proposal 6: The following NTN HO requirements are not applicable in Rel-17:
· Case 2: NR TN FR1 – NR NTN FR1 HO 
· Case 3: NR NTN FR1 – NR TN FR1 HO 
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