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Introduction
In RAN4# 102 a WF on NTN RRM measurement requirements was approved [1]. In this contribution we develop topics on measurement requirements which were agreed to continue study in RRM measurement part in the WF.
Discussion

Issue 3-1-3: Capability on the number of Measurement Carriers/Cells/SSBs
In last meeting, the following agreements are achieved:
	Agreement:
· Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is 3 including serving CC
· the number of NTN and TN carriers UE needs to monitor is 7 including serving CC
· Requirements do not apply to VSAT UE
· the number of SSB beams UE needs to monitor per carrier is 8
· For LEO,
· the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite
· introduce UE capability for the number of target satellites the UE can monitor per carrier including serving LEO satellite, which can be up to [X].
· (note) A value of X will be de determined in performance requirement development phase. Candidate values are 4 and 6.



Regarding discussions in last meeting, the decision of number of target LEO satellites depends on proper satellites allocation in SMTCs. One of hypothetical scenario is that derivation of number 4 is based on assumptions of 2 SMTC and 2 satellites per SMTC (UE capability in parallel receiving from multiple satellites). Furthermore, if UE has optional 4 SMTCs capability, it’s reasonable the supported number of target LEO satellites shall be increased proportionally. But directional doubling the number of satellites from 4 satellites to 8 satellites, provided 4 SMTCs and 2 satellites per SMTC, may bring up heavy overhead on UE. Therefore, the number of 6 target LEO satellites is rational to be supported by UE what has 4 SMTCs capability.
Proposal 1:  Introduce UE capability on the number of target satellites the UE can monitor per carrier including serving LEO satellite: 4 for UE supporting 2 SMTC; 6 for UE supporting 4 SMTC.

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
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· If each SMTC associated with mixed type of satellites: TBD
· Introduce the following scheduling restriction cap as applicability condition for the requirements
· Measurement requirements is not applicable when overall overhead ratio due to scheduling restriction caused by all configured SMTCs (e.g. scheduling restriction overhead of all SMTCs in one periodicity / SMTC periodicity) is larger than [X]%
· (note) A value of X will be determined in performance requirement development phase. One of candidate values is 75.




More than one satellite per SMTC can improve flexibility of network implementation and mobility robustness in some critical cases. As the support of more than one satellite can be decided by UE’s capability (‘Parallel measurement of LEO in one SMTC’ in Issue NTN UE capability), it doesn’t impact those UE which only can support one satellite per SMTC.
Another issue was raised in last meeting: if UE can know the configured satellites in one SMTC. To our understanding, SIBxx provides neighbor satellites’ ephemeris data and there are discussions in RAN2 to add cell ID to setup mapping between cell and satellites’ ephemeris. Meanwhile, measurement object contains cell ID and SMTC index. By combing this data, UE will be able to determine how many satellites are configured per SMTC. 
Proposal 2: Support Option 1c, and we only shall define single satellite type scenario in Rel-17.

Issue 3-1-4C: Measurement with multiple SMTCs (Item-3: SSBs fully or partially contained SMTC)
	· 	For UE in RRC Idle/Inactive mode:
· UE measures SSBs within a UE autonomously time-shifted SMTC based on obtained information from NW, if applicable
· FFS whether and how to define corresponding delay requirement



Proposal 3:  If UE autonomously time-shifted SMTC can capture SSB correctly when side condition is met, we suppose present delay requirement shall be baseline or start point for time-shifted SMTC.


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. 




Following up on the discussion at the last meeting, we list a use case in Figure 2 that the priority rule should address. In terms of NTN characteristics, MG1 and MG2 have the same periodicity but a different offset, and the offset between them meets the proximity condition. If only the priority rule is used in this scenario, MG1 has no chance of being measured. To avoid the consequence, there are a few options for mitigation:
1: Always set longer periodicity of one of or both MGs, to ensure two MGs can be measured. The drawback is that network configuration is restricted and even when 20ms MGRP are configured, the practical effective MGRP is 40ms. On the contrary, if two MGs are 160ms periodicity, no longer periodicity can be valid.
2: Network configuration restriction. the drawback is the gapoffset configuration is somewhat restricted. In Figure 3, assuming 4ms MGL, the union of 2 MGs and proximity condition is 4+4+4=12ms, it lefts headroom to set MG gapoffset is left or right 2ms for MG1, if assuming MG2 is fixed. It will be worse if considering both headroom of MG1 and MG2 simultaneously. To mitigate the issue, network configuration is restricted, e.g. some MG configurations aren’t allowed.



[bookmark: _Ref100255024]Figure 4 Proximity condition between 2 MGs




[bookmark: _Ref100317226]Figure 5 Avoid proximity condition, headroom of gapoffset is restricted
3. Replace the two MGs to one long MG. The drawback is data loss is numerous, the part between two MGs cannot be scheduled.
In view of the foregoing analysis, we believe that a scaling rule should be used to ensure MG configuration flexibility.
4. Different from concurrent MG WI, priority among satellites is vague, especially the satellites type is same. The criteria to prioritize one and deprioritize another one is unclear. 
Proposal 4: Sharing rule shall be applied independently or together with priority rule. 

Answer to RAN2 LS R2-2204114
	1. Overall Description:
In NR NTN WI, aiming to address the issues associated with the different/larger propagation delays with different satellites, RAN2 has agreed that the network can configure up to 4 SMTCs on one frequency layer to be used in parallel, if the UE supports.

Also considering the coordination between NR NTN WI and MGE WI, RAN2 has agreed “In NR NTN, RAN2 follows the restriction on the maximum number of gaps that could be configured simultaneously for each gap type (per-UE /per-FR1/per-FR2) confirmed in MGE WI”, i.e., at most 2 concurrent measurement gaps for each gap type can be supported in NR NTN.

In MGE WI, for concurrent gaps RAN4 indicates in LS R4-2115343 that “one frequency layer can only be associated to a single MG”. But for NTN, in gap-assisted scenarios, in order to support up to 4 SMTCs associated to one frequency, RAN2 would like to ask RAN4 the following question:

Is it feasible/possible, for NR NTN, that one frequency layer can also be associated to both concurrent measurement gaps with the same gap type?




As we proposed and discussed in last meeting, we suppose more than one MGs in NTN can be on same frequency layer, which is the difference from MGE WI, otherwise, performance of measurements with gap is degraded seriously.
Proposal 5: One frequency layer can also be associated to both concurrent measurement gaps with the same gap type.

Issue: measurements and mobility between NTN and TN
In RAN4# 103e, there are two agreements on measurements between NTN and TN:
	Issue 3-1-3: Capability on the number of Measurement Carriers/Cells/SSBs
Agreement:
· Define the following common measurement capability requirements for all scenarios:
· the number of NTN carriers UE needs to monitor is 3 including serving CC
· the number of NTN and TN carriers UE needs to monitor is 7 including serving CC
· Requirements do not apply to VSAT UE
· the number of SSB beams UE needs to monitor per carrier is 8



	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 RAN4# 102e, there are two agreements on measurements between NTN and TN:
	Issue 1-2-1: TN-NTN RRM requirements for RRC Connected mode
Conclusion:
•	It is recommended to skip this high-level discussion unless any critical issues are identified.



In last meetings, several agreements are captured in WFs, the discussions on number of NTN and TN carriers and NTN UE mobility within FR1 between NTN and TN may cause misunderstanding that TN-NTN RRM requirements are agreed in WI and in Rel-17. 
Proposal 6: Agreements on number of NTN and TN carriers UE needs to monitor doesn’t introduce TN-NTN RRM requirements.  NTN UE mobility within FR1 between NTN and TN shall be precluded in Rel-17.

Summary

Proposal 1:  Introduce UE capability on the number of target satellites the UE can monitor per carrier including serving LEO satellite: 4 for UE supporting 2 SMTC; 6 for UE supporting 4 SMTC.
Proposal 2: Support Option 1c, and we only shall define single satellite type scenario in Rel-17.
Proposal 3:  If UE autonomously time-shifted SMTC can capture SSB correctly when side condition is met, we suppose present delay requirement shall be baseline or start point for time-shifted SMTC.
Proposal 4: Sharing rule shall be applied independently or together with priority rule.
Proposal 5: One frequency layer can also be associated to both concurrent measurement gaps with the same gap type.
Proposal 6: Agreements on number of NTN and TN carriers UE needs to monitor doesn’t introduce TN-NTN RRM requirements.  NTN UE mobility within FR1 between NTN and TN shall be precluded in Rel-17.
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