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Introduction
NTN RRM requirements for measurement were discussed in RAN4#102-e, and the outcomes are captured in the WF [1]. Based on [1] the following issues are to be further discussed:
· Measurement capability
· Scaling factor for measurement period
· SSBs fully or partially contained SMTC
· Measurement gap
In this paper we will provide our views on the above issues for NTN measurement. In addition, there is one LS from RAN2 [2] related to MG, and we will address the LS when discussing the MG issue. 
Discussion
Measurement capability
	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
· 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.


The remaining issue for NTN measurement capability is the exact number of LEO satellites that a UE should be able to monitor for an advanced UE capability, and the candidate values are 4 or 6.
We suggest to choose the value 4 as in typical deployments 4 is sufficient. As different LEO satellites may be associated with different Doppler frequency, defining the value as 6 means UE needs to be prepared to receive 6 signals with different frequency, which will increase the complexity.
Proposal 1:  For LEO, 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= [4].
Scaling factor for 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:
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§ 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.


We support option 1c in principle as it is a more accurate definition of the measurement period as has been discussed in email reflector during RAN4#102-e, especially for the case with overlapping SMTC and more than one LEO satellites in one or more SMTC.
There are two points that we want to address with option 1c.
One point is the mixed LEO and GEO on the same carrier. In the definition of K2 in option 1c, it is assumed that LEO and GEO could be deployed on the same carrier, and at least can be measured with different SMTC (TBD if they can be measured in the same SMTC). However, in our view, such deployment is unlikely and may cause additional UE complexity since the measurement behaviour for GEO and LEO may not be same due to time and frequency drift in LEO. Therefore, we suggest to define K2 separately for GEO and LEO.
Proposal 2: Adopt updated option 1c to defining scaling factor for measurement period.
· If SMTCs do not overlap with each other, a scaling factor of measurement period is K1
· , if GEO satellites are measured on the carrier
· , if LEO satellites are measured on the carrier
· If SMTCs partially overlap with each other, a scaling factor of measurement period is K2
· , if GEO satellites are measured on the carrier
· , if LEO satellites are measured on the carrier
· 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.
SSBs fully or partially contained SMTC
	Issue 3-1-4C: Measurement with multiple SMTCs (Item-3: SSBs fully or partially contained SMTC)
Agreement:
· For UE in RRC Connected mode:
· No requirements are expected for SSB outside of 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


We discussed the remaining issue for the IDLE/INACTIVE in our companion paper [3], and the proposal is re-produced below for convenient. 
Proposal 3: Delay requirements for IDLE/INACTIVE apply for GEO. Delay requirements for IDLE/INACTIVE apply for LEO provided that only one non-serving satellite is to be measured per carrier.
Proposal 4: Discuss in the Perf part under which conditions UE is required to correctly determine the SMTC offset based on the ephemeris of target satellite.
Measurement gap
	___Issue 3-1-6: Measurement Gap
Agreements (from first round GTW)
· UE capability for the maximum number of supported MGs
· NTN UE can support either one MG or two MGs subject to UE capability
· Note: the decision can be revisited in case it is identified that the agreement contradicts to RAN2 design
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. 


Proximity condition 
We suggest to re-use the proximity condition from concurrent MG, i.e. 4ms
In [1] the following is agreed for SMTC overlapping, and we think same can be used for MG overlapping.
	· A condition of SMTC collision
· Two SMTC occasions in parallel are defined as colliding (overlapping) if the 2 SMTCs are partially overlapping in time domain or the minimum distance is less than [4]ms.


Association between MG and frequency layer 
In concurrent MG, NW is expected to provide the association between MG and frequency layer, and we believe this should be followed also in NTN. In concurrent MG the limitation is that one frequency layer can be only associated to one MG, and the following question is also asked by RAN2 in LS [2].
	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?


In NTN due to support of multiple SMTCs per carrier, it could happen that more than one MG is needed for measurement of one carrier, and in this case it should be supported that one frequency layer is associated to more than one MGs. We think the limitation for concurrent MGs can be removed for NTN.
Collision handling 
We support option 3, i.e. re-use the priority rule from concurrent MG, with the condition that UE does not expect to be configured with fully overlapping concurrent MGs. Comparison between priority and sharing rule has been discussed a lot in concurrent MGs, and we think with same measurement delay performance the former can provide better throughput since UE is expected to Tx/Rx data during dropped MG occasions. Also the standardization efforts can be minimized since the signaling is supported already. 
Proposal 5: For NTN measurement with more than one MGs 
· The proximity condition for defining MG collision is 4ms as for concurrent MGs
· The collision handling is based on priority rule as for concurrent MGs
· One frequency layer can be associated with more than one MG.
A draft LS to RAN2 based on Proposal 5 is provided in Annex. 
Conclusions
In this paper we provided our views on measurement issues for NTN RRM.
Proposal 1:  For LEO, 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= [4].
Proposal 2: Adopt updated option 1c to defining scaling factor for measurement period.
· If SMTCs do not overlap with each other, a scaling factor of measurement period is K1
· , if GEO satellites are measured on the carrier
· , if LEO satellites are measured on the carrier
· If SMTCs partially overlap with each other, a scaling factor of measurement period is K2
· , if GEO satellites are measured on the carrier
· , if LEO satellites are measured on the carrier
· 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.
Proposal 3: Delay requirements for IDLE/INACTIVE apply for GEO. Delay requirements for IDLE/INACTIVE apply for LEO provided that only one non-serving satellite is to be measured per carrier.
Proposal 4: Discuss in the Perf part under which conditions UE is required to correctly determine the SMTC offset based on the ephemeris of target satellite.
Proposal 5: For NTN measurement with more than one MGs 
· The proximity condition for defining MG collision is 4ms as for concurrent MGs
· The collision handling is based on priority rule as for concurrent MGs
· One frequency layer can be associated with more than one MGs.
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1. Overall Description:
RAN4 thanks RAN2 for the information in R2-2204114. 

RAN4 discussed the association between frequency layers and measurement gaps for NTN, and concluded that for NTN measurement one frequency layer can be associated with more than one MGs. In addition, RAN4 also concluded that the collision handling between multiple MGs is based on priority rule as for concurrent MGs.

RAN4 respectfully asks RAN2 to take the above information into account for the work in measurement gaps enhancements for NTN. 

2. Actions:
To RAN2:
RAN4 respectfully asks RAN2 to take the above information into account for the work in measurement gaps enhancements for NTN. 

3. Date of Next TSG-RAN4 Meetings:
RAN WG4 Meeting #104-e		Aug. 22 – Aug. 26, 2022		Toulouse, France
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