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1	Introduction
In RAN4# 101-bis-e 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.
2	Discussion
Issue 3-1: Multiple SMTCs and Measurement Gap

The issue related to UE capability regarding the number measurement cell groups is identified as follows:
	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 X (>[3]) including serving CC
· FFS for VSAT UE
· the number of SSB beams UE needs to monitor per NTN carrier is [8] (it also depends how many SMTC those SSBs are located in, e.g., if 8SSBs belongs to 4 SMTCs but UE can only support 2 SMTC, then cannot directly say 8SSBs are supported)
· Define the following addition measurement capability requirements for LEO
· Minimal requirements on the number of target satellites UE needs to monitor is [2] including serving LEO satellite if applicable. 
· Optional requirements on the number of target satellites UE needs to monitor is FFS, with respect to UE’s capability.



Proposal 1: The number of SSB beams UE needs to monitor per NTN carrier is [8]. The number must be fixed regardless of how the SSBs are assigned to different SMTCs. This number shall be minimal SSB beams capability UE can support, not relevant to SSB number per SMTC.



	Issue 3-1-4: Measurement with multiple SMTCs
Agreement:
· Item-1: Scheduling restriction
· Option 1: Scheduling restriction is always allowed for measurement of cells belonging to a different satellite than the serving cell if not fully confined within MG. No scheduling restriction for measurement of cells belonging to serving cell.
· Option 2: Same as Option 1, but only for the case where either serving or target measurement cells is LEO. Otherwise, no scheduling restriction is defined.
· Option 3: For both intra- and inter- frequency measurements, the UE uses measurement gaps; the UE is not required to measure the SSB-s unless the SSB-s are completely contained in the measurement gaps.
· Option 4: Please add yours, if any.
· Item-2: Scaling factor
· Option 1: When a measurement frequency is configured with multiple SMTCs with different offset values, the measurement frequency is treated as multiple independent measurement frequencies in terms of measurement period/interval and CSSF (Carrier Specific Scaling Factor) which represents the number of measurement carriers that share one cell search/measurement engine.
· Option 2: Different solutions in terms of whether and exact number of scaling factor for the following cases:
· Whether UE can measure multiple SMTCs within one periodicity, and how many SMTCs can be measured in parallel.
· If not all of them can be used by UE in parallel, whether or not UE and NW are in-sync in terms of which SMTCs will be in use at a given time 
· Option 3: When a measurement frequency is configured with multiple LEO satellites to measure, the number of LEO satellites is accounted in CSSF for connected mode and Kcarrier for idle/inactive mode.
· For all options, there can be more aspects to be taken into account, e.g. fully vs. partially overlapping SMTCs
· Item-3: SSBs fully or partially contained SMTC
· Wait for further progress from RAN2
· Item-4: Requirements when the number of configured SMTCs per Frequency layer is beyond UE capability
· Option 1: UE is not expected to be configured with more SMTCs than its capability
· Option 2: UE can be configured with more SMTCs than its capability. In such a case, requirements are FFS, e.g. not applicable or based on the worst case
· Different options can be adopted depending on UE RRC state.
· Item-5: Fully or partially colliding SMTCs
· Option 1: SMTCs on the same frequency do not overlap
· Option 2: Consider cases where MTCs on the same frequency can fully or partially overlap, and define same or different requirements for fully-, partially-, and non-overlapping cases.
· Option 3: Please add yours, if any.
· Item-6: Please add, if any.



Item-1: Scheduling restriction
Scheduling restriction on entire SMTC is expected when cells/satellites are not necessarily time synchronized. Therefore, configuration of SMTC and measurement gaps as part of the SSB search and overall synchronization procedure should at least also consider this case and the potential time offset between satellites. 
Upon multiple SMTCs, scheduling restriction may occupy all SMTCs in worst case. The total SMTC duration shall be limited when overhead of scheduling restriction becomes significant.
Proposal 2: 
1. [bookmark: _Hlk95296788]Scheduling restriction shall occupy full SMTC if at least one of LEO in the SMTC. For GEO, 	Scheduling restriction may be limited to [m] symbols before and after SSB symbols
2. Total scheduling restriction shall be limited, e.g. restricting number SMTC containing LEO. The detailed solution can be continued after issues on measurements on SMTC are clearer. 

Item-2: Scaling factor:
If Doppler shift among two LEO satellites can not be handled by UE simultaneously, the SMTC containing the two satellites can not be measured in one periodicity occasion. In this manner, scaling factor is the number of satellites. 
Proposal 3: 
In connected mode.  
· Scaling factor is maximal number of LEO in each overlapped SMTCs or one SMTC, if LEO satellites cannot be handled by UE simultaneously. 
· Otherwise, e.g. one LEO in one SMTC and total 4 SMTCs, scaling factor is 1. 
· The criteria to handle Doppler shift simultaneously can be determined by UE’s capability, assuming that ephemeris data is known by UE and situation of Doppler shift also is known.  
In idle mode, scaling factor can be 1+ [0.5]* (number of SMTCs-1)  for simplification purpose.

Item-3: SSBs fully or partially contained SMTC
Observation 1:  
· In connected mode, SSB is contained by SMTC fully. No requirements are expected for SSB outside of SMTC.
· In idle mode, it depends on how UE-based SMTC solution operates. but at least, certain SSBs may be outside of SMTC configured by network. RAN4 shall identify the differentiation on measurement delay from spec. 

Item-4: Requirements when the number of configured SMTCs per Frequency layer is beyond UE capability
Proposal 4: 
· In connected mode, UE is not expected to be configured with more SMTCs than its capability. But if it is configured, the solution can be same to idle mode. 
· In idle mode, UE can be configured with more SMTCs than its capability.  
· Option 1: UE may measure all configured SMTCs through extra measurement delay which is represented by a scaling factor = ratio (SMTC configured by network/SMTC supported by UE) 
· Option 2: UE may only measure SMTCs which number is same to its capability. The choice can be UE’s implementation or pre-defined.
· One of possibilities is that UE can perform Option1 to get the full picture of all SMTCs and turn to Option2 aiming to particular SMTCs, it’s UE’s implementation, but longer measurement time is expected from specification point of view.

Item-5: Fully or partially colliding SMTCs
Quote answers in reply LS by RAN2:R2-2201883 as follows:
	(Q4) Would configuring multiple SMTCs overlapping with each other in the time domain for the same measurement object be allowed? If yes, would the SMTCs be allowed to be activated concurrently?

RAN2 answer: Yes. All the configured SMTCs may overlap in time domain for the same measurement object and can be used in parallel. 

There will be optional UE capability reporting whether UE is able to use 4 SMTCs in parallel. RAN2 has decided that it is essential for UEs to support 2 SMTCs in parallel.



Proposal 5: Measurement can be performed concurrently when SMTC number is 2, regardless fully or partially contained SMTC.
Proposal 6: RAN4 can decide if concurrent measurement can be used for fully or partially contained SMTC when SMTC number is more than 2.  The answer is relevant to Item2-scaling factor, but concurrent measurements are allowed on fully or partially colliding SMTCs, despite of Doppler issue.

	Issue 3-1-6: Measurement Gap
Agreement:
· RAN4 to discuss Gap-based measurement including the following aspects in detail based on further progress made by RAN2 NTN and RAN4 Concurrent MG WI before RAN4#102 e-meeting starts:
· Maximal number of MG 
· Matching between SMTC and MG if applicable
· Proximity condition for overlapping
· UE behavior during colliding gap occasion
· RAN4 to discuss how MG deals with unalignment,e.g. edge of SMTC window may cross MGL, due to propagation delay offset/timing error between serving cell and neighbor cell.



An issue relevant to MG is that consideration of propagation delay in TN system may not cover NTN system sufficiently.  In one example, assuming 5ms windows of SS burst set of the serving cell and neighbor cells, NR measurement gap length 6ms shall include the below aspects at least:
•	RF switching time including RF switching- to and switching back
•	Propagation delay offset between serving cell and neighbor cell 
•	SSB window (5ms)
Whereas propagation delay offset only takes 33μs into account which aiming for 10km distance difference between serving cell and neighbor cell.
In NTN system, propagation delay offset between serving cell and neighbor cell, specially for inter-satellite, is in order of hundreds of μs or more. It is probable that present MG won't be able to adequately cover SMTCs correctly, e.g. 1ms between SMTC and MG are not enough to cover propagation delay offset. Furthermore, timing among different satellites isn’t always synchronized which also worsen accuracy of MG. 
As a result of the aforementioned concerns, there may be a case of longer MG against shorter SMTC, such as SMTC window 2ms and MGL 5ms. However, this method leads to limited SMTC and MG combinations. Another option is to use the current MG WI's measurement priority/sharing mechanism, however this will not solve the problem for Rel17.
Proposal 7: In Rel-17, proper SMTC and MG configuration can deal with the offset between SMTC and MG. Enhancement can be further studied.
Proposal 8: Proximity condition for overlapping For FR1 is 4ms, which refers to concurrent MG WI.
Issue 3-2: Measurement relaxation
	Issue 3-2-1: Measurement Relaxation
Agreement:
· No measurement relaxation for NTN UE in LEO.
· FFS on whether to consider measurement relaxation for NTN UE in GEO.



Proposal 9:  If measurement relaxation reused here is Chapter 4.2.2.9, 4.2.2.10 in TS 38.133, we agree on measurement relaxation for NTN UE in GEO.  For LEO Earth-fixed case, we generally support relaxation to some extent but can be in future studies.

2	Summary
Observation 1:  
· In connected mode, SSB is contained by SMTC fully. No requirements are expected for SSB outside of SMTC.
· In idle mode, it depends on how UE-based SMTC solution operates. but at least, certain SSBs may be outside of SMTC configured by network. RAN4 shall identify the differentiation on measurement delay from spec. 
Proposal 1: The number of SSB beams UE needs to monitor per NTN carrier is [8]. The number must be fixed regardless of how the SSBs are assigned to different SMTCs. This number shall be minimal SSB beams capability UE can support, not relevant to SSB number per SMTC.

Proposal 2: 
1. Scheduling restriction shall occupy full SMTC if at least one of LEO in the SMTC. For GEO, 	Scheduling restriction may be limited to [m] symbols before and after SSB symbols
2. Total Scheduling restriction shall be limited, e.g. restricting number SMTC containing LEO. The detailed solution can be continued after issues on measurements on SMTC are clearer. 

Proposal 3: 
In connected mode.  
· Scaling factor is maximal number of LEO in each overlapped SMTCs or one SMTC, if LEO satellites cannot be handled by UE simultaneously. 
· Otherwise, e.g. one LEO in one SMTC and total 4 SMTCs, scaling factor is 1. 
· The criteria to handle Doppler shift simultaneously can be determined by UE’s capability, assuming that ephemeris data is known by UE and situation of Doppler shift also is known.  
In idle mode, scaling factor can be 1+ [0.5]* (number of SMTCs-1)  for simplification purpose.

Proposal 4: 
· In connected mode, UE is not expected to be configured with more SMTCs than its capability. But if it is configured, the solution can be same to idle mode. 
· In idle mode, UE can be configured with more SMTCs than its capability.  
· Option 1: UE may measure all configured SMTCs through extra measurement delay which is represented by a scaling factor = ratio (SMTC configured by network/SMTC supported by UE) 
· Option 2: UE may only measure SMTCs which number is same to its capability. The choice can be UE’s implementation or pre-defined.
· One of possibilities is that UE can perform Option1 to get the full picture of all SMTCs and turn to Option2 aiming to particular SMTCs, it’s UE’s implementation, but longer measurement time is expected from specification point of view.

Proposal 5: Measurement can be performed concurrently when SMTC number is 2, regardless fully or partially contained SMTC.

Proposal 6: RAN4 can decide if concurrent measurement can be used for fully or partially contained SMTC when SMTC number is more than 2.  The answer is relevant to Item2-scaling factor, but concurrent measurements are allowed on fully or partially colliding SMTCs, despite of Doppler issue.
Proposal 7: In Rel-17, proper SMTC and MG configuration can deal with the offset between SMTC and MG. Enhancement can be further studied.

Proposal 8: Proximity condition for overlapping For FR1 is 4ms, which refers to concurrent MG WI.

Proposal 9:  If measurement relaxation reused here is Chapter 4.2.2.9, 4.2.2.10 in TS 38.133, we agree on measurement relaxation for NTN UE in GEO.  For LEO Earth-fixed case, we generally support relaxation to some extent but can be in future studies.
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