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1. Introduction
In last RAN4 meeting, the measurement procedure requirement for NR NTN has been discussed and the agreements were captured in the WF[1].
In this contribution, we further discuss the remaining issues of measurement procedure requirement for NTN.
2. Discussion
2.1 Scaling factor with multiple SMTC
In last RAN4 meeting, we had some discussion on Issue 3-1-4B: Measurement with multiple SMTCs (Item-2: Scaling factor), and following options were proposed by companies:
	[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
· 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.



RAN2 agreed that all the configured SMTCs may overlap in time domain for the same measurement object and can be used in parallel. UE can measurement multiple SMTCs within one periodicity, but the number of SMTCs measured by UE shall be based on UE capability and scheduling restriction impacts.
In RAN2 discussion, for NW-based solution, the network can configure up to 2 SMTCs in parallel and the UE uses all of them, i.e., there is no switching between or activation/deactivation of configured SMTCs. And UE can also optionally indicate support for 4 SMTCs (in this case the NW can configure up to 4 SMTCs in parallel). We still need to consider the actual configuration based on different conditions. 
Condition 1: if each SMTC associated with same type of satellites,
As we discussed on email thread “[102-e][220] NR_NTN_solutions_RRM_1 - WF: SMTC2”, our understanding is option 1c is the most mathematic accurate for delay requirement. 
Example 1: if SMTC 1 and SMTC 2 are overlapped, SMTC 1 has 3 LEOs and SMTC 2 has 2 LEOs, UE has capability of measuring only 1 LEO in one SMTC
Option 1a:
 -interpretation 1: (the number of overlapping SMTCs) x (the total number of LEO satellite) =2*5=10
 -interpretation 2: (the number of overlapping SMTCs) x (the max number of LEO satellite in one SMTC) =2*3=6
Option 1c: 
=3+2=5
[image: ]
Figure 1: Example 1 if each SMTC associated with same type of satellites
Example 2: if SMTC 1 and SMTC 2 are overlapped, SMTC 1 has 3 LEOs and SMTC 2 has 2 LEOs, UE has capability of measuring only 2 LEOs in one SMTC
Option 1c: 
= ceiling(3/2)+ceiling(2/2)=3
[image: ]
Figure 2: Example 2 if each SMTC associated with same type of satellites

Condition 2: if at least one SMTC associated with mixed type of satellites,
· If SMTCs do not overlap with each other, and if LEO and/or GEO satellite(s) is/are required to be measured within SMTC #i 
· Scaling factor of measurement period on SMTC #i is K1
[image: ]

In the above equation, ‘1’ here means UE could measure all GEOs in this SMTC within one occasion and it’s not necessary to further scale the measurement delay for GEO measurement

· If SMTCs partially overlap with each other, and 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

K2=number of SMTCs only containing GEO + [image: ] + [image: ]

K2 needs to consider SMTCs only containing GEOs (if exist), SMTCs only containing LEOs (if exist) and SMTCs containing both GEO and LEOs. Similar as non-overlapped case, GEOs could be measured in one occasion and therefore there is a ‘1’ in the 3rd component of K2.
Example 3: if SMTC 1, SMTC 2 and SMTC 3 are overlapped, SMTC 1 has 2 GEOs, SMTC 2 has 1 LEO and 1 GEO and SMTC 3 has 2 LEOs, UE has capability of measuring only 1 LEO in one SMTC
K2=1+ceiling(2/1)+(1+ceiling(1/1))=5
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Figure 3: Example 3 if at least one SMTC associated with mixed type of satellites
Proposal 1: If each SMTC associated with same type of satellites:
· If SMTCs do not overlap with each other, and 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, and 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: ]
Proposal 2: If at least one SMTC associated with mixed type of satellites:
· If SMTCs do not overlap with each other, and if LEO and/or GEO satellite(s) is/are required to be measured within SMTC #i 
· Scaling factor of measurement period on SMTC #i is K1
   				[image: ]
· If SMTCs partially overlap with each other, and 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
K2=number of SMTCs only containing GEO + [image: ] + [image: ]
2.2 Measurement Gap
Regarding the multiple SMTCs with MG, RAN4 had following options:
	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. 


Regarding the MG proximity, RAN4 agreed that the SMTC proximity is:
· 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.
On top of SMTC proximity, the RF tuning/retuning margin shall be considered for MG proximity, and therefore, we propose to define the MG proximity condition based on SMTC proximity condition with the RF tuning/retuning margin, i.e., min distance between SMTC + RF tuning/retuning margin. Since in MGE WI, the MG proximity is defined as:
	When UE is configured with concurrent measurement gaps, two measurement gap occasions are considered colliding if at least one of the following conditions is met:
-	the two occasions are fully or partially overlapping in time domain, or
-	the distance between the two occasions is equal to or smaller than [4]ms.


However, the proximity rule from MGe WI cannot directly be reused for NTN case as discussed in last meeting due to the different UE processing load. So, we propose:
Proposal 3: the MG proximity requirement is:
For NTN measurement, two MG occasions in parallel are defined as colliding (overlapping) if the 2 MGs are partially overlapping in time domain or the minimum distance is less than 5ms (min distance between SMTC + RF tuning/retuning margin).
Regarding the Limitation on association between MG and frequency layer, RAN2 sent an LS[2] to RAN4 to ask the following questions:
	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?


In our understanding, the NTN scenario is quite different from TN scenario, e.g., the target satellites on the same frequency layer would move from time to time. In order to make sure concurrent MGs are configured to also cover the LEO satellites on same frequency layer when they are moving, it makes sense to allow one frequency layer associated with different concurrent MGs for NTN from mobility perspective.
Propose 4: for NR NTN, it’s feasible and possible to configure one frequency layer associated to both concurrent measurement gaps with the same gap type, and the draft reply LS to RAN2 is in Annex.
Regarding the overlapped MG cases, we think the round-robin method could be used for UE to measure all MGs rather than using priority rule. As discussed in last meeting, using priority rule would result in that one of the MG has no chance to be measured if two MGs are fully overlapped on time domain. In option 3 from last meeting, it proposed that fully overlapping concurrent MGs is not configured for requirement design, but that’s a hard limitation on network implementation, which means high priority MG must have larger periodicity with low priority MG if they are somehow partially overlapped (low priority MG can only be used on those non-overlapped occasions). We didn’t see the benefit to use priority rule with restriction on MG configurations.
Proposal 5: Scaling factor due to overlapping MG will be introduced to define the delay requirement when concurrent MGs are overlapped.
3. Other aspects for Measurement procedure requirement
The last meeting agreement was:
	Issue 3-3-1: Measurement requirements and serving cell SIB reading time
Agreement:
· If essential information for NTN neighbour cell measurement is not provided,
· No requirement is applied


However, it’s not very clear how often UE needs to read SI and whether or not we need to reflect SI reading time during the cell identification/measurement delay requirement. In last RAN2 meeting it was agreed that,
NOTE: UE should attempt to re-acquire SystemInformationBlockTypeXX before the end of the duration indicated by ntnUlSyncValidityDuration and epochTime by UE implementation.
In previous RAN4 meeting, it was agreed that the RRM requirement is defined based on the condition that the ephemeris validity timer is running (ephemeris info is valid), and therefore, how and whether to re-acquire SIBxx is up to UE implementation, and it’s not needed to be reflected in the identification/measurement delay requirement. 
Proposal 6: No need to consider SIBxx re-acquisition time in RRM requirement for NTN.
4. Conclusion
In this contribution, we further discuss the measurement procedure requirements for NTN.
Proposal 1: If each SMTC associated with same type of satellites:
· If SMTCs do not overlap with each other, and 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, and 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: ]
Proposal 2: If at least one SMTC associated with mixed type of satellites:
· If SMTCs do not overlap with each other, and if LEO and/or GEO satellite(s) is/are required to be measured within SMTC #i 
· Scaling factor of measurement period on SMTC #i is K1
   				[image: ]
· If SMTCs partially overlap with each other, and 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
K2=number of SMTCs only containing GEO + [image: ] + [image: ]
Proposal 3: the MG proximity requirement is:
For NTN measurement, two MG occasions in parallel are defined as colliding (overlapping) if the 2 MGs are partially overlapping in time domain or the minimum distance is less than 5ms (min distance between SMTC + RF tuning/retuning margin).
Propose 4: for NR NTN, it’s feasible and possible to configure one frequency layer associated to both concurrent measurement gaps with the same gap type, and the draft reply LS to RAN2 is in Annex.
Proposal 5: Scaling factor due to overlapping MG will be introduced to define the delay requirement when concurrent MGs are overlapped.
Proposal 6: No need to consider SIBxx re-acquisition time in RRM requirement for NTN.
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Annex
1. Overall Description:
RAN4 would like to thank RAN2 for their LS R2-2204114. RAN4 has discussed the association between NTN frequency layer and concurrent MGs, and has achieved some agreements to answer RAN2’s questions as followings:
Question from RAN2: 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?
[RAN4’s answer]: Yes, for NR NTN, it’s feasible and possible to configure one frequency layer associated to both concurrent measurement gaps with the same gap type.
2. Actions:
To RAN WG2:
	RAN4 respectfully asks RAN2 to take the above answer into consideration and decisions.
3. Date of Next RAN4 Meetings: 
TSG-RAN WG4 Meeting #104        	Aug 22 – 26, 2022    	Toulouse, FR
TSG-RAN WG4 Meeting #104-bis-e        Oct 10 – 19, 2022    		e-meeting
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