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Introduction
[bookmark: _Ref118374994]In this contribution, our views on IoT NTN enhancement are provided. The potential CR work split is provided in section 2, neighbor cell measurements in connected mode is discussed in section 3, and GNSS re-acquisition is discussed in stion 4.
Potential CR work split 
Currently, based on the previous discussion as in WF [1], the potential core CR split for R18 IoT NTN enh is analysed in the table below: 

	UE Cat
	Requirement 
	Descritpion 
	Clause in TS36.133

	NB-IoT
	IDLE mode measurements
	To capture potential agreements, e.g.
· location based 
	4.6A

	
	CONNECTED mode measurement on neighbour cells 
	To add
· basic requirements

To capture potential agreements, e.g.
· time based
· location based
	(New) 8.14A.X1

	Cat M1
	IDLE mode measurements
	To capture potential agreements, e.g.
· location based 
	4.7A

	
	CONNECTED mode measurement on neighbour cells
	To capture potential agreements, e.g.
· time based 
· location based
	8.13A

	
	conditional HO for Cat-M1 
	To capture potential agreements, e.g.
· time based
· location based
	5.5A.2.3/4 (CEModeA)
5.5A.3.3/4 (CEModeB)


[bookmark: _Ref142558794]Proposal 1: CR work split based on the above table.
Neighbour cell measurements in connected mode 
NB-IoT: Scaling factor for multiple NGSO satellites for inter-frequency measurement
One issue is on whether to introduce the scaling factor for multiple NGSO satellites for inter-frequency measurement, as it has been agreed for NB intra-frequency neighbour cell measurement. The existing TN delay requirements are scaled up by Nfreq, as excerpted below, for both Intra-frequency and Inter-frequency. Thus it is feasible to introduce the scaling factor for multiple NGSO satellites in the similar approach, e.g. TS 36.133
8.14.6.3 intra-freq.
When UE is monitoring multiple carriers, Tidentify_intra = Tdetect + Tmeasure, where Tdetect = Tdetect _intra+Nfreq* Tdetect_inter and Tmeasure = Tmeasure _intra+Nfreq* Tmeasure_inter. Nfreq is number of inter-frequency carriers to be measured according to the measurement capability, and Tdetect_inter  and Tmeasure_inter are defined in clause 8.14.6.4
8.14.6.4 inter-freq.
When UE is monitoring multiple carriers, Tidentify_inter_NB1-NC = Tdetect_NB1-NC + Tmeasure_NB1-NC, where Tdetect_NB1-NC = Tdetect _intra_NB1-NC +Nfreq* Tdetect_inter_NB1-NC and Tmeasure_NB1-NC = Tmeasure _intra_NB1-NC +Nfreq* Tmeasure_inter_NB1-NC. Nfreq is number of inter-frequency carriers to be measured according to the measurement capability, and Tdetect_intra_NB1-NC and Tmeasure_intra_NB1-NC are defined in clause 8.14.6.3.

Tdetect = Tdetect _intra *Ksat _intra +  Tdetect_inter, i *Ksat _inter,i, 

[bookmark: _Ref134710774]Proposal 2: For NB-IoT, introduce scaling factor for multiple NGSO satellites for inter-frequency neighbour cell measurement in connected mode.

[bookmark: _Hlk142556998]Time-based triggering
Regarding the time-based NB-IoT neighbor cell measurements in connected mode, the UE shall start intra/inter frequency measurement in connected mode before the t-Service if present and the exact time to start measurements in connected mode before t-Service can be left to UE implementation, as agreed in RAN2#120 (see appendix). To ensure the UE can have sufficient time to complement measurements, similar approach in TN NTN can apply, i.e., the requirement does not apply when the time span from the last slot of SI transmission within SI modification period where the broadcasting of t-Service is started to the first slot when the cell is scheduled to stop serving the area according to the broadcasted information is less than Ttrigger
[bookmark: _Ref134710777]Proposal 3: For time-based NB-IoT neighbour cell measurements in connected mode, the UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The intra/inter frequency measurement requirement do not apply when the time span from when t-Service is broadcasted to t-Service is less than Ttrigger, which is the time UE completes measurements.

Location-based triggering
Regarding the location-based triggering cell measurements in connected mode, if referenceLocation and distanceThresh are present in SystemInformationBlockType31(-NB), the UE is required to perform intra/inter-frequency measurements the distance between UE and serving cell reference location is above distanceThresh, as in the RAN2 running CR for 36.133 [2]. 

It can be observed that the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. Besides, a margin should be considered for the distanceThresh of serving for detecting when to trigger connected mode measurements. The legacy value of 50 m can be considered as a starting point. However, extra margin also needs to be considered as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation, as agreed in Agreements in RAN2#121[4].

// for NB-IoT
1>	if referenceLocation and distanceThresh are present in SystemInformationBlockType31-NB:
2>	perform intra-frequency measurements or inter-frequency measurements when the distance between UE and serving cell reference location is above distanceThresh.
// for eMTC
4>	if referenceLocation and distanceThresh are present in SystemInformationBlockType31:
5>	perform intra-frequency measurements or inter-frequency measurements when the distance between UE and serving cell reference location is above distanceThresh;

SystemInformationBlockType31 field descriptions
distanceThresh
Distance from the serving cell reference location and is used in location-based measurement initiation in RRC_IDLE (as specified in TS 36.304 [4]) and RRC_CONNECTED. Each step represents 50m.
[bookmark: _Hlk142558494]referenceLocation
Reference location of the NTN quasi-earth fixed cell or earth moving cell, used in location-based measurement initiation in RRC_IDLE (as specified in TS 36.304 [4]) and RRC_CONNECTED. If configured by an earth moving cell, the broadcast reference location corresponds to the epoch time, and the UE derives the real-time reference location based on the serving satellite ephemeris.



[bookmark: _Ref124344551][bookmark: _Ref126232029][bookmark: _Ref134710780]Observation 1: UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
Proposal 4: For location-based triggering neighbour cell measurements in connected mode, the requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 + X m. FFS the value of X as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
GNSS re-acquisition
The RRM requirement impact due to GNSS re-acquisition has been discussed [1], and the RLM monitoring is suspended during GNSS-MG.Issue 6-1: GNSS re-acquisition, impact on RLM
· Agreements
· Capture in specification that when a UE is measuring the GNSS in a GNSS-MG RLM monitoring is suspended. FFS on the impact on RLM requirements.


Besides, the GNSS MG length can be ranged from 1 to 31 secs, and the UE is not expected to perform RRM measurement and GNSS measurement simultaneously. Thus, in general, the RRM measurement is also suspended when a UE is measuring the GNSS in a GNSS-MG until the UE has required the GNSS successfully. 
[bookmark: _Ref142684912]Proposal 5: The RRM measurement is also suspended when a UE is measuring the GNSS in a GNSS-MG until the UE has required the GNSS successfully. 
Summary
The observations and proposals in this contribution are summarized:
Proposal 1: CR work split based on the above table.
Proposal 2: For NB-IoT, introduce scaling factor for multiple NGSO satellites for inter-frequency neighbour cell measurement in connected mode.
Proposal 3: For time-based NB-IoT neighbour cell measurements in connected mode, the UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The intra/inter frequency measurement requirement do not apply when the time span from when t-Service is broadcasted to t-Service is less than Ttrigger, which is the time UE completes measurements.
Observation 1: UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
Proposal 4: For location-based triggering neighbour cell measurements in connected mode, the requirements apply provided that the distance exceeds the distanceThresh by a margin of 50 + X m. FFS the value of X as the UE is not required to update the GNSS location for Location-based connected mode measurement initiation. 
Proposal 5: The RRM measurement is also suspended when a UE is measuring the GNSS in a GNSS-MG until the UE has required the GNSS successfully.
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Appendix: RAN2	agreemetns on Neighbour cell measurements in connected mode
Agreements in RAN2#120:
Agreements:
1. For NB-IoT we support a trigger for neighbour cell measurements based on T-service (in the quasi-Earth fixed case) (this does not preclude anything for eMTC discussion)

Agreements:
1. At least for NB-IoT NTN, for quasi-earth fixed cells, UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements in connected mode before t-Service can be left to UE implementation” (can revisit if we agree other proposal based on neighbour cell coverage)
2. RAN2 will not specify the condition of stopping UE measurement before t-Service
3. For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)
4. For earth-moving cell, UE shall start intra/inter frequency measurements in RRC connected mode before losing coverage. The exact time to start measurements can be left to UE implementation

Agreements in RAN2#121[4]:

Agreements:
1. Location-based connected mode measurement initiation is supported in quasi-Earth-fixed cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for quasi-Earth-fixed cell. FFS on whether the R17 IEs are reused or not. FFS if the same mechanism can also be used in idle (like in NR-NTN)
2. Location-based connected mode measurement initiation is supported in earth-moving cell (UE is not required to update the GNSS location for this). A serving cell reference location and a distance threshold/radius for detecting when to trigger connected mode measurements will be broadcast for earth-moving cell. FFS on whether the R17 IEs are reused or not. FFS on whether additional information needs to be broadcast to inform the UE how the reference location moves over time or if this can be derived from other information (e.g. Epoch time and ephemeris). FFS if the same mechanism can also be used in idle (like in NR-NTN)

Agreements:
1. We don’t introduce any new low mobility criterion for enhanced mobility in Rel-18

Agreements in RAN2#121b[4]:
Agreements via email – from offline 114:
1. Common TA parameters are broadcast as assistance information for neighbor cell measurements.
2. Kmac is broadcast as neighbor cell assistance information.
3. For moving cell, the UE can derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime, with the assumption that the serving cell reference location broadcast by the network is the one at Epoch time (like in NR-NTN)


Agreements online:
1. Introduce satellite ID for the satellite in a list in new SIB-xx. FFS on the details of the new IE
2. For eMTC NTN, for fixed cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN)
3. For eMTC NTN, for moving cell, location-based measurement initiation can also be used in RRC_IDLE for cell re-selection purposes (like in NR-NTN). FFS whether to consider solution that does not require UE to update the GNSS for this same as in connected mode
4. SIB3 is extended to include the reference location and distanceThresh



