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1. Introduction
In RAN4#106bis meeting, RAN4 discussed the RRM core requirement impaction for IOT NTN enhancement, the WF has been approved in [1]. 
In this contribution, we further discuss the RRM impaction of NR NTN enhancement based on the progress of RAN1 and RAN2.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Issue 3-1: Neighbour cell measurements in connected mode, time-based
· For quasi-earth fixed cell for NB-IoT, RAN4 to discuss whether to define requirements for t-service triggered neighbour cell measurement before RLF. FFS the following options:
· Option 1: The NB-IoT UE shall start the intra/inter-frequency measurements at least before time T1 before start of t-Service, where T1 is the time required to perform one measurement. 
· Option 2: RAN4 to define time-based connected mode measurement initiation condition in core spec. The details such as exact measurement starting time should wait further progress of RAN2. 
· Option 3: not to define.
· Other options are not precluded.
For NB-IOT NTN of quasi-earth fixed cell, RAN2 has achieved following conclusions [RAN2#119-121bis-e]:
	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)
2. 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)
3. RAN2 will not specify the condition of stopping UE measurement before t-Service


For NB-IOT NTN of earth-moving cell, RAN2 has achieved following conclusions [RAN2#119-121]:
	1. For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)
2. 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
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)


RAN2 has agreed to introduce time-based connected mode measurement initiation for quasi-earth-fixed cell and earth moving cell. In time-based measurement initiation criteria, the exact time of starting measurement can be left to UE implementation based on tentative agreements. 
RAN4 should introduce time-based connected mode measurement initiation condition in core spec correspondingly. Since no further progress for exact measurement starting time, we think RAN4 can follow the original agreement from RAN2 that the exact time to start measurements in connected mode before t-Service can be left to UE implementation.
Proposal 1: For NB-IOT NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce time-based in core spec according to RAN2’s design. The exact time to start measurements in connected mode before t-Service can be left to UE implementation.
Neighbour cell measurements in Idle mode, location-based
For eMTC NTN of quasi-earth fixed cell, RAN2 has achieved following conclusions [RAN2#121bis]:
	1. 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)


For eMTC NTN of earth-moving cell, RAN2 has achieved following conclusions [RAN2#121bis]:
	1. 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
2. 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)


[bookmark: _Hlk131609704]RAN2 has agreed to introduce location-based Idle mode measurement initiation for eMTC NTN for quasi-earth-fixed cell and earth moving cell. Location-based measurement initiation is similar as NR-NTN. 
RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec for eMTC NTN correspondingly. The measurement initiation mechanism for NR-NTN could be reused.
Proposal 2: For eMTC NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused.
Impaction of GNSS enhancement
For GNSS enhancement, RAN2 has achieved following conclusions:
	Agreements:
1.	There is no need for UE to provide GNSS position fix time duration in Msg3.
2.	RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

Agreements via email – from offline 104 – second round:
1.	UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry
2.	For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap

Agreements online:
1.	For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE
2.	RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting

Working Assumption: 
1.	GNSS validity duration UE reported after GNSS measurement is the remaining validity duration


Measurement time occasion restriction due to GNSS measurement gap.
For the measurement occasion of inter-frequency detection and measurement, an additional condition should be fulfilled, which is the resources are not colliding with GNSS measurement gap. 
Proposal 3: For NB neighbour cell measurement in connected mode, the impaction of GNSS measurement gap should be considered. The measurement occasion should also fulfill the condition that the resources are not colliding with GNSS measurement gap.
RLM requirements due to GNSS measurement gap
When RLM measurement and GNSS measurement are colliding, the RLM requirements may need to be extended, since RLM is suspended during the GNSS measurement gap
Proposal 4: When RLM measurement and GNSS measurement are colliding, the RLM requirements need to be extended.
3. Conclusion
Based on the discussion above, the following proposals are concluded. 
Proposal 1: For NB-IOT NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce time-based in core spec according to RAN2’s design. The exact time to start measurements in connected mode before t-Service can be left to UE implementation.
Proposal 2: For eMTC NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce location-based IDLE mode measurement initiation condition in core spec according to RAN2’s design. The measurement initiation mechanism for NR-NTN could be reused.
Proposal 3: For NB neighbour cell measurement in connected mode, the impaction of GNSS measurement gap should be considered. The measurement occasion should also fulfill the condition that the resources are not colliding with GNSS measurement gap.
Proposal 4: When RLM measurement and GNSS measurement are colliding, the RLM requirements need to be extended.
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