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1. Introduction
In RAN4#107 meeting, RAN4 discussed the RRM core requirement impact for IOT NTN enhancement, the WF has been approved in [1]. 
In this contribution, we further discuss the RRM impact of NR NTN enhancement based on the progress of RAN1 and RAN2.
2. [bookmark: _Hlk70326378][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
Issue 1-2: Scaling factor for multiple NGSO satellites
· Agreements
· Introduce scaling factor for multiple NGSO satellites for NB intra-frequency neighbour cell measurement in connected mode. FFS for inter-frequency measurements.
In RAN4#105, we achieve following agreements about UE measurement capability on number of NGSO satellites:
· The minimum of the UE capability on the total number of the NGSO satellites across the layers is [2]. 
· For NB in IDLE and M1 in both IDLE and CONNCTED, the UE shall be capable of monitoring
· for intra-frequency carrier, the number of target satellites UE needs to monitor is [2] including serving LEO satellite.
· for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is [1] otherwise.
Therefore, for each inter-frequency carrier, if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor 2 is needed, if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
Proposal 1: For each inter-frequency carrier
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
Time-based cell re-selection
In RAN2#122, following agreements have been achieved 
	1. For earth-fixed cells, introduce t-ServiceStart for neighbor cells. If UE is aware of the t-ServiceStart of the neighbour cell then may be used (up to UE implementation) to determine when to start measurements of that neighbor cell
2. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.


For time-based cell re-selection mechanism, RAN2 design the t-serviceStart signalling to indicate the start serving time of the neighbor cell in discontinuous coverage scenario, it can be used to determine when to start the measurement of that neighbor cell. 
The discussion and progress in R17 about t-serviveStart could be used as the baseline. When the UE is provided with t-serviceStart and has discontinuous coverage capabilities, then after t-service is reached and the UE is out of coverage, the UE may delay or resume cell measurements/search till when the UE is in coverage. 
Proposal 2: When the UE is provided with t-serviceStart and has discontinuous coverage capabilities, then after t-service is reached and the UE is out of coverage, the UE may delay or resume cell measurements/search till when the UE is in coverage. 
Issue 3: Location-based cell reselection
· For location triggered cell reselection measurement, 
· For eMTC and fixed cell, re-use the requirements from NR NTN as a starting point
· For eMTC and moving cell, wait for further progress in Rel-18 NR NTN WI
· FFS whether the requirements are also applicable to NB-IoT pending on further RAN2 agreement
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]Besides, following agreements have been achieved in RAN2#122
	1. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.


Based on RAN2’s latest agreement, the location-based cell re-selection requirements applicable to both NB-IOT and eMTC in both quasi-fixed cell and earth moving cell.
For earth moving cell scenario, if network broadcast the reference location and distance threshold to UE, UE is able to calculate the distance between UE and reference location, since UE could derive the trajectory of serving cell with rough accuracy based on serving satellite ephemeris and epochTime. Therefore, we think the requirements from NR NTN could also be the starting point for earth moving cell scenario.
Proposal 3:  The location-based cell re-selection requirements applicable to both NB-IOT and eMTC in both quasi-fixed cell and earth moving cell.
Proposal 4: For eMTC and NB-IOT NTN of 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.
Issue 4-1: Neighbour cell measurements in connected mode, time-based
Continue discussion on the following proposals: 
· Proposal 1: For for t-service triggered neighbor cell measurement before RLF for NB-IoT: 
· Option 1a: Do not define requirements for t-service triggered neighbour cell measurement. (Huawei)
· Option 1b: The UE shall be able to measure only intra-frequency neighbour cell before t-service provided that the time span from the SI broadcasting t-service to t-service is longer than Tidentify_intra, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. 
· Proposal 2a: Support neighbor cell measurements initiated before t-service before RLF and wait for RAN2 definition on the indication of the “start time” of neighbor satellite to decide the point in time where the measurements are initiated. 
· Proposal 2b: For NB-IOT NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce time-based connected mode measurement initiation 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 3: 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. 
For NB-IOT NTN of quasi-earth fixed cell, RAN2 has achieved following conclusions [RAN2#119-121bis-e]:
	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



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#122 achieved following agreements about time-based measurement triggering in connected mode.
	1. If the serving cell t-service expires, stop T310 (if running) and start T311 (i.e. perform cell search and re-establishment without attempting to recover on the current cell for the duration of T310). FFS on discontinuous coverage
2. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.



RAN2 has agreed to introduce time-based connected mode measurement initiation for quasi-earth-fixed cell and earth moving cell for both NB-IOT and eMTC. 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/losing coverage can be left to UE implementation.
Proposal 5: For NB-IOT NTN and eMTC NTN of quasi-earth fixed cell, RAN4 should introduce time-based in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements can be left to UE implementation.
Proposal 6: For NB-IOT NTN and eMTC NTN of earth-moving cell, RAN4 should introduce time-based in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before losing coverage. The exact time to start measurements can be left to UE implementation.

Issue 4-2: Neighbour cell measurements in connected mode, location-based
Continue discussion on the following proposals:
· [bookmark: _Hlk137215521]Proposal 1: For location-based triggering, add the corresponding criteria (reference location and distance threshold) and the same requirements as NRSRP based triggering can apply, and the details should wait for more progress in RAN2. (Huawei)
· 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. (CMCC)
· Proposal 3: For earth-moving cell, RAN4 to discuss how to define the requirements for the propagation of the referenceLocationh based on the satellite movement. (Nokia)
RAN2#121 achieved following agreements about location-based measurement triggering in connected mode.
	For NB-IOT NTN of quasi-fixed cell
· 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)
For NB-IOT NTN of earth moving cell
· 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)



RAN2#122 achieved following agreements about location-based measurement triggering in connected mode.
	1. The distance between the UE and a second reference location (e.g. within a neighbour cell) is not taken into account.
2. R18 location and time based trigger for measurements (for connected mode and for idle) apply to both NB-IoT and eMTC.



RAN2 has agreed to introduce location-based connected mode measurement initiation for quasi-earth-fixed cell and earth moving cell for both NB-IOT and eMTC. In location-based measurement initiation criteria,  reference location and a distance threshold/radius will be used to trigger measurements.
RAN4 should introduce location-based connected mode measurement initiation condition in core spec correspondingly. We think RAN4 can follow the agreement from RAN2 that the exact time to start measurements in connected mode depends on reference location and distance threshold/radius criterion, further information could wait the progress from RAN2.
Proposal 7: For NB-IOT NTN and eMTC NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce location-based in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode based on reference location and distance threshold/radius criterion, further information could wait the progress from RAN2.
[bookmark: _Hlk137216394]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.
When RLM measurement and GNSS measurement are colliding, the RLM requirements need to be extended, since RLM is suspended during the GNSS measurement gap. A scaling factor P should be introduced.
P value is:
-	Ntotal / Navailable with Navailable > 0
-     P is not defined with Navailable = 0
For a window W of duration Tevaluate, which starting at the beginning of any RLM-RS resource occasion: 
-	Ntotal is the total number of RLM-RS resource occasions within the window, and
-	Navailable is the number of RLM-RS resource occasions that are not overlapped with any GNSS-MG within the window W
Proposal 8: A scaling factor P should be introduced to RLM requirements, P value is:
-	Ntotal / Navailable with Navailable > 0
-     P is not defined with Navailable = 0
For a window W of duration Tevaluate, which starting at the beginning of any RLM-RS resource occasion: 
-	Ntotal is the total number of RLM-RS resource occasions within the window, and
-	Navailable is the number of RLM-RS resource occasions that are not overlapped with any GNSS-MG within the window W
Issue 6-2: GNSS re-acquisition, other impact
· Proposal 1: 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. (CMCC)
· [bookmark: _Ref134710780]Proposal 2: UE is not required to update the GNSS location for Location-based connected mode measurement initiation. (MTK)
· Proposal 3: For location-based NB-IoT neighbour cell measurements in connected mode, a margin of 50 m should be considered for the distance threshold/radius of serving for detecting when to trigger connected mode measurements. (MTK)
· Proposal 4: RAN4 to postpone the discussions on GNSS re-acquisition until more progress has been reached on this objective in other WGs. (Ericsson)
When GNSS position becomes out-of-date, UE could stay in RRC_CONNECTED state if UE enters a GNSS measurement gap. In our view, the intra/inter-frequency measurements in RRC_CONNECTED should also be suspended during the GNSS-MG, the requirements need to be extended if L3 measurement RS collides with GNSS-MG.
Proposal 9: For NB neighbour cell measurement in connected mode, the measurement should also be suspended during the GNSS-MG, the requirements need to be extended if L3 measurement RS collides with GNSS-MG. 

3. Conclusion
Based on the discussion above, the following proposals are concluded. 
Proposal 1: For each inter-frequency carrier
· if exists 2 satellites (including UE serving satellite) which need to be monitored by UE, the scaling factor = 2 is needed 
· if only exists 1 satellite which need to be monitored by UE, scaling factor is 1.
Proposal 2: When the UE is provided with t-serviceStart and has discontinuous coverage capabilities, then after t-service is reached and the UE is out of coverage, the UE may delay or resume cell measurements/search till when the UE is in coverage.
Proposal 3:  The location-based cell re-selection requirements applicable to both NB-IOT and eMTC in both quasi-fixed cell and earth moving cell.
Proposal 4: For eMTC and NB-IOT NTN of 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 5: For NB-IOT NTN and eMTC NTN of quasi-earth fixed cell, RAN4 should introduce time-based in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before the t-Service if present. The exact time to start measurements can be left to UE implementation.
Proposal 6: For NB-IOT NTN and eMTC NTN of earth-moving cell, RAN4 should introduce time-based in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode before losing coverage. The exact time to start measurements can be left to UE implementation.
Proposal 7: For NB-IOT NTN and eMTC NTN of quasi-earth fixed cell and earth-moving cell, RAN4 should introduce location-based in core spec according to RAN2’s design. UE shall start intra/inter frequency measurement in connected mode based on reference location and distance threshold/radius criterion, further information could wait the progress from RAN2.
Proposal 8: A scaling factor P should be introduced to RLM requirements, P value is:
-	Ntotal / Navailable with Navailable > 0
-     P is not defined with Navailable = 0
For a window W of duration Tevaluate, which starting at the beginning of any RLM-RS resource occasion: 
-	Ntotal is the total number of RLM-RS resource occasions within the window, and
[bookmark: _GoBack]-	Navailable is the number of RLM-RS resource occasions that are not overlapped with any GNSS-MG within the window W
Proposal 9: For NB neighbour cell measurement in connected mode, the measurement should also be suspended during the GNSS-MG, the requirements need to be extended if L3 measurement RS collides with GNSS-MG. 
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