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1. Introduction
The Rel-18 WID IoT NTN enhancements was approved in [1] to improve the mobility/throughput/GNSS operation performance compared with Rel-17 IoT NTN. The RRM impacts were discussed in last meeting with agreements captured in [2]. In this contribution, we further provide our views on remaining issues.
2. Discussion
2.1 General
Regarding the impact of t-ServiceStart, the status of RAN4 discussion in as follows:
	· Agreements
· FFS how to take into account t-serviceStart in inter-frequency and intra-frequency measurement requirements for NB-IoT and eMTC
· For eMTC in CONNECTED mode, RAN4 to discuss the impact on measurement gaps configured for neighbour cell measurements and its relation to t-ServiceStart.
· Option 1: Measurement gaps configured for neighbour cell measurements are suspended until t-ServiceStart.



Based on RAN2 discussion, the granularity of t-ServiceStart is still not decided yet. It could be per cell/frequency/satellite/UE. For instance, if the t-ServiceStart is configured per neighbor cell, whether the measurement gap is used for neighbor cell measurement can not be impacted by t-ServiceStart.
Observation 1: The granularity of t-ServiceStart configuration is still under discussion in RAN2.
Proposal 1: RAN4 should wait for RAN2 conclusion on the granularity of t-ServiceStart configuration before analyzing the impact of t-ServiceStart.
2.1 Mobility enhancement
Regarding mobility enhancement in IDLE mode, it is agreed to wait for RAN2 progress for location-based triggered Cell reselection measurement. The latest status in RAN2 is shown as follows:
for NB-IoT NTN, location-based measurement initiation can also be optionally used in RRC_IDLE for cell re-selection purposes (like in NR-NTN), with the assumption that it is up to the UE to update GNSS location.

It could be observed that location-based measurement initiation can also apply to NB-IoT. For IoT NTN, the specific issue is the margin for location-based measurement which is 50 m defined for NR NTN. There is another issue to relax the margin in connected mode. For IDLE mode, for earth moving cell, similar as NR NTN, the location-based measurement initiation shall be based on reference location and the epoch time. Compared with NRN NTN, the margin shall be reconsidered for NB-IoT and eMTC for fixed cell and moving cell separately.
Observation 2: Location-based measurement initiation can also apply to NB-IoT
Proposal 2: RAN4 to discuss the margin for location-based measurement initiation for NB-IoT and MTC for earth fixed cell and earth moving cell.
Another issue is related to RAN2 signaling design, which is shown as follows:
	Issue 1-3: Location-based triggering cell reselection measurements – configuration updates
Further discuss the following proposals:
· Proposal 1: Ask RAN2 to provide a signaling mechanism such that the UE is aware of updates in distanceThresh and/or reference location (this second at least for earth fixed cells).

Issue 4-2: Requirements applicability with SIB updates
Further discuss the following proposals:
· Proposal 1: Ask RAN2 to trigger SI modification indication if the list of cells or list of satellites is modified in SIBxx, otherwise mobility requirements cannot be applicable when the list of satellites is updated. (Nokia)



The related RAN2 agreements are shown as follows:
	The system Information modification procedure is not triggered for an update of new SIB on neighbor-cell assistance information.
Reference location and distanceThresh in SIB31. A change of reference location does not trigger SI modification. A UE does not need to get a new reference location as long as ephemeris and Epoch time are valid (in Connected mode the UE relies on T317) 



The consideration is that: if NW changes the neighbor cell assistance information or reference location and distanceThresh, UE may be not aware of the changes since it will not trigger SI modification procedure. Based on discussion in last RAN4 meeting, from our understanding, the problem is not significant for following reasons:
Reference location and distanceThresh
· Location-based procedure is to trigger the measurement
· Reference location and distanceThresh is not expected to be changed dynamically 
neighbour-cell assistance information
· Neighbour cell assistance information will be broadcast in SIBxx, and UE is expected to maintain the valid neighbour cell information no matter whether SI modification is triggered or not. 
· Cell list information is not considered for neighbour cell assistance information yet.
Observation 3: It is preferred not to reverse RAN2 agreement on SIB updating for changes on reference location and distanceThresh and changes of neighbour cell assistance information.
Proposal 3: Do not reverse RAN2 agreement on SIB updating for changes of reference location and distanceThresh and changes of neighbour cell assistance information.
For time-based neighbour cell measurement triggering in connected mode for NB-IoT, the status is summarized as follows:
	· Agreements
· For NB-IoT in quasi-earth fixed cell introduce time-based triggering in core spec according to RAN2’s design. 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is FFS
· Option 1: left up to UE implementation
· if t-ServiceStartNeigh is present the behavior is FFS
· Option 1: UE implementation can decide to start measurements upon or after t-ServiceStartNeigh;
· FFS whether to apply the same requirements to earth-moving cell.
· FFS on requirements for the case of intra-frequency measurement for LEO case and when neighbor cell belongs to different satellite



Firstly, regarding whether to apply the requirements to earth-moving cell, from our understanding, t-Serviced based neighbour cell triggering is only for earth fixed cell. For earth moving cell, it is up to UE implementation to start measurement before losing the coverage.
Observation 4: Time-based neighbour cell measurement triggering only apply to earth fixed cell.
Regarding the RRM impacts, our originally thinking is to reuse the framework of NR NTN that the exact time to start measurement is up to UE implementation and the requirements apply when the time span is longer than “Ttrigger”. However, for NB-IoT neighbour cell measurement in connected mode, inter-frequency measurement is “best efforts” measurement when UE uses vacant time period for measurement without configured measurement gap. Thus, it is hard to calculated a time period as “Ttrigger” which is variable depending NW scheduling. Thus, we proposed to only consider intra-frequency since the measurement period for intra-frequency is deterministic. However, based on the discussion in last meeting, companies raised a valid point that even for intra-frequency neighbour cell measurement, if the neighbour cell is located in different satellites, UE is still not able to perform intra-frequency neighbour cell measurement without interrupting serving cell data reception/transmission.
Observation 5: If the neighbour cell is located in different satellites, UE is still not able to perform intra-frequency neighbour cell measurement without interrupting serving cell data reception/transmission.
For earth-fixed cell, the target scenario is that: the serving satellite is moving away from the UE, and the same area will be covered by a new approaching satellite. Thus, what really makes sense is to measure another satellite before RLF no matter whether it is intra-frequency or inter-frequency. 
Observation 6: It is reasonable to measure different satellites from the serving one before RLF no matter whether it is intra-frequency or inter-frequency. 
Based on the analysis above, it is hard to define the “Ttrigger” for NB-IoT. Thus, it is proposed that UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is up to UE implementation, and RAN4 not to define detailed requirements for time-based neighbour cell measurement.
Proposal 4: For NB-IoT, UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is up to UE implementation, and RAN4 not to define detailed requirements for time-based neighbour cell measurement.
For eMTC, the situation is more straightforward. It is proposed that 
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements isleft up to UE implementation.
· Requirements only apply to earth fixed cell.
· Trigger is defined as Max (Tidentify_intra_UE cat M1, Tidentify_inter_UE cat M1)
Proposal 5: 
For eMTC,  
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is up to UE implementation.
· Requirements only apply to earth fixed cell.
· Trigger is defined as Max (Tidentify_intra_UE cat M1, Tidentify_inter_UE cat M1)
2.2 CHO for eMTC
RAN2 has not made further progress on eMTC CHO in last meeting. CHO requirements for Rel-17 NR NTN are defined based on the principle that time or location-based condition is always configured together with RSRP based condition. However, until last meeting there was no consensus in RAN2 whether this principle still holds for IoT NTN or not. In this situation, we believe RAN4 should further wait for RAN2 progress before discussing the exact CHO requirements.
Proposal 6: RAN4 should further wait for RAN2 progress before discussing exact requirements for time and [location based] CHO for eMTC.

2.3 GNSS re-acquisition
The status of GNSS re-acquisition of RRM impacts is shown as follows. 
	Issue 3-2: GNSS re-acquisition, impact on other RRM requirements
· Further discuss the impact on RRM requirements, including CONNECTED mode mobility.
· RAN4 to discuss the impact of GNSS re-acquisition on the measurement gaps configured for mobility measurements for eMTC in CONNECTED mode
· Option 1: Measurement gaps configured for mobility measurements are suspended.
· Option 2: GNSS measurement gaps are suspended.
· Further discuss the following proposals on how to capture in RRM specification:
· Option 1: add generic description that the measurement delay could be longer if GNSS fix happens during measurement period.
· Option 2: Wait for further progress from other WGs.




When GNSS gap collides with measurement gap, suspending GNSS measurement (Option2) is not preferred due to the following two reasons:
1) The GNSS measurement is based on the validity of GNSS information, suspending GNSS measurement may cause out of UL synchronization.
2) The duration of GNSS measurement (generally at least 1s is needed) may longer than the periodicity of measurement gaps configured for mobility measurements, suspending the GNSS measurement can’t avoid the collision between these two types of measurements.
Based on the above analysis, suspending mobility measurements is more reasonable. The main impact is that some measurement results obtained before GNSS measurement may out dated and UE may need more time for the measurement objective that is interrupted by the GNSS measurement. 
However, considering that the length of a GNSS gap could be very long, UE can reacquire GNSS before the end of the gap, which is allowed according to RAN1 agreements as shown below. Thus, it is unreasonable to force UE to suspend all measurement gaps. If UE finishes GNSS measurement before the end of the GNSS gap, there is no need to suspend this mobility measurement as UE has already obtains the GNSS information successfully. 
	Agreement
The UE is not required to transmit or receive any channel / signal within the aperiodic GNSS measurement gap duration before the UE reacquires GNSS successfully. 
FFS: UE’s behavior within the duration after UE reacquires GNSS successfully to the end of the gap if the UE reacquires GNSS successfully before the end of the gap.

Agreement
The UE is not required to monitor N/MPDCCH within the aperiodic GNSS measurement gap, except after a CBRA (PRACH) is sent.
· CBRA (PRACH) can be sent at least to request UL resource to report the remaining GNSS validity duration.
Note1: The CBRA (PRACH) can only be sent within the duration after UE reacquires GNSS successfully to the end of the gap.
Note2: Whether CBRA (PRACH) is sent is up to UE implementation.
Note3: no change to existing CBRA procedures
FFS: whether other RA procedure is needed.




Proposal 7: Measurement gaps configured for mobility measurements are suspended when collides with GNSS re-acquisition gap, and if the GNSS information is acquired successfully before the end of GNSS gap and before the start of mobility measurement, the measurement gap is not needed to be suspended.   
3. Conclusions
Observation 1: The granularity of t-ServiceStart configuration is still under discussion in RAN2.
Proposal 1: RAN4 should wait for RAN2 conclusion on the granularity of t-ServiceStart configuration before analyzing the impact of t-ServiceStart.
Observation 2: Location-based measurement initiation can also apply to NB-IoT
Proposal 2: RAN4 to discuss the margin for location-based measurement initiation for NB-IoT and MTC for earth fixed cell and earth moving cell.
Observation 3: It is preferred not to reverse RAN2 agreement on SIB updating for changes on reference location and distanceThresh and changes of neighbour cell assistance information.
Proposal 3: Do not reverse RAN2 agreement on SIB updating for changes of reference location and distanceThresh and changes of neighbour cell assistance information.
Observation 4: Time-based neighbour cell measurement triggering only apply to earth fixed cell.
Observation 5: If the neighbour cell is located in different satellites, UE is still not able to perform intra-frequency neighbour cell measurement without interrupting serving cell data reception/transmission.
Observation 6: It is reasonable to measure different satellites from the serving one before RLF no matter whether it is intra-frequency or inter-frequency. 
Proposal 4: For NB-IoT, UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is up to UE implementation, and RAN4 not to define detailed requirements for time-based neighbour cell measurement.
Proposal 5: 
For eMTC,  
· UE shall perform intra/inter-frequency measurements before t-Service, the exact time to start measurements is up to UE implementation.
· Requirements only apply to earth fixed cell.
· Trigger is defined as Max (Tidentify_intra_UE cat M1, Tidentify_inter_UE cat M1)
Proposal 6: RAN4 should further wait for RAN2 progress before discussing exact requirements for time and [location based] CHO for eMTC.
Proposal 7: Measurement gaps configured for mobility measurements are suspended when collides with GNSS re-acquisition gap, and if the GNSS information is acquired successfully before the end of GNSS gap and before the start of mobility measurement, the measurement gap is not needed to be suspended.   
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