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1. Introduction
The Rel-18 WID IoT NTN enhancements was approved in [1] to improve the mobility/throuput/GNSS operation performance compared with Rel-17 IoT NTN. The RRM impacts were initially discussed in last meeting with agreements captured in [2]. In this contribution, we further provide our views on remaining issues.
2. Discussion
2.1 Neighbor cell measurement in connected mode for NB-IoT
For the objective related to mobility enhancement, the descriptions are summarized as follows:
	The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].




Based on the discussion in last meeting, the status is summarized as follows:
	Issue 3-1: Neighbour cell measurements in connected mode 
· The mechanism for defining the neighbour cell measurements in CONNECTED mode for NB-IoT from Rel-17 WI can be reused as baseline for NB-IoT NTN while NTN specific impact needs investigation. 

Issue 3-2: Neighbour cell measurements in connected mode and triggering before RLF, for quasi-earth fixed cell
· Agreement
· It is up to RAN2 to decide the mechanism of neighbour cell measurements and corresponding measurement triggering before RLF for IoT NTN

Issue 3-3: Neighbour cell measurements in connected mode and triggering before RLF, for earth-moving cell
· RAN4 to wait for more RAN2 progress on neighbour cell measurement triggered before losing coverage. 




For Rel-18 IoT NTN enhancement, the related status in RAN2 are summarized as follows:
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:
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)

It could be observed that RAN2 is discussing new triggering for neighbour cell measurement before RLF. As mentioned above, in Rel-17 NB-IoT, the measurement is triggered by NRSRP level of the serving cell. However, in NTN, the NRSRP change is less significant, thus news triggering method is to be considered. Based on RAN2’s discussion, it can be further divided into following two cases:
· Quasi-earth fixed cell: 
· RAN2 is discussing triggering the neighbour cell measurement by t-Service.
· RAN2 is discussing location-based measurement initiation.
· Earth-moving cell: 
· RAN2 is discussing location-based measurement initiation.
Based on the analysis above, the triggering method for quasi-earth fixed cell and earth-moving cell can be summarized as follows:
· Quasi-earth fixed cell: 
· Legacy NRSRP based triggering
· T-service based triggering (the exact time to start measurements is up to UE implementation)
· Location based triggering: reference location + distance threshold 
· Earth-moving cell: 
· Legacy NRSRP based triggering
· Location based triggering: reference location + distance threshold 
Observation 1: The triggering methods for neighbour cell measurement in connected mode before RLF are as follows:
· Quasi-earth fixed cell: 
· Legacy NRSRP based triggering
· T-service based triggering (the exact time to start measurements is up to UE implementation)
· Location based triggering: reference location + distance threshold 
· Earth-moving cell: 
· Legacy NRSRP based triggering
· Location based triggering: reference location + distance threshold 
For Quasi-earth fixed cell, the t-Service triggered measurement is different from what is defined in Rel-17 NR NTN. In NR NTN, t-Service triggered measurement are only used in IDLE mode. In connected mode, it is up to NW configuration to trigger the measurement and determine the frequency carriers which is same as TN. For NTN IoT, now the target scenario is neighbour cell measurement in connected mode, and the exact delay of neighbour cell measurement is not deterministic since it is kind of “best effort” measurement which can only utilized the vacant time slot. 
Observation 2: The inter-frequency measurement in connected mode before RLF is “best efforts” measurement using vacant time slot, where the exact time for inter-frequency neighbour cell detection and measurement is unpredictable.
In NR NTN, RAN4 had defined Ttrigger which works as the condition that UE shall be able to detect, measure, and evaluate neighbour cells before t-service when the time span from the time when t-Service is acquired by the UE to the time when the cell is stop serving the cell is longer than t-service. However, for the reason mentioned about, it is hard to define the “Ttrigger” for inter-frequency measurement. Thus, for t-service trigger measurement, RAN4 should discuss whether to define requirements since the exact start time for measurement is up to UE implementation.
Proposal 1: RAN4 to discuss whether to define requirements for t-service triggered neighbour cell measurement in connected mode before RLF.
For location-based triggering, the case is simpler. In existing requirements for TN, UE shall be able to identify a new detectable neighbour cell when the NRSRP based criteria is met as defined in 36.331 which is shown as below. Then, for location-based triggering, it is straightforward to add the criteria for location based triggered and the same requirements as NRSRP based triggering can apply.
	TS 36.133 8.14.6.3
The UE shall be able to identify a new detectable intra-frequency cell within Tidentify_intra when the criteria for intra-frequency measurements is fulfilled [1].



Proposal 2: For location-based triggering, add the corresponding criteria (reference location and distance threshold) and the same requirements as NRSRP based triggering can apply.

2.2 CHO for eMTC
The status of RRM impacts of CHO for eMTC is shown as follows
	Issue 4: For eMTC, CHO requirements
· Agreement
· Define RRM requirements for time and [location based] CHO based on further RAN2 progress.
· Define RRM requirements for time and [location based] CHO for both normal and enhanced overage for eMTC.



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, in last RAN2 meeting there was no consensus 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 3: 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 5: GNSS re-acquisition
· RAN4 to postpone the discussions on GNSS re-acquisition until more progress has been reached on this objective in other WGs.



Based on RAN1 discussion, there are potentially two method for UE to re-acquire GNSS. Alternative one is that NW will configure a gap for UE explicitly for GNSS re-acquisition. The other alternative is UE to acquire GNSS autonomously. 
For NW triggered Gap, based on latest RAN1 progress which is shown below, NW will configure a gap according to the reported GNSS fix time duration. And it is triggered aperiodically via MAC CE. From our understanding, there is not much RAN4 RRM impacts since the triggering method/gap length will be clearly defined by RAN1/2. The potential impact could be the gap pattern to be captured in RAN4 spec if needed.
	Agreement
The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
· Alt-1: The UE will report the new GNSS validity duration 
· Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement

Agreement
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.

Agreement
· On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay

Agreement
UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.

Agreement
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study




Observation 3: For NW triggered GNSS re-acquisition, there is not much RAN4 works expected. The potential impact could be the gap pattern to be captured in RAN4 spec if needed.
For the other approach when UE re-acquire GNSS autonomously, the details are still under discussion in RAN1. The RAN4 RRM impacts shall be further investigated with more RAN1 conclusion.
Observation 4: More progress on NW triggered GNSS re-acquisition and UE autonomous re-acquisition is needed before RAN4 to identified the impacts on RAN4 specification.
3. Conclusions
Observation 1: The triggering methods for neighbour cell measurement in connected mode before RLF are as follows:
· Quasi-earth fixed cell: 
· Legacy NRSRP based triggering
· T-service based triggering (the exact time to start measurements is up to UE implementation)
· Location based triggering: reference location + distance threshold 
· Earth-moving cell: 
· Legacy NRSRP based triggering
· Location based triggering: reference location + distance threshold 
Observation 2: The inter-frequency measurement in connected mode before RLF is “best efforts” measurement using vacant time slot, where the exact time for inter-frequency neighbour cell detection and measurement is unpredictable.
Proposal 1: RAN4 to discuss whether to define requirements for t-service triggered neighbour cell measurement in connected mode before RLF.
Proposal 2: For location-based triggering, add the corresponding criteria (reference location and distance threshold) and the same requirements as NRSRP based triggering can apply.
Proposal 3: RAN4 should further wait for RAN2 progress before discussing exact requirements for time and [location based] CHO for eMTC.
Observation 3: For NW triggered GNSS re-acquisition, there is not much RAN4 works expected. The potential impact could be the gap pattern to be captured in RAN4 spec if needed.
Observation 4: More progress on NW triggered GNSS re-acquisition and UE autonomous re-acquisition is needed before RAN4 to identified the impacts on RAN4 specification.
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