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1 Introduction

In RAN2#119bis and RAN2#120 meeting, the following agreements were made regarding measurement enhancements for IoT NTN:
Agreements in RAN2#119bis-e:

1. IoT NTN can use the mechanism for neighbour cell measurements in connected mode (specified in Rel-17 for NB-IoT). FFS if any enhancements are needed (e.g. triggers) for both NB-IoT and eMTC.

2. RAN2 to continue working on a new time-based trigger for triggering intra and inter frequency measurements in connected mode, e.g. the serving cell is going to stop covering the current area, for both earth-moving and earth-fixed cell (FFS on distance-based trigger)

3. Measurement results reporting is not supported in Rel-18 NB-IoT NTN.

Agreements in RAN2#120:

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

4. For earth-moving cell, the UE derives when loss of coverage of current cell happens (how to derive this information is FFS)

5. 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
In this contribution, we further discuss on measurement enhancements for IoT NTN and provide our views.
2 Discussion 
For eMTC UEs in RRC_CONNECTED, s-Measure can be used to control whether or not the UE is required to perform neighbouring cell measurements. In general, when the serving cell RSRP is better than a threshold, UE is not required to perform neighbouring cell measurements.

In Rel-17, the feature of neighbouring cell measurement in RRC_CONNECTED for NB-IoT UEs has been introduced to reduce the time taken for RRC connection reestablishment. The criteria to trigger measurements is based on a combination of serving cell NRSRP and variance of the serving cell NRSRP, which are configurable by network.

It has been widely discussed in the Rel-17 NR NTN that RSRP measurements cannot clearly reflect the near-far effect in NR NTN. To address this unclear near-far effect issue, measurement in RRC_IDLE has been enhanced by location-based cell reselection, i.e. by using distance between UE and serving cell reference location for quasi-earth fixed cell as the measurement start condition. 
As the unclear near-far effect also exists in IoT NTN, we think the location-based trigger condition can also be used for measurements in RRC_CONNECTED for NB-IoT and eMTC UEs. More specifically, for NB-IoT, the NRSRP-based “s-measure criterion” and NRSRP variance-based “low mobility criterion” for neighbouring cell measurement triggering in RRC_CONNECTED should be enhanced by introducing location-based “s-measure criterion” and location-based “low mobility criterion”, respectively. Also for eMTC, the RSRP-based s-measure criterion for neighbouring cell measurement triggering in RRC_CONNECTED should be enhanced by introducing location-based s-measure criterion. Similar as RRC IDLE mode measurement in NR NTN, RRC_CONNECTED mode neighbouring cell measurement triggering for IoT NTN should be based on a combination of RSRP-based criterion and location-based criterion.
Proposal 1 For NB-IoT, introduce location-based “s-measure criterion” and “low mobility criterion” for neighbouring cell measurement triggering in RRC_CONNECTED. 

Proposal 2 For eMTC, introduce location-based “s-measure criterion” for neighbouring cell measurement triggering in RRC_CONNECTED. 

Proposal 3 For both NB-IoT and eMTC, RRC_CONNECTED neighbouring cell measurement triggering is based on a combination of RSRP-based criterion and location-based criterion.
For location-based criterion, distance between UE and serving cell reference location can be used for “s-measure criterion”, and the variance of distance between UE and serving cell reference location can be used for “low mobility criterion”. For quasi-earth fixed cell, the reference location is relatively fixed. However, when it comes to earth-moving cells, as the cell’s reference location will move along with satellite, to make location-based criterion work, network may have to frequently update the serving cell’s reference location. This will increase a lot of signalling overhead.
To reduce the rate of frequently updating reference location, RAN2 should design some methods for UE to derive earth-moving cell’s reference location. A simple solution is to utilize the sub-satellite point. That is, sub-satellite point can be determined by the UE based on ephemeris information, e.g. the intersection of the line from the Earth center to the satellite with the earth's surface. For the case of non-perpendicular satellite beam, we can assume that the cell’s reference location has a fixed location offset to the sub-satellite point. With this approach, network just needs to configure a fixed location offset to the UE and this would eliminate the need of frequently updating reference location.

Proposal 4 For both quasi-earth fixed cell and earth moving cell, distance between UE and serving cell reference location is used for location-based “s-measure criterion”.
Proposal 5 For both quasi-earth fixed cell and earth moving cell, variance of distance between UE and serving cell reference location is used for location-based “low mobility criterion”.
Proposal 6 For location-based criterion for earth moving cell, RAN2 discuss solutions for UE to acquire the serving cell’s reference location which do not require frequent reconfiguration of reference locations.
In the last RAN2 meeting, RAN2 has agreed to introduce time-based neighbouring cell measurement triggering in RRC_CONNECTED for quasi-earth fixed cells for NB-IoT over NTN, with the agreements given as below.
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

We think this time-based measurement triggering can also be used for quasi-earth fixed cell for eMTC over NTN.
Proposal 7 For eMTC NTN, a trigger for neighbour cell measurements based on T-service is supported for quasi-earth fixed cell. 
Proposal 8 For eMTC 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 is left to UE implementation.
Regarding time-based neighbouring cell measurement triggering for earth moving cell, the cell stop time depends on UE’s geographic location and the coverage of the cell, which is the same as the location-based approach. To some extent, the time-based approach based on the cell stop time is equivalent to the location-based approach. Therefore, for earth moving cell, it is redundant and not straightforward to reuse the cell stop time as the time condition to trigger neighbour cell measurement. 

Proposal 9 For IoT NTN, time-based neighbouring cell measurement triggering in RRC_CONNECTED is not supported for earth moving cell. 

3 Conclusion
Based on the discussion we give the following proposals:

Proposal 1 For NB-IoT, introduce location-based “s-measure criterion” and “low mobility criterion” for neighbouring cell measurement triggering in RRC_CONNECTED. 

Proposal 2 For eMTC, introduce location-based “s-measure criterion” for neighbouring cell measurement triggering in RRC_CONNECTED. 

Proposal 3 For both NB-IoT and eMTC, RRC_CONNECTED neighbouring cell measurement triggering is based on a combination of RSRP-based criterion and location-based criterion.
Proposal 4 For both quasi-earth fixed cell and earth moving cell, distance between UE and serving cell reference location is used for location-based “s-measure criterion”.
Proposal 5 For both quasi-earth fixed cell and earth moving cell, variance of distance between UE and serving cell reference location is used for location-based “low mobility criterion”.
Proposal 6 For location-based criterion for earth moving cell, RAN2 discuss solutions for UE to acquire the serving cell’s reference location which do not require frequent reconfiguration of reference locations.
Proposal 7 For eMTC NTN, a trigger for neighbour cell measurements based on T-service is supported for quasi-earth fixed cell. 
Proposal 8 For eMTC 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 is left to UE implementation.
Proposal 9 For IoT NTN, time-based neighbouring cell measurement triggering in RRC_CONNECTED is not supported for earth moving cell. 
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