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1. Introduction
The previous RAN2 meetings made the following agreements regarding location-based neighbour cell measurement in RRC_CONNECTED for IoT NTN:
	RAN2#121 agreements
· 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)
· 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#121bis agreements
· New SIBxx is introduced to broadcast the neighbor cell/satellite information.
· Common TA parameters are broadcast as assistance information for neighbor cell measurements.
· Kmac is broadcast as neighbor cell assistance information.
· 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)
· Introduce satellite ID for the satellite in a list in new SIB-xx. FFS on the details of the new IE
· 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, 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
· SIB3 is extended to include the reference location and distanceThresh.


In this contribution we further discuss the details based on the above agreements with some focus on Earth-moving cells.
2. [bookmark: Proposal_Beacon]Discussion
In Rel-17 NR NTN, location-based neighbour cell measurement triggering and location-based event D1 were introduced for IDLE and CONNECTED mobility of quasi-Earth-fixed cells. For each mechanism serving cell reference location and a distance/radius threshold are indicated to UE. Considering the similarity in criteria and IE structure, it is OK to reuse the Rel-17 NR NTN IEs (referenceLocation-r17 and distanceThresh-r17) for quasi-Earth-fixed cells in IoT NTN for location-based neighbour cell measurement in RRC_CONNECTED.
Proposal 1: At least for quasi-Earth-fixed cells, the R17 IEs of serving cell reference location and distance threshold/radius can be reused for location-based neighbour cell measurement in RRC_CONNECTED. 
For Earth-moving cells, details for the NB-IoT neighbour cell measurement in RRC_CONNECTED are still unclear due to the complexity in cell movement pattern, especially on how to indicate the changing reference location. In the discussion for NR NTN, one opinion is that the trajectory of serving cell reference location can be derived by UE solely based on satellite’s ephemeris and epoch time. In our understanding, such assumption is not always appropriate, and the cell reference location derived by UE may not be accurate, see in Figure 1. Firstly, the trajectory of satellite represented by ephemeris is an ellipse which is not parallel to the earth, meaning that the velocity of satellite does not equal to the velocity of its projection (e.g., cell reference location) on earth. Secondly, even the projection is derived, it only represents the nadir point of the satellite which could be the reference location of one cell, while the reference locations of the other cells generated by the same satellite could not be represented or derived, e.g., the elevation angle between the reference location of a cell and the satellite, which is not part of ephemeris, also affects the velocity of the cell reference location.
[image: ]
Figure 1. The trajectory of satellite and cell reference location
Observation 1: UE may not be able to derive the reference location or stop serving time of an Earth-moving cell only by the ephemeris data.
Proposal 2: For Earth-moving cells, the new IE of serving cell reference location and distance threshold/radius need to be determined e.g., how to indicate the changing reference location.
The following options can be considered to indicate the moving cell reference location:
· Option A: Multiple reference locations. Each reference location could be associated to a time duration, an area or elevation angle. And UE could apply one reference location based on the current time, its area or elevation angle.
· Option B: Multiple offsets to the reference location. Each offset could be associated to a time duration, an area or elevation angle. And UE could apply one offset based on the current time, its area or elevation angle.
· Option C: Explicit drift or velocity vector of the reference location on earth. UE estimates real-time reference location based on the information.
Proposal 3: For earth-moving cells, RAN2 to consider the following options to indicate the changing reference location efficiently.
· Option A: Multiple reference locations.
· Option B: Multiple offsets to the reference location.
· Option C: Explicit drift or velocity vector of the reference location on earth.
For IoT NTN the discontinuous coverage may happen in space and/or time domain due to sparse constellation of satellites and satellite movement. It may lead to additional and unnecessary power consumption which is at least essential to IoT devices. Unlike the temporary coverage interruptions in TN, in NTN the coverage interruptions are expected to last for a longer time duration (hours) and are predictable with the help of satellite assistance information. In such scenario there could be no neighbour cell available to be measured, but unnecessary neighbour cell measurement in RRC_CONNECTED could be still triggered by UE due to fulfillment of the location-based criterion.
Observation 2: In discontinuous coverage scenario wherein no neighbour cell is available to be measured, unnecessary neighbour cell measurement in RRC_CONNECTED could be triggered.
For NTN deployment with discontinuous coverage, additional rules can be considered to disable location-based neighbour cell measurement triggering in RRC_CONNECTED when it is unnecessary to further reduce its power consumption. For example, the enabling/disabling of triggering or distance calculation can be based on the situation of coverage discontinuity, e.g. the time duration during which there is no available neighbour cell and UE will be out of coverage.
Proposal 4: For discontinuous coverage scenario, the location-based neighbour cell measurement triggering in RRC_CONNECTED can be disabled when there is no neighbour cell coverage.
3. Conclusion
In this contribution, we discuss the details for location-based neighbour cell measurement in RRC_CONNECTED considering the current agreements. The following observation are given:
Observation 1: UE may not be able to derive the reference location or stop serving time of an Earth-moving cell only by the ephemeris data.
Observation 2: In discontinuous coverage scenario wherein no neighbour cell is available to be measured, unnecessary neighbour cell measurement in RRC_CONNECTED could be triggered.
And we propose:
Proposal 1: At least for quasi-Earth-fixed cells, the R17 IEs of serving cell reference location and distance threshold/radius can be reused for location-based neighbour cell measurement in RRC_CONNECTED. 
Proposal 2: For Earth-moving cells, the new IE of serving cell reference location and distance threshold/radius need to be determined e.g., how to indicate the changing reference location.
Proposal 3: For earth-moving cells, RAN2 to consider the following options to indicate the changing reference location efficiently.
· Option A: Multiple reference locations.
· Option B: Multiple offsets to the reference location.
· Option C: Explicit drift or velocity vector of the reference location on earth.
Proposal 4: For discontinuous coverage scenario, the location-based neighbour cell measurement triggering in RRC_CONNECTED can be disabled when there is no neighbour cell coverage.
3

image1.png
Satellite velocity

satelite |
trajectory )

velocity

Cell
Earth Cell #3  reflocation

velocity




