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[bookmark: _Ref165266342]Introduction
In previous RAN2 meetings, the following agreements on IDLE/INACTIVE mode for NTN have been reached.
RAN2#111e [1]
Agreements:
1. Cell selection / reselection in NR is the baseline in NTN idle mode procedure.
2. Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN
3. The satellite ephemeris should be provided to UE, at least for Satellite/HAPS ephemeris based cell selection and reselection (FFS what the term satellite/HAPS ephemeris actually means).

Agreements via email - from offline 106:
1. The network type (e.g. NTN) should be known to UE. FFS whether to achieve this in an implicit or explicit way.
2. The existing cell reselection priority configuration can be taken as a baseline in NTN. FFS on any further enhancement.
3. Postpone the discussion on whether to introduce a new SIB until we have more progress on the content of NTN specific system information.

Agreements:
1. Existing cell reselection principles are considered as baseline and that information about when a cell is going to stop serving the area and information about new upcoming cell can be further considered. In which form and how this is exactly implemented in the cell reselection principles is FFS.

RAN2#113e [2]
[bookmark: _Hlk63432459]Agreements:
1. The NTN ephemeris is divided into serving cell’s ephemeris and neighbour’s ephemeris. FFS how would they differ regarding e.g. the required accuracy or signalling impact.    
2. Consider pre-configuration in uSIM, NAS, SIB and RRC signalling for providing the NTN ephemeris. Further discussion depends on the agreed ephemeris contents.  

Agreements:
1. RAN2 thinks that a UE needs to know whether the network is a TN or NTN no later than SIB1 reception
2. [bookmark: _Hlk63433794]The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.

RAN2 #114e [3]
Agreements:
1. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is needed to assist cell reselection in NTN for earth fixed scenario.
2. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area is used to decide when to perform measurement on neighbor cells.
3. At least in the quasi-earth fixed case (FFS for moving case), the timing information on when a cell is going to stop serving the area for earth fixed scenario is broadcast to UE via system information.
Based on the progress in earlier meetings, the remaining issues on cell reselection in NTN mainly lie in the following three aspects:
· Time-based cell reselection: remaining details/supportive use cases to complete this feature;
· Location/Ephemeris based cell reselection: whether to support this feature or not;
· Prioritisation of TN over NTN: whether this can be already realized by the existing cell reselection priority.
In this contribution, we will further discuss the remaining issues on cell reselection for NTN from the above perspectives, and provide our observations and proposals.
 Discussion
 Time-based cell re-selection
RAN2 has agreed that the timing information on when a cell is going to stop serving the area (i.e., stopping time) for earth fixed scenario is broadcast to the UE via system information. This timing information is used by the UE to decide when to perform measurement on neighbor cells. Based on this agreement, the remaining details to support this time-based cell reselection mechanism are listed below:
· Issue 1: The specific form of the stopping time information: a timer vs. an absolute time value;
· Issue 2: For earth-moving cell case, whether the stopping time is supported;
· Issue 3: How to decide whether/when to perform measurements based on the current serving cell stopping times;
· Issue 4: Relationship between the legacy RSRP/RSRQ-based cell reselection and time-based cell reselection;
· Issue 5: Whether the time information about new upcoming cell is needed.
These issues are addressed one by one in the rest of this section. 
· Issue 1: The specific form of the stopping time information: a timer vs. absolute time
The stopping time needs to be a cell-level parameter and common for all the UEs in the cell, and this is why this information is concluded to be broadcast via system information. However, this fails to be achieved if the timer-based approach is applied. Specifically, UEs distributed in different positions of an NTN cell are likely to receive the system information and thus start the timer at different time, and this further results in the expiry of the timer at different time for different UEs. Due to the broad coverage and long propagation delay in NTN, such a gap on when the timer expires among different UEs can be rather big, leading to very different understandings among UEs on the stopping time of the current serving cell. This further leads to the problem that some UEs’ understanding may deviate a lot from the actual stopping time of the serving cell, and consequently perform measurements and/or reselection to the neighbour cells too late, after the current serving cell is already gone. This problem makes it inappropriate to adopt the timer-based solution for this stopping time information. 
By contrast, broadcasting this stopping time as an absolute time value has no such a problem. Therefore, it is justified that the stopping time is represented by the absolute time value, so that the UE can obtain more accurately the stopping time.
Proposal 1: The timing information on when a cell is going to stop serving the area is broadcast as an absolute time value.
· Issue 2: For earth-moving cell case, whether the stopping time is supported.
That a cell stops serving an area can occur both in the case of feeder link switch and in the case of service link switch. For the case of feeder link switch, there seems no big difference between an earth-moving cell and an earth-fixed cell in terms of the stopping time: as in an earth-fixed cell, once the feeder link switch occurs, all UEs in an earth-moving cell can be treated as facing a common time when the current serving cell stops providing service and thus necessary to perform cell reselection. Therefore, the stopping time as concluded for the earth-fixed beam case may also apply to the earth-moving cell case for feeder link switch. By contrast, for the service link switch case, different UEs under the coverage of an earth-moving cell may face different time on losing the coverage of this cell, as this depends on the movement of the satellite/UE and the position of each UE in the cell (e.g. whether for a UE the cell is moving towards or apart it, cell moving speed/radius, etc). So, intuitively a cell-level stopping time as in the earth-fixed cell case may not fit an earth-moving cell for the service link switch case.
However, from the specification point of view, it may not be needed to intentionally place a restriction on the applicable scenario of this feature, as it can be left to NW implementation to decide whether to configure this stopping time or not, based on the cell’s beam type and whether it is service/feeder link switch that really happens.
Proposal 2: For an earth-moving cell, it is up to NW implementation whether the timing information on when the cell stops serving the area is configured or not. No extra Spec impact specific for the earth-moving cell is needed.
· Issue 3: How to decide whether/when to perform measurements based on the serving cell stopping time
As per previous agreements, the time-based cell reselection leads to only impact on when the UE performs measurements on neighbour cells. According to TS 38.304 [4], the measurements for cell reselection include intra-frequency, inter-frequency and inter-RAT frequency measurement. The detailed UE measurement behaviours are as below:
	Following rules are used by the UE to limit needed measurements:
[bookmark: _Hlk78189843]-	If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.
-	Otherwise, the UE shall perform intra-frequency measurements.
-	The UE shall apply the following rules for NR inter-frequencies and inter-RAT frequencies which are indicated in system information and for which the UE has priority provided as defined in 5.2.4.1:
-	For a NR inter-frequency or inter-RAT frequency with a reselection priority higher than the reselection priority of the current NR frequency, the UE shall perform measurements of higher priority NR inter-frequency or inter-RAT frequencies according to TS 38.133 [8].
-	For a NR inter-frequency with an equal or lower reselection priority than the reselection priority of the current NR frequency and for inter-RAT frequency with lower reselection priority than the reselection priority of the current NR frequency:
-	If the serving cell fulfils Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE may choose not to perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority;
-	Otherwise, the UE shall perform measurements of NR inter-frequency cells of equal or lower priority, or inter-RAT frequency cells of lower priority according to TS 38.133 [8].
-	If the UE supports relaxed measurement and relaxedMeasurement is present in SIB2, the UE may further relax the needed measurements, as specified in clause 5.2.4.9.


For the measurement trigger conditions in the legacy TN, it can be seen that the RSRP/RSRQ-based thresholds are applied as the criterion to determine when the UE shall start the intra-frequency measurements or measurements on the inter-frequencies with equal or lower cell reselection priority than the current serving frequency. The conditions in the current Spec typically mean that the UE is required to carry out the measurements for such intra-frequency or inter-frequencies with equal/lower priorities, only when the UE is moving far away from the current serving cell which will soon become unable to serve the UE, but the UE still cannot reselect to a cell on a higher-priority frequency. This operation on the one hand motivates UE power saving for the measurements on intra-frequency and equal/lower-priority frequencies when the current serving cell still works, and on the other hand also ensures the UE to get the measurement results on those frequencies timely whenever necessary to avoid the loss of NW coverage. For the time-based measurement rule in NTN, this principle, i.e. requiring the UE to start intra-frequency measurements or measurements of equal/lower-priority inter-frequencies when the current serving cell is soon to stop its service to the UE, should be inherited as well. This basically means that the UE is required to start the intra-frequency measurements or measurments of inter-frequency cells of an equal or lower priority, if it is already close to the stopping time of the current serving cell which is soon to stop serving the UE (e.g. when the remaining time of the serving cell has already been below a certain level).
Proposal 3: The UE is required to perform intra-frequency measurements or measurements of inter-frequency cells with equal or lower cell reselection priority than the current serving frequency, when the remaining time of the current serving cell is below a certain level with the serving cell to stop its service soon.
· Issue 4: Relationship between the legacy RSRP/RSRQ-based cell reselection and time-based cell reselection
Per our understanding, the stopping time is introduced mainly to prevent the UE from performing measurements too late, and losing the NW coverage when the serving cell stops serving the area suddenly. Therefore, when the stopping time of the serving cell is quite close, even if the RSRP/RSRQ-based measurement criterion is not satisfied on some frequencies, the UE still needs to start the measurements on these frequencies, to avoid loss of the NW coverage soon. This is to say, when the cell is about to stop service, the UE should perform intra-/inter-frequency measurements, if either the legacy RSRP/RSRQ-based criterion or the time-based criterion for the related frequency(ies) is met. 
Proposal 4: When the time-based cell reselection is configured, the UE is required to perform the measurements on intra-frequency/inter-frequencies, if either the RSRP/RSRQ-based criterion or the time-based criterion for the corresponding frequency(ies) is met.
· Issue 5: Whether the timing information about new upcoming cell is needed.
In RAN2 #113e meeting, there was an agreement for the timing information as follows [2]: 
The information on when a cell is going to stop serving the area and/or the timing information (e.g. timer or absolute time) about new upcoming cell is supported at least in Earth-fixed NTN scenario. FFS if both types of information are needed. FFS if this is known from system information and/or the ephemeris.
At present, only the information on when a cell is going to stop serving the area has been further discussed, and there has been no relevant agreements on the timing information about new upcoming cell which was left as an FFS above. 
In our understanding, the timing information about new upcoming cell is not needed. The reasons are briefly illustrated as follows:
· For the earth-moving cell case, given a certain upcoming cell, the timing information on when the cell is going to start/stop the service for different UEs with different movement directions or different positions can be different. To this end, it seems unlikely to include the timing information of the upcoming cell that is applicable for all the UEs in the system information for cell reselection, e.g., SIB2, SIB3 and SIB4.
· For the quasi-earth-fixed cell case, the benefits of knowing the starting timing information about the upcoming cell are unclear. When the conditions for performing the measurements are met, the UE performs measurements of the corresponding frequency and then evaluates the detected cells. If the new cell has not illuminated the area, the UE will not detect the cell, so that the UE cannot actually evaluate/measure the upcoming cells until it really starts its service, even if the UE knows the time when the new cell starts service in advance. To this end, it seems not of much use for the UE to know the starting time information of the upcoming neighbour cells, thus no need to broadcast it by the serving cell. On the other hand, as for the stopping time of upcoming cell, since this information will anyway be broadcast by the upcoming cell itself, the UE can obtain such information through receiving the SIB of the upcoming cell after it starts its service, and thus there is no need to additionally broadcast it as an neighbor cell timing information anymore.
Proposal 5: The timing information about the new upcoming cell is not needed.
 Location/Ephemeris-based cell reselection
[bookmark: _Hlk78221544]The following agreements have been made in RAN2#111e meeting with several FFS left for location-based cell reselection [1]:
Satellite/HAPS ephemeris based cell selection and reselection should be defined for NTN (FFS what the term satellite/HAPS ephemeris actually means). FFS when this ephemeris based cell selection / reselection can be used. FFS whether UE location (and/or other information) based cell selection and reselection should be introduced for NTN.
From our perspective, however, location-based cell reselection should not be supported for NTN in this release with the following reasons.
· GNSS may be frequently visited for positioning information, resulting in high power consumption.
If RAN2 decides to support location-based cell reselection, the distance between the UE and reference location should be considered. For example, when the distance between the UE and the serving cell center is larger than a threshold, the UE shall perform measurements of NR intra-frequency cells. However, this relies on the UE’s acquisition of its location from GNSS. As the cell reselection is consistently happening, GNSS module may need to be frequently visited by the UE to get its location information to obtain such distance, which will lead to big impact on UE’s battery consumption.
· A distance-based criterion (e.g. threshold) is hard to be configured at a per-cell level.
The criterion for triggering the location-based cell reselection and/or related measurements, (e.g. a threshold like in the legacy RSRP/RSRQ-based mechanism) can only be configured in a cell-specific way. However, this cell-level parameter may not usually work in the NTN environment, as the shape of a cell covered by a satellite may be irregular, e.g. an ellipsoid rather than a circle. Taking an ellipsoid cell as an example: if the distance between the UE and reference location is used to decide when to perform measurement on neighbour cells, and NW configures a common threshold for all the UEs at the cell level, it is possible for a UE on the long side of the ellipse to perform the measurement too early and for a UE on the short side of the ellipse to perform the measurement too late. Considering the shape of a satellite-covered cell may even be more irregular than an ellipsoid (e.g. due to the variant propagation environments in the atmosphere), the problem above may be even more severe.
· The content of the ephemeris data is not clear.
Ephemeris data is usually required to work together with the location-based cell reselection. But the content of the ephemeris data is still not clear till now, even though it has been proposed by companies since the SI phase. Considering the limited remaining time for the WI, we suggest to not further investigate in this area, either the location-based cell reselection or other empheris-based operations, in this release.
As a summary of the above analyses, the below proposal follows. 
Proposal 6: Location-based cell reselection is not supported in this release.
 Prioritization of TN over NTN 
[bookmark: _GoBack]In RAN2 #114e meeting [3], RAN2 agreed that “For idle mode reselection, based on configuration NTN UE can prioritise TN over NTN. Configuration details FFS”. Some companies in [AT114-e][104][NTN] proposed to rely on the existing cell reselection priority to support such prioritization. We share this view and think the existing cell reselection priorities would be sufficient. The reason is that the typical case in Rel-17 NTN would be the TN and NTN deployed on different bands, and as a result, different priorities can be configured to realize the TN prioritization when necessary, with frequencies used by TN configured with higher priorities whilst those used by NTN configured with lower priorities.
Proposal 7: No additional enhancement is needed to realize the TN prioritization in this release. Relying on the existing cell reselection priority is already sufficient.
Conclusions
Based on the analysis given above, we have the following proposals:
Proposal 1: The timing information on when a cell is going to stop serving the area is broadcast as an absolute time value.
Proposal 2: For an earth-moving cell, it is up to NW implementation whether the timing information on when the cell stops serving the area is configured or not. No extra Spec impact specific for the earth-moving cell is needed.
Proposal 3: The UE is required to perform intra-frequency measurements or measurments of inter-frequency cells with equal or lower cell reselection priority than the current serving frequency, when the remaining time of the current serving cell is below a certain level with the serving cell to stop its service soon.
Proposal 4: When the time-based cell reselection is configured, the UE is required to perform the measurements on intra-frequency/inter-frequencies, if either the RSRP/RSRQ-based criterion or the time-based criterion for the corresponding frequency(ies) is met.
Proposal 5: The timing information about the new upcoming cell is not needed.
Proposal 6: Location-based cell reselection is not supported in this release.
Proposal 7: No additional enhancement is needed to realize the TN prioritization in this release. Relying on the existing cell reselection priority is already sufficient.
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