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1 Introduction

In RAN2 #121, the following agreements were achieved on neighbor cell measurements for IOT NTN:
	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)


RAN2 also briefly discussed CHO enhancements and no agreement was achieved in RAN2 #121.

In this contribution, we provide our views on these remaining issues.

2 Discussion
2.1 Enhancements to NB-IOT over NTN
· Time-based IE for Quasi-earth-fixed cell

In RAN2#120, RAN2 has agreed that based on T-service in quasi-earth fixed case UE can initiate the neighbour cell measurements.
	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)

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


In R17, t-Service indicating when an NTN quasi-earth fixed cell is going to stop serving the area is included in SystemInformationBlockType3-NB. UEs in RRC_IDLE can initiate the neighbour cell measurements for cell reselection purposes based on t-Service. Hence, whether the same t-Service can be reused for UE to initial neighbour cell measurement in RRC_CONNECTED needs to be discussed. There are several options:

· Option 1: A new t-Service is introduced in SIB3-NB. If broadcast, the UEs in RRC_CONNECTED initiates neighbour cell measurements before t-Service;
· Option 2: Reuse the R17 t-Service, and add a separate indication to indicate whether the time-based measurement initiation for UEs in RRC_CONNECTED is enabled;
· Option 3: Simply reuse the R17 t-Service, which means, if R17 t-Service is present, both RRC_IDLE and RRC_CONNECTED UEs need to perform measurements before t-Service.
From our perspective, the R18 time-based measurement initiation for RRC_CONNECTED UEs is a new feature, and the NW should have the flexibility of making it configurable. Considering the location-based measurement initiation is also supported, it is possible that the NW uses t-Service for RRC_IDLE measurement initiation while using location-based measurement initiation for a particular UE in case the UE is at cell edge. As a result, Option 3 is not preferred.
With Option 2, we need to separately discuss three scenarios: 1) Time-based measurement initiation is configured for both RRC_IDLE and RRC_INACTVE; 2) Time-based measurement initiation is configured only for RRC_IDLE; 3) Time-based measurement initiation is configured only for RRC_CONNECTED. 1) and 2) can be achieved by adding a new enabling/disabling IE. However, 3) cannot be achieved, since as long as the t-Service is broadcast in SIB31, R17 IoT NTN UEs will consider the time-based measurement triggering for cell reselection is enabled.

Option 1 is simple and straightforward, and is preferred.

Proposal 1: A new t-Service IE is introduced in SIB3-NB to indicate RRC_CONNECTED UEs to initiate the neighbour cell measurements before that t-Service.
· Location based IEs for Quasi-Earth-Fixed cell
In RAN2#121, location-based connected mode measurement initiation was agreed for quasi-Earth-fixed cell. It is also captured in the agreement that “FFS on whether the R17 IEs are reused or not”. In R17, IoT NTN has not introduced any location-based mobility enhancements, so the “R17 IEs” in the agreement should aim at introducing IEs similar to what were introduced in R17 NR NTN.
In R17 NR NTN, for location-based reselection, distanceThresh and referenceLocation are broadcasted in SIB19. In R17 NTN the location-based measurement rule has been specified for quasi-earth fixed cell: UE does not need to perform intra-frequency measurements and inter-frequency measurements of equal/lower priorities if serving cell is in good condition and UE is within a close distance with the reference location.
	SIB19-r17 ::= SEQUENCE {

    ntn-Config-r17                           NTN-Config-r17                                  OPTIONAL,       -- Need R

    t-Service-r17                            INTEGER (0..549755813887)                       OPTIONAL,       -- Need R

    referenceLocation-r17                    ReferenceLocation-r17                           OPTIONAL,       -- Need R

    distanceThresh-r17                       INTEGER(0..65525)                               OPTIONAL,       -- Need R

}


From our perspective, the similar measurement rule can be reused for NB-IoT UEs in RRC_CONNECTED (i.e. triggering neighbour cell measurements if the distance between UE and serving cell is above a threshold), and the similar IEs distanceThresh and referenceLocation can be introduced in SystemInformationBlockType31-NB. 

Proposal 2: For quasi-earth-fixed cell, introduce distanceThresh and referenceLocation (similar as NR NTN) in SIB3-NB. When the distance between UE and reference location is above a threshold, the UE triggers neighbour cell measurements.
· Location based IEs for Earth-moving cell

Another issue is whether moving cell requires separate IEs (distanceThresh and referenceLocation) or can reuse the IEs introduced for quasi-earth-fixed cell. In R18 NR NTN, RAN2 is also discussing whether to reuse R17 reference location and distance threshold (introduced for quasi-earth-fixed cell) for earth-moving cell. In addition, RAN2 is considering 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 existing information. 
From our perspective, UE is capable of deriving the trajectory of the serving cell reference location based on satellites’ ephemeris and epoch Time. We think the prediction of reference location trajectory does not need to meet a very high accuracy. The reference location is mainly for measurement initiation, the NW has the flexibility to set a loose threshold that matches the aforementioned prediction accuracy, so that measurements can still be triggered timely. No other assisting information is needed to inform the UE how the reference location moves over time. 
But the UE needs to know whether the serving cell is a quasi-earth-fixed cell or an earth-moving cell, to determine whether to calculate the real-time reference location of the earth-moving cell. Also note that, the reference of moving cell needs to be associated to a time point. There are several solutions:

· Option 1: Same IEs (distanceThresh and referenceLocation) are used for both quasi-earth-fixed cells and moving cells, add an additional cell type indication. For moving cell, the reference location is associated with the epoch time in SIB31-NB.

· Option 2: Separate IEs (distanceThresh and referenceLocation) are introduced for quasi-earth-fixed cells and moving cells, so that UEs can know the cell type implicitly. For moving cell, the reference location is associated with the epoch time in SIB31-NB.

· Option 3: Same IEs (distanceThresh and referenceLocation) are used for both quasi-earth-fixed cells and moving cells. For moving cell, add an additional epoch time in SIB3-NB for the reference location.
We think Option 3 is the simplest. The UE can implicitly know the cell type by the presence/absence of the new epoch time. With Option 1 or Option 2, it requires UE to have both SIB3-NB and SIB31-NB acquired before performing measurements, and requires the SIB3-NB and SIB31-NB to be modified at the same time (so that the reference location and epoch time can be matched perfectly) while SIB3-NB update is controlled by SI modification procedure and SIB31-NB acquisition is controlled by the validity timer.
Proposal 3: For moving cell, the distanceThresh and referenceLocation introduced for quasi-earth-fixed cell are reused. Add an additional epoch time in SIB3-NB to be associated with the reference location. No other information is introduced for the prediction of the reference location movement. When the distance between UE and (calculated real-time) reference location is above a threshold, the UE triggers neighbour cell measurements.
· Whether the location-based/time-based trigger can be configured jointly with RSRP-based triggering?

In Rel-17 NR NTN, for idle mode measurements, the time/location-based measurement triggering can be applied together with the legacy Srxlev/Squal condition (i.e., whether serving cell’s Srxlev/Squal is better than a threshold), and for connected mode CHO, the time/location based CHO condition are always configured together with an RRM based condition. We think the same principle still holds for IOT NTN, because RSRP results are vital to mobility, and coverage condition should not override it.

If joint configuration is allowed, RAN2 needs to further discussion how the time/location-based triggering coexists with the RSRP based triggering. This depends on whether the aim is timely measurement or relaxed measurement. If the aim is timely measurement, the UE should start measuring neighbour cells when either of time/coverage triggering condition or RSRP based triggering condition is met. If the aim is relaxed measurement when the UE is far from losing coverage, the UE should start measuring neighbour cells when all conditions are met. In our understanding, “timely measurement” should be the aim.
Proposal 4: Time/Location based neighbour cell measurement triggering can be configured together with the existing RSRP based triggering. If configured jointly, the UE starts measure neighbour cell when either of the triggering condition is met.
· Which neighbor carriers/cells to measure
In RAN2#115, when discussing NB-IoT neighbour cell measurements in RRC_CONNECTED, the following agreements were achieved:
	Agreements:
1. Prioritization of carriers/cells to measure is left to the UE implementation.

2. Provision of information regarding which cells/carriers to be considered is not supported. It is up to UE implementation to choose and prioritize carrier/cell list for measurement.


In our understanding, NB-IoT NTN can follow the same principle. It’s left to UE implementation which cells/carriers to be measured and prioritisations of carriers/cells to measure. For example, UE can make use of historical information or broadcasted neighbour cell lists.
Proposal 5: Provision of additional information regarding which cells/carriers to be measured is not support and prioritisation of carriers/cells to measure is left to the UE implementation.
2.2 Enhancements to eMTC over NTN
There is a remaining issue on whether the new triggers for NB-IOT apply to eMTC as well. In the legacy mechanism, eMTC UEs can already be configured with neighbour cell measurements for mobility purposes, and these measurement results towards neighbour cells can also help to reduce the time taken for cell search when RLF is declared. Maybe the concern is that legacy scheme is based on RSRP but there is no significant RSRP difference between the cell centre and the cell edge, therefore eMTC UE can’t start neighbour cell measurements in a timely manner if the signal quality of the serving cell does not deteriorate. We think this can be addressed by time-based and location-based CHO, the UE can start measurements timely considering the time/location condition.
According to the online discussion in the previous meeting, the proponent of eMTC enhancements thinks CHO is a separate discussion, which should not be mixed together, and introducing time/location-based measurement triggering is beneficial for eMTC UEs in terms of both “timely measurement” and “measurement relaxation”: With existing RSRP-based s-Measure mechanism, the NW either configures a low s-Measure threshold leading to excessive measurement or configures a high s-Measure threshold leading to belated measurements. From our perspective, this can be solved by re-configuring the measurements for eMTC UEs (for instance, for time-based measurement initiation, the t-Service is anyway known to the network). However, for NB-IoT, there is no measurement configuration for UEs in RRC_CONNECTED (using SI update procedure to adjust the RSRP threshold in SIB3-NB is not efficient), so the issue is more demanding for NB-IoT UEs and the mechanism should be finalized for NB-IoT UEs first. After finishing the NB-IoT design, RAN2 can further check whether it can be easily applied to eMTC as well.
Proposal 6: For RRC_CONNECTED measurement enhancements, prioritize the design for NB-IoT UEs.
2.3 CHO enhancements
There are three different types of CHO execution conditions introduced for eMTC UEs, with which UE may execute CHO to a candidate cell:

· the RRM measurement conditions(A3/A5/A4)

· A location based trigger condition

· A time based trigger condition

But whether time and location-based trigger conditions may be configured independently (i.e., without a jointly configured event A4 measurement condition) for eMTC NTN is FFS. One solution is to leave the flexibility to network implementation, the other is to follow the same principle with NR NTN that time/location trigger must be configured together with an RRM based trigger. It is captured in TS38.300 that:

	A time-based or a location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5). Location is defined by the distance between UE and a reference location.


From our perspective, the UE cannot choose a target cell in poor radio condition to perform handover. The target cell should at least meet the minimum signal quality requirement, as the quality of target cell is an essential factor to guarantee a successful handover regardless of whether the handover is legacy HO or CHO. 

One argument raised during past meetings for not configuring RRM based trigger with time/location trigger is that more UE power can be consumed. First, we think handover success rate cannot be sacrificed for power saving, otherwise user experience may be affected. Second, in NR NTN, it was agreed in RAN2 #117-e that:

	1.
It is up to UE implementation how the UE evaluates the time- or location-based condition jointly with the RRM event Ax, as long as the UE has RRM measurement results within the time window [T1, T2] or when the location condition is met.


And it was captured in TS 38.300 that:
	It is up to UE implementation how the UE evaluates the time- or location-based trigger condition together with the RRM measurement-based event.


We think the similar principle still holds for IoT NTN: If UE is configured with a combination of trigger conditions, e.g. location-based and RRM measurement A4, by implementation the UE can choose to start RRM measurement after location condition is met, which means the UE doesn’t need to perform RRM measurement immediately and can also help reduce UE power.
Proposal 7: Same as NR NTN, time/location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5).

Another issue is whether location and time triggers can be configured jointly.
For moving cell scenarios, the network needs to know the UE location to configure the T1 and T2 in the time based CHO, which has the same effect as location based CHO, therefore no need to configure both.

For the quasi-earth fixed cells, we think the time based CHO is more efficient than the location based CHO, because the new cell will cover the same area with the previous cell. For the GEO cell, we think only location based CHO will be used because the satellite is serving the same area continuously.

The only use case to configure both could be: in the fixed cell scenario, the UE has a fast speed and is likely to move out of the coverage before the current cell stops serving, but this does not look like a common case for eMTC devices.

In RAN2 previous meeting this scenario has been discussed for NR NTN and the agreement is as below:

	Agreements:

1. Joint time-based and location-based CHO execution triggering for the same candidate cell is not supported in Rel-17 NTN.


We suggest the same principle for NR NTN can be reused for eMTC over NTN directly.

Proposal 8: Same as NR NTN, the network does not configure the location based CHO and time based CHO simultaneously for the same candidate cell.
3 Conclusion

In this contribution, we discussed the measurement enhancements for NB-IoT and CHO for eMTC and have the following proposals:
Proposal 1: A new t-Service IE is introduced in SIB3-NB to indicate RRC_CONNECTED UEs to initiate the neighbour cell measurements before that t-Service.
Proposal 2: For quasi-earth-fixed cell, introduce distanceThresh and referenceLocation (similar as NR NTN) in SIB3-NB. When the distance between UE and reference location is above a threshold, the UE triggers neighbour cell measurements.
Proposal 3: For moving cell, the distanceThresh and referenceLocation introduced for quasi-earth-fixed cell are reused. Add an additional epoch time in SIB3-NB to be associated with the reference location. No other information is introduced for the prediction of the reference location movement. When the distance between UE and (calculated real-time) reference location is above a threshold, the UE triggers neighbour cell measurements.
Proposal 4: Time/Location based neighbour cell measurement triggering can be configured together with the existing RSRP based triggering. If configured jointly, the UE starts measure neighbour cell when either of the triggering condition is met.
Proposal 5: Provision of additional information regarding which cells/carriers to be measured is not support and prioritisation of carriers/cells to measure is left to the UE implementation.
Proposal 6: For RRC_CONNECTED measurement enhancements, prioritize the design for NB-IoT UEs.
Proposal 7: Same as NR NTN, time/location-based trigger condition is always configured together with one of the measurement-based trigger conditions (CHO events A3/A4/A5).

Proposal 8: Same as NR NTN, the network does not configure the location based CHO and time based CHO simultaneously for the same candidate cell.
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