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1	Introduction
The feature UL transmission after original GNSS validity duration expires with duration X has been agreed by RAN1 for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction. In RAN1-115 meeting, it was further agreed that the duration X can be extended multiple times if UE receives the MAC CE from NW. 
	RAN1#113 Agreement
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
RAN1#114 Agreement
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.
Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
[bookmark: OLE_LINK19]RAN1#114 Agreement
From RAN1 perspective, down select one for the duration X:
· Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer;
when timeAlignmentTimer is infinity, X is equal to Y;
· FFS: whether X can be used to extend the original GNSS validity duration 
· Y is a configured value.
Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
RAN1#114bis Agreement
When timeAlignmentTimer is infinity, the duration X is equal to Y. Network can configure Y via a 3-bit field at least with component values [sf500, sf750, sf1280, sf1920, sf2560, sf5120, sf10240].
FFS: whether there is a new value
RAN1#114bis Agreement
The feature of “UL transmission after original validity duration expires with duration X” can be enabled/disabled by network via RRC signalling.
RAN1#115 Agreement
From RAN1 perspective, the start time of duration X is at the point where original GNSS validity duration expires 
· when timeAlignmentTimer is infinity, the end of X is at the point where new timer ULTransmissionExtentionTimer expires and ULTransmissionExtentionTimer is reset with length equal to Y every time when a MAC CE (to be defined by RAN2) is received
· Note 1: It is up to RAN2 to decide whether the MAC CE is the legacy TAC or a new TAC or a new MAC CE.
· Note 2: It is up to RAN2 to implement the above behaviour based on new timer, existing timer, or by extending GNSS validity.
· Send an LS to RAN2



When UE is in the duration X, the UE is still in RRC Connected state and can perform UL transmission while the UE’s GNSS is invalid because the original GNSS validity duration expired. With the invalid GNSS, it is questionable whether the UE can trigger the location-based CHO in duration X. Therefore, RIL [N015] has been raised to have further discussion on this issue.
	[RIL]: N015 [Delegate]: Nokia (Ping Yuan) [WI]: IoT_NTN_enh-Core [Class]: 1 [Status]: ToDo [TDoc]: R2-24xxxxx [Proposed Conclusion]: v013
[Description]: During the multiple X extensions after the original GNSS validity duration expiry, though UE is in RRC Connected state, the UE (e.g., in train/plane) may have moved quite a long distance while the GNSS information is not valid and cannot be updated during X. It is not suitable for UE to continue using the outdated GNSS to evaluate the distance-based CHO event during this period.
[Proposed Change]: Keep it as open issue and discuss whether location-based CHO can be triggered during duration X (UL transmission extension after GNSS expires) in next meeting. We will bring contribution to address the issue.
[Comments]:


2	Discussion
2.1	Background information for location-based CHO
For location-based CHO, cell reference points and the distance thresholds are provided to UE, handover is to be executed by UE when UE detects the distance of UE to cell reference points hit the thresholds. 
In more detail, a new event (i.e., ConEvent D1) has been captured in RRC specification [1]. If the UE finds the distance between UE and referenceLocation1 is above threshold1 and distance between UE and referenceLocation2 is below threshold2, the UE will trigger the ConEvent D1 and execute the handover to the candidate target cell.
	CondEvent D1:	Distance between UE and a reference location referenceLocation1 becomes larger than configured threshold distanceThreshFromReference1 and distance between UE and a reference location referenceLocation2 of conditional reconfiguration candidate becomes shorter than configured threshold distanceThreshFromReference2;



For eMTC over NTN, RAN2 agreed to introduce location-based CHO for both earth-moving and earth-fixed cell scenarios. 
· For earth-fixed cell, the cell's reference points are configured by NW. The reference point does not change because the cell coverage is fixed. The UE should evaluate whether the distance between UE’s own GNSS location and the reference points reaches the distanceThresholds.
			condEventD1-r18							SEQUENCE {
			distanceThreshFromReference1-r18			INTEGER(0.. 65535),
			distanceThreshFromReference2-r18			INTEGER(0.. 65535),
			referenceLocation1-r18					ReferenceLocation-r18,
			referenceLocation2-r18					ReferenceLocation-r18,
			hysteresisLocation-r18					HysteresisLocation-r18,
			timeToTrigger-r18							TimeToTrigger
		},



· For earth-moving cell, the reference point of the cell is moving together with the satellite. The UE should predict the movement of reference location based on the ephemeris information and epoch time provided by the NW (as captured in section 5.5.4.20 in [1] below). In other words, the UE should evaluate whether the distance between UE’s own GNSS location and the dynamically changed reference points reaches the distanceThresholds.  
	[bookmark: _Toc156167832]5.5.4.20	CondEvent D1 (Distance between UE and referenceLocation1 is above threshold1 and distance between UE and referenceLocation2 is below threshold2)
The UE shall:
1>	consider the entering condition for this event to be satisfied when both condition D1-1 and condition D1-2, as specified below, are fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition D1-3 or condition D1-4, i.e. at least one of the two, as specified below, is fulfilled;
Inequality D1-1 (Entering condition 1)

Inequality D1-2 (Entering condition 2)

Inequality D1-3 (Leaving condition 1)

Inequality D1-4 (Leaving condition 2)

The variables in the formula are defined as follows:
Ml1 is the distance between UE and a reference location for this event (i.e. referenceLocation1 as defined within reportConfigEUTRA for this event), not taking into account any offsets. If configured for an earth moving cell, the UE predicts the movement of reference location based on the ephemeris information and epoch time provided in CondReconfigurationAddMod.
Ml2 is the distance between UE and a reference location for this event (i.e. referenceLocation2 as defined within reportConfigEUTRA for this event), not taking into account any offsets. If configured for an earth moving cell, the UE predicts the movement of reference location based on the ephemeris information and epoch time provided in CondReconfigurationAddMod.
Hys is the hysteresis parameter for this event (i.e. hysteresisLocation as defined within reportConfigEUTRA for this event).
Thresh1 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference1, from a reference location configured with parameter referenceLocation1 within reportConfigEUTRA for this event.
Thresh2 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference2, from a reference location configured with parameter referenceLocation2 within reportConfigEUTRA for this event.
Ml1 is expressed in meters.
Ml2, Hys, Thresh1, Thresh2 are expressed in the same unit as Ml1.



Observation 1: For location-based CHO, UE should evaluate the distance between the UE and the reference points based on its own GNSS location and the NW configured reference points. 
Observation 2: For earth-moving cell, UE should predict the movement of reference locations based on the ephemeris information and epoch time.
2.2	Location-based CHO evaluation in duration X
During the multiple X extensions after the original GNSS validity duration expiry, the connected UE (e.g., in train/plane) may have moved quite a long distance but NW may not detect that due to the UL synchronization is still kept. The reason is that the NW may transmit Timing Advance Commands to maintain proper UE transmit timing, but the TACs will not impact the UE location. Therefore, due to UE’s GNSS is outdated in duration X, the UE will face a problem on how to evaluate the distance between UE and the reference point for location-based CHO.
One option is that the UE continues to use the outdated GNSS to evaluate the distance between UE and the reference points within duration X. However, this may result in an incorrect distance calculation hence the UE may make an incorrect conditional handover decision. Let’s take the earth moving cell as example, as illustrated in Figure1 and Figure2. 
[image: A close-up of a white background

Description automatically generated]
Figure1: Location-based CHO execution is missed in Earth Moving Cell
In above example in Figure1, the UE movement is perpendicular to the direction of satellite and cell movement. At time t1, the location-based CHO is not triggered based on UE’s GNSS position and the cell’s reference point since the distance threshold is not met. At time t2 (which happens during the duration X), the UE has moved outside the cell coverage hence it should trigger the location-based CHO execution based on UE’s “real” GNSS position and cell’s reference point. However, if the UE still uses the outdated GNSS position (same GNSS position as the value used at time t1) for distance calculation, the UE will not trigger the location-based CHO at all. This is an error case because the UE may miss a location-based CHO execution.
[image: A diagram of a cell
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Figure2: Wrong location-based CHO execution in Earth Moving Cell
In the other example as illustrated in Figure2, the UE movement is also perpendicular to the direction of satellite and source and target cells movement. During the duration X, at time t3, the UE has moved outside the cell coverage of both source cell (A) and expected target cell (B). However, if the UE still uses the outdated GNSS position (same value as the one used in time t1) for distance calculation, the UE may trigger the location-based CHO execution to the target cell (B). This is an error case where the UE may execute a location-based CHO to a wrong target cell because the UE actually has moved outside of the coverage of the expected target cell (B).
In RAN2-124 meeting, companies thought the UE behaviour on location-based CHO maybe different for earth fixed cell and earth moving cell.
· For earth-moving cell, the reference point of the cell is moving together with the satellite. If the UE use the “outdated” GNSS together with the constantly changed reference point to evaluate a distance condition for CHO, the UE may trigger an incorrect CHO decision (as illustrated in Figure1 and Figure2).
· For earth-fixed cell, the cell's reference point does not change. If the UE had a valid GNSS location but did not trigger the location-based CHO, after UE's GNSS becomes outdated (during X without GNSS measurement), the location-based CHO will not be triggered as well (because the reference point and GNSS info are not changed) even UE is moving. In this case, when the GNSS is outdated, it makes no difference whether UE uses the “outdated” GNSS for CHO evaluation or not.

Based on above discussion, RAN2 reached below agreements in last meeting. The content in the agreement bracket is to let companies further check whether the agreement can be applied to earth moving cell.
	RAN2-124 Agreement:
UE may use the outdated GNSS position within the duration X at least for mobility. The network can limit the number of times X is extended and/or the value of X (can check if we need some different behaviour to handle the CHO in Earth Moving Cell case)



In our understanding, it is not reasonable to use an “outdated” GNSS location to evaluate a distance condition for location-based CHO, not only for earth moving cell but also for earth fixed cell (even no location-based CHO will be triggered during X if the CHO was not triggered before X in EFC). RAN2 should consider whether and how to avoid the wrong handover execution for location-based CHO, at least for earth moving cell.
Observation 3: In duration X, UE may trigger a wrong handover decision for location-based CHO if the outdated GNSS is used to evaluate the distance between UE and the reference point. This is more critical in earth moving cell because the evaluation is based on a fast-moving cell reference point. 
One may argue that it is up to NW implementation to decide how many times the duration X can be extended and/or the value of X therefore the UE movement within duration X is limited. However, it is not true. It is quite difficult for NW implementation to avoid the wrong CHO handover issue because NW actually cannot tell the distance and directions that UE has moved. 
As illustrated in Figure1 and Figure2, the UE movement may be perpendicular to the direction of satellite movement which may cause the wrong location-based CHO execution to happen. The error case can happen if there is discrepancy between the distance from the UE to the reference point computed using UE's “real” location and that computed using its “outdated” location, in which the CHO decision is different based on the calculated distances. Please note even a small distance discrepancy can lead to different CHO decision, which is entirely dependent on how close the calculated distance is to the distance thresholds configured for CHO.
Furthermore, the motivation to support multiple X extension is to have a better system performance (e.g., throughput, latency) by reducing the requested GNSS measurement gaps and scheduling interruptions to the maximum extent. We doubt whether it is really necessary to restrict the NW implementation to avoid the multiple X extension to address the issue of wrong handover in location-based CHO. Obviously, a clean and simple solution should be adopted to make life easy. 
In the offline discussion, another proposal is that it is up to UE to decide whether to continue to use the outdate GNSS for location-based CHO. While since the UE will not trigger a new GNSS measurement during X even the original GNSS is outdated, UE actually may not be able to tell the change of its latest location hence it is not reasonable for UE to decide where the original GNSS can be used for distance calculation for location-based CHO.
Observation 4: NW and UE implementation may not avoid a wrong handover execution for location-based CHO if UE uses the outdated GNSS to evaluate the distance between UE and the reference point.
In our understanding, to avoid the error cases that the UE is making wrong mobility decisions based on the outdated GNSS, a clean solution is that UE should stop the location-based CHO evaluation within duration X, at least for earth moving cell. Of course, the UE could use the radio-based mobility if configured. And the location-based CHO can be resumed after UE re-acquired a valid GNSS position.
Proposal 1: UE should stop the location-based CHO evaluation (if it is configured) within duration X, at least in earth moving cell.
In Annex, a draft TP has been provided for proposal 1 to indicate that the event CondEvent D1 can only be evaluated by UE when the UE has a valid GNSS position.
Proposal 2: RAN2 to discuss the Annex TP for Proposal 1.
3	Conclusion
This document has made the following observations:
Observation 1: For location-based CHO, UE should evaluate the distance between the UE and the reference points based on its own GNSS location and the NW configured reference points. 
Observation 2: For earth-moving cell, UE should predict the movement of reference locations based on the ephemeris information and epoch time.
Observation 3: In duration X, UE may trigger a wrong handover decision for location-based CHO if the outdated GNSS is used to evaluate the distance between UE and the reference point. This is more critical in earth moving cell because the evaluation is based on a fast-moving cell reference point.
Observation 4: NW and UE implementation may not avoid a wrong handover execution for location-based CHO if UE uses the outdated GNSS to evaluate the distance between UE and the reference point.
And proposed the following:
Proposal 1: UE should stop the location-based CHO evaluation (if it is configured) within duration X, at least in earth moving cell.
Proposal 2: RAN2 to discuss the Annex TP for Proposal 1.
Reference
[1]	TS36.331-i00 
Text Proposal
36.331 5.5.4.20	CondEvent D1 (Distance between UE and referenceLocation1 is above threshold1 and distance between UE and referenceLocation2 is below threshold2)
If the UE has a valid GNSS position, Tthe UE shall:
1>	consider the entering condition for this event to be satisfied when both condition D1-1 and condition D1-2, as specified below, are fulfilled;
1>	consider the leaving condition for this event to be satisfied when condition D1-3 or condition D1-4, i.e. at least one of the two, as specified below, is fulfilled;
Inequality D1-1 (Entering condition 1)

Inequality D1-2 (Entering condition 2)

Inequality D1-3 (Leaving condition 1)

Inequality D1-4 (Leaving condition 2)

The variables in the formula are defined as follows:
Ml1 is the distance between UE and a reference location for this event (i.e. referenceLocation1 as defined within reportConfigEUTRA for this event), not taking into account any offsets. If configured for an earth moving cell, the UE predicts the movement of reference location based on the ephemeris information and epoch time provided in CondReconfigurationAddMod.
Ml2 is the distance between UE and a reference location for this event (i.e. referenceLocation2 as defined within reportConfigEUTRA for this event), not taking into account any offsets. If configured for an earth moving cell, the UE predicts the movement of reference location based on the ephemeris information and epoch time provided in CondReconfigurationAddMod.
Hys is the hysteresis parameter for this event (i.e. hysteresisLocation as defined within reportConfigEUTRA for this event).
Thresh1 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference1, from a reference location configured with parameter referenceLocation1 within reportConfigEUTRA for this event.
Thresh2 is the threshold for this event defined as a distance, configured with parameter distanceThreshFromReference2, from a reference location configured with parameter referenceLocation2 within reportConfigEUTRA for this event.
Ml1 is expressed in meters.
Ml2, Hys, Thresh1, Thresh2 are expressed in the same unit as Ml1.
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