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1 Introduction

In RAN2#121, the following agreements were achieved on the enhancement of GNSS operations for IoT NTN [1]:
	Agreements:

1. For UE to report GNSS position fix time duration for measurement during the initial access, at least the following Msg5 message can be used: 


RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,  


RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB,


FFS for RRCreestablishmentComplete and RRCConnectionReconfigurationComplete.


FFS for Msg3
2.  FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement
3.  The value range {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity} introduced in R17 is reused for connected UE GNSS validation duration report, unless modified by RAN1.

4.  UE reports GNSS validity duration after GNSS measurement. FFS whether the UE reports every time or only if the validity duration changes. FFS if the duration is the remaining validity duration or the whole duration


In this contribution, we will further discuss the remaining issues related to GNSS operation in long-term connection. 
2 Discussion 
2.1 GNSS position fix time duration report
In the last meeting, RAN2 agreed to allow UE to report GNSS position fix time duration for measurement during the initial access, and use Msg5 to report this duration. For now, the following messages can be used:

· RRCConnectionSetupComplete, RRCConnectionSetupComplete-NB,
· RRCConnectionResumeComplete, RRCConnectionResumeComplete-NB

Whether RRCReestablishmentComplete and RRCConnectionReconfigurationComplete, or Msg3 can be used to report GNSS position fix time duration was left for further discussion. 
In our understanding, reporting GNSS position fix time duration in initial access stage is sufficient, and the reported value can also be used in RRC reestablishment and handover scenarios. In other words, the NW can store the reported value in the RRC context. On one hand, the time duration for GNSS related measurement depends on the operation mode of GNSS model, which is not frequently changing. On the other hand, if the GNSS position fix time duration is updated, the UE can report the updated value.

Thus there is no necessity to include the GNSS fix time duration in RRCReestablishmentComplete or RRCConnectionReconfigurationComplete messages.
Besides, we see no urgency to report the GNSS position fix time duration in MSG3 as it can already be reported in MSG5, especially considering the size of MSG3 is limited due to UL coverage. 

Proposal 1: GNSS position fix time duration is not included in RRCReestablishmentComplete and RRCConnectionReconfigurationComplete messages.
Proposal 2: Msg3 is not used to report GNSS position fix time duration.
2.2 GNSS validation duration reporting
During the RAN2#121 meeting, it was agreed that UE reports GNSS validity duration after GNSS measurement and whether UE reports every time or only when the validity duration changes. 
In our understanding, reporting GNSS validity duration only when it changes is more efficient. This is because, for the UE whose motion state is not changing frequently, its GNSS position valid duration will not change for each GNSS measurement. Requiring the UE to report each time after GNSS measurement is unnecessary. Besides, as the gap is configured according the UE’s GNSS fix time, the normal case should be that the UE finishes the GNSS fix approximately when the gap ends. In this case, the end of GNSS measurement GAP can be seen as the start point of valid duration and if the GNSS position valid duration hasn’t changed, UE doesn’t need to report. Then, it is straightforward the reported value is the whole duration. 
Proposal 3: UE reports the whole GNSS position valid duration only when it changes.

2.3 UE behavior when GNSS position is out-of-date

Configuring a measurement gap for a connected UE to make GNSS measurement has been agreed in RAN1:

	Agreement@ RAN1# 111
For GNSS measurement in RRC connected, if eNB aperiodically triggers connected UE to make GNSS measurement, UE can re-acquire GNSS position fix with a gap
· FFS details of gap configuration

The UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement

· FFS based on configured timing 


However, how to handle the UE behavior if the UE cannot re-acquire GNSS position during the GNSS measurement gap duration successfully until the GNSS position is out-of-date should be considered. There may be the two options that can be considered:

· Option 1: The UE leaves RRC_CONNECTED state if its GNSS position is out-of-date, similar as Rel 17.

· Option 2: The UE can stay in RRC_CONNECTED state if the UE has initiated a new measurement although its current GNSS position is out-of-date.

In general, we think proper NW implementation can ensure this case doesn’t happen as the NW knows when the UE’s GNSS validity duration will expire. By implementation the NW can even trigger the UE to perform and finish GNSS measurement a little ahead of expiry. Even if the case happens, following legacy Rel-17 behavior seems not a big issue.
Proposal 4: UE goes to RRC_IDLE if its GNSS position is out-of-date, same as Rel-17.
2.4 GNSS reacquisition
In this subsection, we will discuss issues caused during the period when UE performs GNSS measurement in RRC_CONNECTED. 
The GNSS position fix time duration can be as long as 1s~3s for warm start and more than 30s for cold start. In this case. In order to let the UE finish the GNSS measurement, the configured gap should be no less than the GNSS position fix time duration. In the meantime, according to the TR 38.821, it is shown that handover might occur as often as every 10 seconds. Thus, the configured gap length may be in the same order of the time that UE is served by a satellite, during which the UE is not able to communicate with network or perform serving cell or neighboring cell measurement. 

In this case, there may be some issue that needs to be discussed in RAN2. For example, the GNSS gap may affect the procedure of CHO. For CHO, the configurations of the candidate target cells have been transmitted to UE in advance. During the period that UE is performing GNSS reacquisition, UE cannot perform measurement of the candidate cells, resulting in the risk of handover failure. In addition, for location based CHO, the distance between UE and the satellite (or reference point) is also used to evaluate the execution condition, which relies on the GNSS location information. To guarantee the successful handover, GNSS location of UE should be as accurate as possible. However, during the period of GNSS reacquisition, the GNSS location information is near the edge of being out-of-date. Whether it is still accurate enough to use this GNSS location information to evaluate CHO condition should be discussed. As far as we can see, the CHO execution condition can only be performed after the GNSS measurement has been finished to ensure that the UE has an accurate location and is able to perform measurement on the candidate cells.
Proposal 5: UE doesn’t evaluate CHO condition before the GNSS position is re-acquired. 
3 Conclusion
Based on the discussion above we have following observations and proposals: 
Proposal 1: GNSS position fix time duration is not included in RRCReestablishmentComplete and RRCConnectionReconfigurationComplete messages.
Proposal 2: Msg3 is not used to report GNSS position fix time duration.
Proposal 3: UE reports the whole GNSS position valid duration only when it changes.

Proposal 4: UE goes to RRC_IDLE if its GNSS position is out-of-date, same as Rel-17.
Proposal 5: UE doesn’t evaluate CHO condition before the GNSS position is re-acquired. 
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