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In RAN1# 109e:
Agreement
Closed loop time and frequency correction, with potential enhancements, for IoT-NTN is considered to reduce the need for UE to update GNSS position fix in long connection time 

In RAN1# 110e:
Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers

In this contribution, we give some discussion on the GNSS operation for IoT NTN UE in long connection mode, based on the agreements from RAN1. 
Discussion
Based on the agreements above, RAN1 may discuss about the mechanism to reduce the need for UE to update GNSS position fix in long connection time, but has not achieved any clear agreements on this branch. In this contribution, we focus on discussing the branch of UE re-acquiring GNSS position fix. 
· Issue 1: negotiation for long connection mode
The Rel-17 IoT NTN UE will leave RRC_CONNECTED when GNSS position becoming out-of-date (upon indication of out-of-date GNSS position). So by default, the Rel-18 IoT NTN UE will also follow the procedure of Rel-17 IoT NTN UE, unless the UE and the network have some negotiation to keep UE in RRC_CONNECTED even the GNSS position have become out-of-date.
Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers
So if the eNB has triggered the UE to make GNSS measurements during the connection state (before the GNSS position becoming out-of-date), the UE will stay RRC_CONNECTED state even when the GNSS position becoming out-of-date later and re-acquire GNSS position fix. Otherwise the UE shall leave RRC_CONNECTED when the GNSS position becoming out-of-date, as Rel-17 IoT NTN UE. This can be seen as a kind of UE-eNB negotiation to keep UE in RRC_CONNECTED, but it seems like RAN1 has only achieved agreement on the option of eNB triggering the negotiation, for other option of UE triggering the negotiation, we can wait for more input from RAN1 if they will continue to discuss this option. 
Proposal 1：By default, Rel-18 IoT NTN UE will follow the Rel-17 IoT NTN UE procedure to leave RRC_CONNECTED upon indication of out-of-date GNSS position, unless the eNB has triggered the UE to make GNSS measurements during RRC connected state. For the option of UE triggering the UE to make GNS measurements, more RAN1 inputs (if they will) are needed.
For negotiation of long connection mode, another issue is, whether the negotiation is needed before each time the GNSS position becoming out-of-date. There are two options:
· Option 1: Negotiation of long connection mode is needed before each time the GNSS position becoming out-of-date
· Option 2: Keep the UE at connection mode after one time negotiation of long connection mode
For Option 1, if negotiation of long connection mode is not performed before the GNSS position becoming out-of-date, the UE will leave RRC_CONNECTED when the GNSS position becoming out-of-date. For Option 2, the UE/eNB can trigger RRC release procedure if the UE/eNB wants to leave RRC_CONNETED.
 Proposal 2：RAN2 discuss the following options for negotiation of long connection mode:
· Option 1: Negotiation of long connection mode is needed before each time the GNSS position becoming out-of-date
· Option 2: Keep the UE at connection mode after one time negotiation of long connection mode
According to RAN1 discussion, the GNSS position fix time duration for measurement of the same UE may be different at different time. So maybe the UE has to inform the network its GNSS position fix time duration for measurement before each time of the GNSS measurement. From this point of view, Option 1 may be more reasonable. 
· Issue 2: start/end time of the GNSS measurement
As the same with Rel-17 IoT NTN UE, simultaneous GNSS and NTN NB-IoT/eMTC operation is still not assumed for Rel-18 IoT NTN UE. That means the data transmission of IoT NTN UE will have to be suspended during the GNSS measurement. So we think the GNSS measurement which used to re-acquire UE GNSS position fix should not be started during the existing GNSS validity duration, i.e., before the GNSS position becoming out-of-date. Otherwise, the existing GNSS validity duration will be wasted.
Proposal 3：The GNSS measurement should not be started before the GNSS position becoming out-of-date.
For the end time of the GNSS measurement, the RAN1 is discussing about the issue that, whether the UE need to re-acquire the DL and UL synchronization after the GNSS measurement, because the GNSS measurement duration can last 1s-10s depending on the GNSS module state (hot re-start or warm re-start) and the GNSS channel state. If UL re-synchronization is always needed after the GNSS measurement, a RACH procedure will be performed, then the end time of the GNSS measurement can be the time that the UE performing the RACH procedure. 
Proposal 4：For the end time of the GNSS measurement, RAN2 can wait the discussion of RAN1.
· Issue 3: issues related with GNSS measurement gap
According to the following agreements:
Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 
The UE will report its GNSS position fix time duration for measurement to network, so generally, the network can be aware of the duration of UE perform GNSS measurement. It can be an implicit way to let the UE and NW aware the duration of GNSS measurement, as discussed in issue 2 section, if the GNSS measurement is started at the time of out-of-date GNSS position, and is ended at the time the UE performing RACH procedure for UL re-synchronization. It can also be an explicit way to let the UE and NW aware the duration of GNSS measurement. For example, the NW configures a gap for GNSS measurement by signaling, during which the UE and network will suspend the data transmission, and the network can also determine when to re-schedule the UE. 
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]However, for the implicit way discussed above, considering some abnormal case, the UE cannot acquire the GNSS position for a very long time, it is not reasonable for the network to keep waiting for the UE RACH procedure for such a long time. It is confusion for NW and UE when to release the UE context for the implicit option. So an explicit configuration for the GNSS measurement gap is also needed in this case.
Proposal 5：NW should configure a gap via explicit RRC signaling for GNSS measurement.
If a GNSS measurement gap is configured, the two following questions need to be discussed: 
· Whether the UE need to inform the finish of GNSS measurement before the end of the gap? 
· What is the UE/network behavior if the UE has not re-acquired GNSS position successfully at the GNSS gap end time?
Firstly, because the GNSS channel may have become worse after UE reporting its GNSS position fix time duration for measurement, the UE may need consume more time than the GNSS position fix time duration for measurement UE reported, to perform several GNSS measurement attempts, so the gap configured by the UE should take this into account, and longer time is needed for GNSS measurement. 
And then for the two questions above, the following two cases can be considered:
· Case 1: the UE will re-acquire UL synchronization after GNSS measurement.
In this case, UL synchronization is needed and can be achieved by RACH, the UE has actually informed the network the finish of GNSS measurement by the RACH procedure. 
And in this case, the GNSS measurement gap could cover the length of several GNSS position fix time durations reported by UE, because the data transmission can be restated in time by RACH procedure. If the UE fails to re-acquire the GNSS position at the end of the gap time, the UE should leave connected, and the network may release the UE context, if the NW couldn’t receive the RACH procedure from the UE at the end of the time.
· Case 2: the UE will not re-acquire UL synchronization after GNSS measurement
In this case, the RACH may not be needed, so UE and NW will consider the connection is resumed upon the end of the gap. In order to avoid long interruption, the GNSS measurement gap should not be much longer than the GNSS position fix time duration reported by UE. But, certainly, the network can still let the UE inform the finish of the GNSS measurement if network wants to do that.
In this case, the UE should keep RRC_CONNECTED if the UE has not finish GNSS measurement successfully after the configured GNSS measurement gap, but tries to re-acquire the GNSS late soon. The recovery of the connection for this case should be taken into consideration. The network can configure GNSS measurement gap which is not much longer than the GNSS position fix time duration reported by UE, and a parameter N. Then the network try to restart the data transmission at the end of each GNSS measurement gap, and if the network can’t restart the data transmission successfully after N time’s GNSS measurement gap, the UE should leave and the network should let the UE leave the RRC_CONNETED. 
Proposal 6: The UE should be allowed to perform several times of GNSS measurement attempts based on suitable network configuration.
Proposal 7: The UE behavior related to GNSS measurement:
· If the UE will re-acquire UL synchronization after GNSS measurement
· the UE informs the finish of GNSS measurement to network by RACH procedure
· the UE and the network should let the UE leave the RRC_CONNECTED if the UE cannot re-acquire the GNSS position before or at the end of the measurement gap.
· If the UE will not re-acquire UL synchronization after GNSS measurement
· the UE may need not inform the finish of GNSS measurement to network
· the UE and the network should let the UE leave the RRC_CONNECTED if the UE cannot re-acquire the GNSS position after N times of measurement gap
Issue 4: Signaling for UE reporting GNSS assistance information
For GNSS assistance information, the following RAN1 agreements have been achieved: 
Agreement
GNSS assistance information that UE reports to eNB at least consists of:
· GNSS position fix time duration for measurement 
· GNSS validity duration 

Agreement
When eNB triggers UE to make GNSS measurements, UE re-acquires GNSS position fix
· FFS details of signalling
· FFS how UE reports GNSS assistance information after eNB trigger and the detailed content
· Note: further discuss whether a UE is expected to handle all eNB triggers
It seems like RAN1 assumes the UE will report GNSS assistance information after the eNB triggering UE to make GNSS measurement. So the UL dedicated RRC signaling should be used for GNSS assistance information report. We think it is reasonable:
· GNSS position fix time duration for measurement: this is used for the network to determine the needed time duration for GNSS measurement, and the value could be different at different time because of the change of the GNSS channel quality. And whether the UE is needed to keep long connection mode is depended on its traffic requirement, which can’t be determined before or during the RACH procedure. So GNSS position fix time duration for measurement should not be carried via Msg5. It is better to be reported not too early than the time UE perform the GNSS measurement.
· GNSS validity duration: UE report its GNSS validity duration via Msg5 which has acquired before RACH has been supported in Rel-17 IoT NTN UE. However, the UE should also report its GNSS validity duration after each GNSS measurement during the RRC_CONNECTED state. Msg5 is not suitable for the GNSS validity duration report for the UE in RRC_CONNECTED.
Observation 1: Msg5 is not suitable for GNSS assistance information report for the UE in RRC_CONNECTED.
The difference of the two GNSS assistance information report is, the GNSS position fix time duration for measurement should be reported before GNSS measurement, and the GNSS validity duration is reported after GNSS measurement. Due to the GNSS position fix time duration for measurement should be report before the GNSS measurement, so it seems reasonable the report is under the NW control. i.e. UE should report the GNSS position fix time duration for measurement when the NW indicate the UE to report it, for the case of eNB triggering UE to make GNSS measurements. As for which message should be used could be discussed further.
Proposal 8:  For the case of eNB triggering UE to make GNSS measurements, UE report the GNSS position fix time duration for measurement when the NW indicate the UE to report it. FFS for the detail of the message.
As for the GNSS validity duration report, it can be reported once the UE recovery the transmission with the NW after reacquiring the GNSS position. And like the initial report via MSG5, it doesn’t need the NW indication to trigger the report. And considering the RACH procedure may needed to achieve the UL sync, so besides the RRC signaling, the MAC CE can also be taken into consideration to include the GNSS validity duration. Details can be discussed further.
Proposal 9:  UE report the remaining GNSS validity duration when the UE recovery the connection with the NW after re-acquire the GNSS position without NW indication. FFS for the detail of the message.
Conclusion
In this contribution, we give some discussion on the GNSS operation based on the RAN1 agreements, and the following observation and proposals are given:
Observation 1: Msg5 is not suitable for GNSS assistance information report for the UE in RRC_CONNECTED.
Proposal 1：By default, Rel-18 IoT NTN UE will follow the Rel-17 IoT NTN UE procedure to leave RRC_CONNECTED upon indication of out-of-date GNSS position, unless the eNB has triggered the UE to make GNSS measurements during RRC connected state. For the option of UE triggering the UE to make GNS measurements, more RAN1 inputs (if they will) are needed.
Proposal 2：RAN2 discuss the following options for negotiation of long connection mode:
· Option 1: Negotiation of long connection mode is needed before each time the GNSS position becoming out-of-date
· Option 2: Keep the UE at connection mode after one time negotiation of long connection mode
Proposal 3：The GNSS measurement should not be started before the GNSS position becoming out-of-date.
Proposal 4：For the end time of the GNSS measurement, RAN2 can wait the discussion of RAN1.
Proposal 5：NW should configure a gap via explicit RRC signaling for GNSS measurement.
Proposal 6: The UE should be allowed to perform several times of GNSS measurement attempts based on suitable network configuration.
Proposal 7: The UE behavior related to GNSS measurement:
· If the UE will re-acquire UL synchronization after GNSS measurement
· the UE informs the finish of GNSS measurement to network by RACH procedure
· the UE and the network should let the UE leave the RRC_CONNECTED if the UE cannot re-acquire the GNSS position before or at the end of the measurement gap.
· If the UE will not re-acquire UL synchronization after GNSS measurement
· the UE may need not inform the finish of GNSS measurement to network
· the UE and the network should let the UE leave the RRC_CONNECTED if the UE cannot re-acquire the GNSS position after N times of measurement gap
[bookmark: _GoBack]Proposal 8:  For the case of eNB triggering UE to make GNSS measurements, UE report the GNSS position fix time duration for measurement when the NW indicate the UE to report it. FFS for the detail for the message.
Proposal 9:  UE report the remaining GNSS validity duration when the UE recovery the connection with the NW after re-acquire the GNSS position without NW indication. FFS for the detail for the message.
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