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[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the GNSS operation in connected mode, lots of agreements have been achieved during the past several RAN1 meetings, and based on these agreements RAN2 can start to discuss high layer impacts. In this contribution, we give some discussion on the GNSS operation for IoT NTN UE in long connection mode. 
Discussion
Negotiation for long connection mode
Considering the agreements made in Rel-17 and the compatibility, the Rel-17 IoT NTN UE will leave RRC_CONNECTED state when current GNSS position becoming out-of-date (upon indication of out-of-date GNSS position), regardless the UE is served by Rel-17 or Rel-18 eNB.
For Rel-18 IoT NTN UE, when current GNSS position becoming out-of-date:
· If the UE does not support improved GNSS operations (i.e. the UE supports long connection mode), it will leave RRC_CONNECTED, regardless it is served by Rel-17 or Rel-18 eNB
· If the UE supports improved GNSS operations:
· it will leave RRC_CONNECTED, if it is served by Rel-17 eNB, or by Rel-18 eNB who does not support improved GNSS operations
· it can keep RRC_CONNECTION state, if it is served by  Rel-18 eNB who supports improved GNSS operations, depending the traffic requirement, for example, based on the UE requirement or the network configuration
So the first issue is, the network and the UE have to know each other that whether the other party supporting improved GNSS operations or not. 
For network capability, RAN1 has the following agreement:
	Agreement
UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 


So the UE has to confirm whether the network supports improved GNSS operations, before the UE reports GNSS position fix time duration for measurement to the network during the initial access, otherwise, there is potential resource waste, because the network may not support the improved GNSS operations. 
Observation 1: UE should confirm whether the network supports improved GNSS operations or not, before the UE reports GNSS position fix time duration for measurement to the network during the initial access, to avoid potential resource waste. 
For UE side, the network needs to know whether the UE supports the improved GNSS operations, otherwise, the network may configure the UE to keep long connection and trigger the UE to perform GNSS measurement, even the UE does not support the improved GNSS operations.
Observation 2: Network needs to know whether the UE supports improved GNSS operations or not, to avoid invalid configuration to UE. 
So maybe an indication to indicate whether the UE supports the improved GNSS operations is needed, unless all the Rel-18 IoT NTN UEs are mandatory to support the improved GNSS operations, or the potential invalid configuration to UE is not a severe issue.
Proposal 1: RAN2 to discuss whether indication is needed to indicate whether the network/UE supporting the improved GNSS operations. 
If a network indication is needed, the network has to transmit the indication to UE before the UE reports GNSS position fix time duration for measurement to the network during the initial access, for example, via system information, RAR or Msg4. 
If an UE indication is needed, maybe an implicit indication is enough, for example, if an UE reports the GNSS position fix time duration for measurement to the network during the initial access, the network can determine the UE supports the improved GNSS operations. 
Proposal 2: RAN2 to discuss how to deliver the indication of whether the UE/network supporting the improved GNSS operations is needed.
The next issue is, if both the UE and the network support the improved GNSS operations, whether the UE should stay RRC_CONNECTED, when the current GNSS position becoming out-of-date. 
Generally, this should be depended on the traffic requirement. The traffic requirement can be triggered by UE (e.g. the UE confirms that the UL traffic has not finished yet), or by network (e,g. the network confirms the DL traffic has not finished yet).
RAN1 has achieved the following agreements in RAN1# 109e meeting:
Agreement
Further study on whether there is a need for potential enhancements on the following for long connection time
· UE triggered GNSS measurement.
· Network triggered GNSS measurement. 
And RAN1 has achieved lots agreements related with the branch of Network triggered GNSS measurement (which can be seen as the branch of traffic requirement of keeping long connection triggered by network) as following, with no further agreements related with the branch of UE triggered GNSS measurement:
The agreements in RAN1# 110bis-e meeting:
Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.

Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.

And the agreements in RAN1# 111 meeting:
	Agreement
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 



So for the branch of network triggering the traffic requirement of keeping UE in RRC_CONNETED state, when the current GNSS position becoming out-of-date, there may be two options:
· The eNB aperiodically triggers UE to make GNSS measurement
· The UE require GNSS autonomously based on network configuration
Based on the analysis above, the following proposal can be given, at least for branch of network triggering the traffic requirement of keeping UE in RRC_CONNETED state when current GNSS position becoming out-of-date:
Proposal 3: By default, Rel-18 IoT NTN UE (supporting the improved GNSS operations) will leave RRC_CONNECTED state when current GNSS position becoming out-of-date, unless configured by network to perform GNSS measurement (e.g. eNB aperiodically triggers UE to perform GNSS measurement or UE re-acquires GNSS autonomously based on network configuration). 
For the branch of UE triggering the traffic requirement of keeping UE in RRC_CONNETED state when current GNSS position becoming out-of-date (i.e. the branch of UE triggered GNSS measurement), RAN2 can wait for the further conclusion of RAN1. Or RAN2 can  discuss whether some assistance information about UE preference on keep long connection should be reported to network, because whether the UE should stay RRC_CONNECTED state should be determined and configured by network, at last.
Proposal 4: RAN2 to discuss whether UE reports to network the assistance information about UE preference on long connection.
GNSS validation duration report
It has been supported that UE reports GNSS validation duration via Msg5 in R17. And for the UE in connected mode, it was agreed in RAN1# 111e meeting that
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
 For simplicity, we can name this MAC CE as GNSS validation duration MAC CE. Based on the progress in RAN1, there is no agreement on how UE to trigger GNSS validation duration MAC CE report. The two following Options can be considered:
· Option 1: UE triggers the GNSS validation duration after each time of GNSS measurement
· Option 2: UE does not trigger GNSS validation duration after each time of GNSS measurement, if the UE does not trigger GNSS validation duration after a GNSS measurement, the GNSS validation duration triggered before can be reused
Considering the possible change of GNSS validation duration after each GNSS measurement, Option 2 may be simpler and more reasonable. It is proposed that:
Proposal 5：GNSS validation duration MAC CE should be triggered after each successful GNSS measurement.
Another issue of GNSS validity duration report is the possible values of the GNSS validity duration. The value range of the remaining GNSS validity duration has been discussed in Rel-17 and the following value range has been agreed, i.e. {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}. For simplicity, the same value can be used for GNSS validation duration MAC CE unless modified by RAN1.
Proposal 6: 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 for R17, can be reused for GNSS validation duration MAC CE unless modified by RAN1.
Other issues for GNSS validation duration MAC CE can be further studied. For example, whether LCID or eLCID can be used, the MAC CE format, whether this MAC CE will trigger SR or RACH if there is no uplink grant to carry this MAC CE, etc. 
GNSS position fix time duration report
There is the following agreement in RAN1# 111 meeting:
	Agreement
UE reports GNSS position fix time duration for measurement at least during the initial access stage
· which message carries this information is up to RAN2 


 
So RAN2 need to discuss which message should be used to carry the information of GNSS position fix time duration for measurement.
In Rel-17, there is an agreement for remaining GNSS validity duration in RAN2# 118e meeting:
P3: The new parameter for remaining GNSS validity duration is introduced in the following Msg5 messages: RRCConnectionResumeComplete, RRCConnectionSetupComplete, RRCreestablishmentComplete RRCConnectionResumeComplete-NB, RRCConnectionSetupComplete-NB, RRCreestablishmentComplete-NB.
For simplification, the same message, i.e. Msg5, can be used also for GNSS position fix time duration for measurement during the initial access stage. However for RRC reestablishment complete message, considering the target cell could get the GNSS position fix time duration from the source cell, so the UE doesn’t need to provide GNSS position fix time duration via RRC reestablishment complete message. So we give the following proposal:
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Proposal 7: For GNSS position fix time duration for measurement during the initial access stage, the following Msg5 message can be used: RRCConnectionResumeComplete, RRCConnectionSetupComplete, RRCConnectionResumeComplete-NB, RRCConnectionSetupComplete-NB.

The UE behavior when the UE can’t re-acquire GNSS position fix during the GNSS measurement gap duration
RAN1 has the following agreement in RAN1# 111 meeting:
	Agreement
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 


That is, for the case of eNB aperiodically triggering connected UE to make GNSS measurement, the UE can perform GNSS measurement during a configured gap. One question is, what the UE behavior is, if the UE can’t re-acquire GNSS position fix during the GNSS measurement gap duration successfully, for abnormity handling.  There may be the two following options can be considered:
· Option A: the UE leaves RRC_CONNECTED state, for UE has no valid GNSS position.
· Option B: the UE try another one or several attempts of GNSS measurement in duration, e.g., configured by network. 
Generally, the gap is configured based on the GNSS position fix time duration for measurement reported by UE, the UE can complete the GNSS measurement successfully, so Option A is simple and direct.  However, according to the agreements above, currently, RAN1 has only agreed to let UE report GNSS position fix time duration for measurement during the initial access stage. Then the GNSS channel quality may have changed, from the moment of UE reporting GNSS position fix time duration for measurement, to the moment of the UE performing GNSS measurement actually. Maybe the UE can’t complete the GNSS measurement during the gap which configured based on the GNSS position fix time duration for measurement. So Option B maybe also reasonable, because the UE has the traffic requirement to stay RRC_CONNECTED state, indeed. 
Proposal 8: The UE should try another one or several attempts of GNSS measurement in duration, e.g., configured by network.
Other issues:
Some other issues have been under discussion of RAN1, for example:
· Whether the UE will re-acquire UL synchronization after GNSS measurement, considering the GNSS measurement duration can be last 1s-10s depending on the GNSS module state (hot re-start or warm re-start) and the GNSS channel state
· The detail of gap configuration for eNB aperiodically triggering connected UE to make GNSS measurement
· The detail mechanism (e.g. based on configured timing) of UE re-acquiring GNSS autonomously (when configured by network)
· Whether allow the UE to recover RRC connection before the end of the gap when the UE successfully complete the GNSS measurement, and how the UE can confirm the RRC connection has been recovered
RAN2 can just wait the further input from RAN1.
Conclusion
In this contribution, we give some discussion on the GNSS operation based on the RAN1 agreements, and the following observations and proposals are given:
Observation 1: UE should confirm whether the network supports improved GNSS operations or not, before the UE reports GNSS position fix time duration for measurement to the network during the initial access, to avoid potential resource waste. 
Observation 2: Network needs to know whether the UE supports improved GNSS operations or not, to avoid invalid configuration to UE. 
Proposal 1: RAN2 to discuss whether indication is needed to indicate whether the network/UE supporting the improved GNSS operations. 
Proposal 2: RAN2 to discuss how to deliver the indication of whether the UE/network supporting the improved GNSS operations is needed.
Proposal 3: By default, Rel-18 IoT NTN UE (supporting the improved GNSS operations) will leave RRC_CONNECTED state when current GNSS position becoming out-of-date, unless configured by network to perform GNSS measurement (e.g. eNB aperiodically triggers UE to perform GNSS measurement or UE re-acquires GNSS autonomously based on network configuration). 
Proposal 4: RAN2 to discuss whether UE reports to network the assistance information about UE preference on long connection.
Proposal 5：GNSS validation duration MAC CE should be triggered after each successful GNSS measurement.
Proposal 6: 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 for R17, can be reused for GNSS validation duration MAC CE unless modified by RAN1.
Proposal 7: For GNSS position fix time duration for measurement during the initial access stage, the following Msg5 message can be used: RRCConnectionResumeComplete, RRCConnectionSetupComplete, RRCConnectionResumeComplete-NB, RRCConnectionSetupComplete-NB.
Proposal 8: The UE should try another one or several attempts of GNSS measurement in duration, e.g., configured by network.
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