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[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK1][bookmark: OLE_LINK2]For the GNSS operation in connected mode, some agreements have been achieved during the last RAN1 and RAN2 meeting, and some open issues were left after discussion in RAN2. 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
In our contribution [1] of last meeting, we have analyzed that, the network need to know whether UE supports the improved GNSS operation, to avoid invalid configuration related with improved GNSS operation, for example, to trigger connected UE perform GNSS operation. And the UE need also to know whether the network supports the improved GNSS operation, to avoid unnecessary report of GNSS position fix time duration for measurement. 
During the offline discussion of [AT121][101][IoT NTN enh] GNSS operation (CATT) [2], companies thought that, UE capability may be needed, but can be discussed later. And network indication may be needed, but no network capability should be defined.  
So maybe RAN2 can achieve a common understanding that, indications to indicate whether the UE/network supports the improved GNSS operation is needed, leaving the capability definition or implicit/explicit indication open.
Proposal 1: Indications are needed to indicate whether the network/UE supporting the improved GNSS operations.
· FFS whether UE capability is needed
· FFS implicit/explicit indication
The next issue discussed in [1] 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support the improved GNSS operations, whether the UE should stay RRC_CONNECTED, when the current GNSS position becoming out-of-date. And based on the discussion based on [2] during the meeting, the following conclusion was given:
· FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement
We can discuss this issue in two aspects:
If the UE has initiated a new GNSS measurement, before the current GNSS position becoming out-of-date, for example, the eNB just trigger the UE performing GNSS measurement (via MAC CE based on the RAN1 agreement) even the current GNSS position is still valid, the UE will:
· Stay in RRC_CONNECTED state
· Suspend the uplink transmission
· Report the new GNSS validity duration after GNSS measurement
· Use the new GNSS position for transmission
 So if the UE has initiated a new GNSS measurement before the current GNSS position becoming our-of-date, the validity evaluation of the current GNSS position should be ignored or stopped. Then the case will not happen that when current GNSS position becoming out-of-date if the UE has initiated a new measurement before the current GNSS position becoming out-of-date.
Proposal 2: The UE should stay in RRC_CONNECTED state if the UE initiates a new GNSS measurement before the current GNSS position becoming out-of-date, and validity evaluation of the current GNSS position should be ignored or stopped. 
Another aspect is, the UE has initiated a new GNSS measurement, after the current GNSS position becoming out-of-date, for example, the UE may re-acquire GNSS autonomously (when configured by the network) if UE does not receive eNB trigger to make GNSS measurement. In this case, we have to discuss the UE behavior when the current GNSS position becoming out-of-date. 
According to the RAN1 agreement:
	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 


It is possible the UE re-acquires GNSS autonomously without eNB trigger, but with a network configuration. In this case, it is reasonable that UE stays RRC_CONNECTED and re-acquires GNSS, at the time of the current GNSS becoming our-of-date. If there is no network configuration to let UE re-acquire GNSS autonomously, the UE should leave RRC_CONNECTED, as what the Rel-17 IoT NTN UE does. 
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 it has been indicated by network to perform GNSS measurement.
Security issue of MAC CE
For eNB triggering UE performing GNSS measurement, RAN1 has the following agreement:
Agreement
If eNB aperiodically triggers UE to make GNSS measurement, a MAC CE is used.
And for GNSS validation duration report, RAN1 has the following agreement:
Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.
During the discussion of last meeting [2], some companies had security concern on using MAC CE, which cannot be protected by current security mechanism. For example, the fake eNB may trigger the UE to perform GNSS measurement, if MAC CE trigger is used. The result is a fake eNB can interrupt the ongoing data transmission. And for GNSS validation duration via MAC CE, companies may worry about an aggressive UE can report an invalid GNSS duration, for example, a shorter or longer GNSS duration, which may result in more frequent GNSS measurement, or system interference. 
After check with RAN1 guys, the initial purpose to use MAC CE is transmitting the information to the other entity timely, which also is the advantage of MAC CE comparing to RRC signaling.  For example, if the eNB determines that the UE needs to perform GNSS measurement, based on its own evaluation, the eNB may hope to trigger the UE in time. And if the UE has completed the GNSS measurement and wants re-start the data transmission, the UE wants to indicate to eNB and report the new GNSS validation duration in time. We tend to agree with the purpose of RAN1.
For the security issue, there are already some MAC CEs, which may have serious impacts if used by fake eNB or aggressive UE. For example, there is Activation/Deactivation MAC Control Elements in DL, which is used to activate or deactivate the indicated serving cell. A fake eNB can deactivate the serving cell of the UE, just sending the MAC CE with random ServCellIndex seting. And for UL, there is Timing Advance Report MAC Control Element, the aggressive UE can report an invalid TA to eNB, which may result in system interference. So we tend to think the security issue is not so serious using MAC CE for GNSS measurement triggering and GNSS validity duration report.
Proposal 4: RAN2 follows the RAN1 agreement to:
· Defined new MAC CE for eNB aperiodically triggering UE to make GNSS measurement
· Defined new MAC CE for GNSS validation duration report
GNSS validation duration report
For GNSS validation duration report, the following conclusion was achieved in last RAN2 meeting:
Agreement:
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
Two open issues are left:
· FFS if the duration is the remaining validity duration or the whole duration
In Rel-17, the remaining GNSS validity duration is report:
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.
From our aspect, RAN1 has little discussion on issue that the “GNSS validation duration” in their agreements is whole duration or remaining duration, maybe with a default or the same understanding with Rel-17.
Furthermore, the following modification was agreed for TA MAC CE report in last meeting [3]:
	A MAC PDU shall contain at most one Timing Advance Report MAC CE, even when multiple events have triggered a Timing Advance report. The Timing Advance Report MAC CE shall be generated based on the latest available estimate of the UE's Timing Advance value prior to the MAC PDU assembly.


The reason is, the interval between TA reporting generating time T1 and the available UL resources time T2 may be large, so it should be assumed that the TA reporting is based on the latest estimation. For the similar reason, we think the “GNSS validation duration” should be the remaining duration, keeping the same understanding with Rel-17, and considering the actual reporting delay of the available UL resources. Especially, before report the GNSS validity duration, the IoT NTN UE may need re-synchronization with eNB or uplink resources request via SR, when the UE complete the GNSS measurement. We can confirm the understanding with RAN1 if necessary. 
Proposal 5: GNSS validation duration is remaining validity duration. 
· FFS the necessity of confirmation with RAN1
· FFS whether the UE reports every time or only if the validity duration changes.
As discussed above, if the GNSS validation duration is remaining validation duration, it may be changed every time the UE report it after the GNSS measurement, considering the possible reporting delay of the available UL resources. So for simplification, we think the UE should report the validity duration every time the UE completing the GNSS measurement.
Proposal 6:  The UE report the GNSS validity duration every time after the UE completing the GNSS measurement. 
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
For GNSS position fix time duration report, RAN2 has the following agreements in last meeting:
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.
	FS for Msg3
For RRCReestablishmentComplete message, we think that, for a successful RRC re-establishment procedure, the network can retrieve and verify the UE context, including the GNSS position fix time duration reported by UE before. And for RRCConnectionReconfigurationComplete  message, the source eNB can send the UE context, including the GNSS position fix time duration, to target eNB. So there is no need to use RRCReestablishmentComplete and RRCConnectionReconfigurationComplete message to report GNSS position fix time duration.
For Msg3, the size of Msg3 is very limited, and it is not so urgent to report the GNSS position fix duration time to eNB, we don’t think it is necessary to report GNSS position fix duration time via Msg3.
Proposal 7: The following messages will not be used for GNSS position fix duration time report: RRCreestablishmentComplete, RRCConnectionReconfigurationComplete and Msg3.
GNSS measurement gap configuration
For the GNSS measurement gap configuration, RAN1 has the following agreements in last meeting:
	Agreement
On the length of GNSS measurement gap, which is aperiodically triggered by eNB, the gap duration should be equal to or larger than the latest UE reported GNSS position fix time duration.
FFS: whether the gap duration is configured by eNB, or the gap duration is equal to the latest reported GNSS position fix time duration.

Agreement
On when the GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, RAN1 can down select one of the following alternatives:
· Alt 1: the start time should be at n+ X, where n is the end of MAC CE receiving subframe/slot
· FFS: details of X, e.g. predefined value or configured value
· Alt 2: the start time should be based on the current GNSS validity duration with delay or without delay


RAN2 can just wait for the output of RAN1, for the GNSS measurement gap configuration and usage, but we think the eNB should have the chance to configure a gap which is not equal to the latest reported GNSS position fix time duration, considering the flexibility. If the eNB has not configured the GNSS measurement gap, the latest reported GNSS position fix time duration can be used as gap duration.
Proposal 8: The eNB can configure the GNSS measurement gap, the duration of which is equal or larger than the latest UE reported GNSS position fix time duration. Otherwise, the gap duration is equal to the latest reported GNSS position fix time duration.
Closed loop time correction
For the closed loop time correction, RAN1 has the following agreement:
	Agreement
At least for the case when frequency error is within frequency error requirements, study the mechanisms and conditions to allow UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
· FFS: with legacy closed loop time correction or enhanced closed loop time correction
· This mechanism is enabled/configured by eNB
· FFS: whether such mechanism will be specified depends on the outcome of this study


If the frequency error is within frequency error requirements, the supporting closed loop time correction can reduce GNSS measurement time, which is beneficial for valid data transmission and power saving.  RAN2 should also start the study on this mechanism and give RAN2 outcome to help to determine whether such mechanism can or need to be specified.
Obviously, according to the RAN1 agreement above, an indication or configuration is needed to enable or configure this mechanism by eNB, i.e., to let UE to know it can continue UL transmission after original GNSS validity duration expires without GNSS re-acquisition for some duration.
Another issue, how to determine the duration during which the UE can continue UL transmission after original GNSS validity duration expires without GNSS re-acquisition. One option is the eNB configure a duration when enable/configure the mechanism, another option may be the UE can continue UL transmission after original GNSS validity duration expires without GNSS re-acquisition, until the eNB gives another indication, e.g, the eNB triggers the UE perform GNSS measurement, or the eNB release RRC connection. 
Proposal 9: RAN2 to discuss the mechanism of closed loop time correction at least on the following issues:
· How to enable/configure the mechanism
· How to determine the duration during which the UE can continue UL transmission without GNSS re-acquisition after original GNSS validity duration expires 
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. 
According the RAN1 agreement above, the measurement gap is equal to or larger than the latest UE reported GNSS position fix time duration. So generally, the UE can complete the GNSS measurement successfully. 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 10: 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 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:
Proposal 1: Indications are needed to indicate whether the network/UE supporting the improved GNSS operations.
· FFS whether UE capability is needed
· FFS implicit/explicit indication
Proposal 2: The UE should stay in RRC_CONNECTED state if the UE initiates a new GNSS measurement before the current GNSS position becoming out-of-date, and validity evaluation of the current GNSS position should be ignored or stopped. 
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 it has been indicated by network to perform GNSS measurement.
Proposal 4: RAN2 follows the RAN1 agreement to:
· Defined new MAC CE for eNB aperiodically triggering UE to make GNSS measurement
· Defined new MAC CE for GNSS validation duration report
Proposal 5: GNSS validation duration is remaining validity duration. 
· FFS the necessity of confirmation with RAN1
Proposal 6:  The UE report the GNSS validity duration every time after the UE completing the GNSS measurement. 
Proposal 7: The following messages will not be used for GNSS position fix duration time report: RRCreestablishmentComplete, RRCConnectionReconfigurationComplete and Msg3.
[bookmark: _GoBack]Proposal 8: The eNB can configure the GNSS measurement gap, the duration of which is equal or larger than the latest UE reported GNSS position fix time duration. Otherwise, the gap duration is equal to the latest reported GNSS position fix time duration.
Proposal 9: RAN2 to discuss the mechanism of closed loop time correction at least on the following issues:
· How to enable/configure the mechanism
· How to determine the duration during which the UE can continue UL transmission without GNSS re-acquisition after original GNSS validity duration expires 
Proposal 10: The UE should try another one or several attempts of GNSS measurement in duration, e.g., configured by network.
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