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Introduction

In last two RAN2 meeting, RAN2 made the following agreement regarding GNSS operation:

#121bis
Agreements:

There is no need for UE to provide GNSS position fix time duration in Msg3.

RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS

Agreements via email – from offline 104 – second round:

UE can stay in RRC_CONNECTED state when current GNSS position becomes out-of-date if the UE enters a GNSS measurement gap. FFS whether the new GNSS measurement shall be started before, upon or after the current GNSS validity duration expiry

For a UEs that cannot acquire system information and GNSS position at the same time, acquisition of SIB31 may be postponed until GNSS measurement is completed if the UE cannot complete acquisition of SIB31 before the start of GNSS measurement gap

Agreements online:

For the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE

RAN2 can discuss UE autonomously reacquire GNSS during inactive state of C-DRX based on RAN1’s input in the next RAN2 meeting

Working Assumption: 

GNSS validity duration UE reported after GNSS measurement is the remaining validity duration
#121
Agreements:

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

FFS whether the UE can stay in RRC_CONNECTED state when current GNSS position becoming out-of-date if the UE has initiated a new measurement

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.

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

RAN1 had made the following agreement regarding GNSS operation:
	#112bis

Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.

The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.
Conclusion
From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.
Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted
Note: details are up to RAN2
Send an LS to RAN2 for the conclusion.
Agreement
Draft LS in R1-2304125 is endorsed. Final LS in R1-2304126.

Agreement
On when the aperiodic GNSS measurement gap starts, which is aperiodically triggered by eNB with MAC CE, 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, considering HARQ feedback for the MAC CE, etc
Agreement
UE reports one GNSS position fix time duration for GNSS measurement via a N-bit field at least including [1,2] seconds as component values.
FFS: value of N, other component value(s) of GNSS position fix time duration (e.g. N=3, with value in [3,7,13,19,25, X] seconds, and X is FFS).
FFS: whether RAN4 input is needed.
#112

Agreement

The following alternatives can be considered to inform eNB the success of GNSS measurement at UE side after GNSS measurement in RRC connected.
Alt-1: The UE will report the new GNSS validity duration 
Alt-2: The reception of any UL transmission from the UE at eNB after the GNSS measurement
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

Agreement

UE reports only one GNSS position fix time duration for GNSS measurement at least when moving to RRC connected state.

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
#111

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 

#110bis

Agreement
Support eNB to at least aperiodically trigger UE to make GNSS measurement.

Decision: As per email decision posted on Oct 16th,

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

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 

Agreement
In connected mode, UE may report GNSS validation duration with MAC CE.

#110-e meeting
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

Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 

Option 1: UE re-acquires GNSS position fix during RLF procedure

Option 2: UE re-acquires GNSS position fix with a new gap 

Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.
#109

Conclusion
IoT NTN UE may need to re-acquire a valid GNSS position fix in long connection time. 

FFS: Whether and how to update or reduce the need to update GNSS position fix in long connection time

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 

Agreement
At least the following options can be considered on GNSS measurement in connected for potential enhancements for improved GNSS operations: 

Option 1: UE re-acquires GNSS position fix during RLF procedure

Option 2: UE re-acquires GNSS position fix with a new gap 

Note: this does not imply that a Rel-18 IoT NTN UE is mandated to support one or both of the options.

R1-2205553
Feature lead summary#2 of AI 9.12.3 on improved GNSS operations
Moderator (MediaTek)

Agreement
UE reports additional GNSS assistance information and further study the detailed GNSS assistance information, including e.g. GNSS position fix measurement time 

Note: Since RAN1 agreed that GNSS validity duration is reported by UE in Rel-17, it is already included in GNSS assistance information.

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. 




In this contribution, we will discuss the details of GNSS validation duration MAC CE, GNSS position fixtime duration.

Discussion
GNSS validation duration
In RAN2 #121 meeting, RAN2 agreed that 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 last RAN2 meeting, RAN2 had the WA that GNSS validity duration UE reported after GNSS measurement is the remaining validity duration, but no agreement on whether UE reports validity duration every time. 

We think the WA should be agreed. If UE reports the full GNSS validity duration, due to the latency of the report, network doesn’t know the remaining time of GNSS validity duration, and will be out of sync with UE on the status of GNSS validity.  

Regarding whether UE reports validity duration every time. Some companies think that UE only needs to report validity duration when the change of validity duration is higher than a threshold. However, validity duration report doesn’t only tell network about the remaining validity duration, but also tell network that UE has come back from GNSS measurement, especially when UE can finish the GNSS measurement far early before the end of GNSS measurement gap. Thus, we think UE should reports GNSS validity duration after each success GNSS measurement.

RAN2 confirm the WA that GNSS validity duration UE reported after GNSS measurement is the remaining validity duration. 
The UE reports GNSS validity duration after each success GNSS measurement. 
In last RAN2 meeting, RAN2 agreed that for the NB-IoT CP solution, UE will report the GNSS validity duration by using a MAC CE. We think the agreement should also be applied to NB-IOT UP solution and eMTC case. Otherwise, we end up with two solutions for GNSS validity duration report. The security concern raised by companies doesn’t make sense, as TA report also uses MAC CE. We do not see any difference between TA report and GNSS validity duration report.

For all the NB-IOT and eMTC cases, the UE reports GNSS validity duration by a MAC CE. 
When GNSS validity duration MAC CE is triggered, if there is no UL resources available, SR should be triggered. Otherwise, eNB may release the UE based on the old GNSS validity duration if the remaining validity duration is short. The SR resource can be separately configured for GNSS validity duration MAC CE.
When GNSS validity duration MAC CE is triggered, if there is no UL resources available, SR should be triggered. The SR resource can be separately configured for GNSS validity duration MAC CE.
When multiplexing and assembly the GNSS validity duration MAC CE into MAC PDU, GNSS validity duration MAC CE should have lower priority than TA report MAC CE, because TA report is related scheduling which requires much lower latency while GNSS validity duration is relatively long scale and less latency sensitive. GNSS validity duration MAC CE should have higher priority than BSR MAC CE, because BSR is less important than GNSS validity duration, the consequence is less significant than GNSS validity duration.

GNSS validity duration MAC CE has lower priority than Timing Advance report MAC CE but higher priority than BSR. 
Currently, UE will report GNSS validity duration in RRCConnectionSetupComplete, RRCConnectionResumeComplete, RRCConnectionReconfigurationComplete,  and RRCConnectionReestablishmentComplete. 

When GNSS validity duration MAC CE is triggered but not cancelled, UE may send RRCConnectionReconfigurationComplete message in response to RRCConnectionReconfiguration message, and GNSS validity duration will be included in RRCConnectionReconfigurationComplete message. In this case, there is no need to report GNSS validity duration MAC CE.
When GNSS validity duration is included in the RRCConnectionReconfigurationComplete message, all triggered GNSS validity duration MAC CE should be canceled. 
After GNSS validity duration MAC CE is included in the MAC PDU for transmission, all triggered GNSS validity duration MAC CE should be canceled.

After GNSS validity duration MAC CE is included in the MAC PDU for transmission, all triggered GNSS validity duration MAC CE should be canceled. 
When MAC resets, all triggered GNSS validity duration MAC CE should be canceled.

When MAC resets, all triggered GNSS validity duration MAC CE should be canceled. 
GNSS measurement gap
In last RAN2 meeting, RAN2 discussed the issue of whether multiple GNSS measurements are allowed during the GNSS measurement gap. And no conclusion was made. In last RAN1 meeting, RAN1 has agreed that eNB can configure the measurement gap and it is not necessarily same as GNSS position fix time:

	#112bis

Agreement
For the GNSS measurement gap aperiodically triggered with MAC CE, the duration for the GNSS measurement gap can be configured by eNB.

The gap duration is equal to the latest reported GNSS position fix time duration for measurement when the duration for GNSS measurement gap is not included in the configuration by eNB.


This is to give the eNB the flexibility to decide the length of GNSS measurement gap, i.e. be multiple times of GNSS position fix time duration, thereby allowing UE multiple attempts of GNSS measurement during the measurement gap to provide robustness against single failure of GNSS measurement. 
eNB can configure the length of GNSS measurement gap to be multiple times of GNSS position fix time duration, which allows UE multiple attempts of GNSS measurement during the GNSS measurement gap.
UE needs to maintain valid SIB31. In last RAN2 meeting, RAN2 discussed the issue of the acquisition of SIB31 falls into the GNSS measurement gap, and agreed that UE can postpone the acquisition of SIB31 until the completion of GNSS measurement.  In this section, we will discuss how to implement this.

There are two timers controlling the acquisition of SIB31: T317 and T318. T317 is used for determining the validity of SIB31. If T317 expires, it will trigger the start T318 to reacquire SIB31. If T318 expires, RLF will be trigger.
The acquisition of SIB31 falling into GNSS measurement gap refers to the following three cases:

- Case 1: T317 expires before the start of GNSS measurement gap, which triggers the start of T318 and the acquisition of SIB31. and UE has not acquired the SIB31 at the start of GNSS measurement gap.

- Case 2: T317 expires during the GNSS measurement gap. 
For case 1, to postpone the acquisition of SIB31 until the completion of GNSS measurement, we can simply stop the T318 and restart T318 until the completion of GNSS measurement.

For case 2, there are two solutions:

- Solution 1: T317 is suspended at the start of GNSS measurement gap, and resumed when UE finishes the GNSS measurement;

- Solution 2: When T317 expires during the measurement gap, the start of T318 is delayed to the completion of GNSS measurement.

Solution 1 has the drawback that UE has to wait until T317 expiry to acquire SIB31 after UE successfully finish GNSS measurement. Solution 2 can align with the solution used for case 1.
If T317 expires during GNSS measurement gap, the start of T318 is delay to the success of GNSS measurement.
If T318 starts (and not stopped) before GNSS measurement gap, T318 is stopped at the start of GNSS measurement gap and restarted when UE successfully finishes the GNSS measurement.
UE is required to continuously perform radio link monitoring(RLM). If N310 consecutive "out-of-sync" indications is received from physical layer, physical layer problem is detected, and UE will start timer T310. If N311 consecutive "in-sync" indications is received from physical layer while T310 is running, physical layer problem is recovered, and UE stops T310. If T310 expires, RLF is detected, UE will perform RRC reestablishment. 

As UE cannot perform any transmision/reception of LTE signal during the GNSS measurement gap, RAN2 agreed that RLM is suspended during the GNSS measurement gap while the UE is measuring GNSS. When RLM is suspended, RRC is not expected to receive "out-of-sync" and "in-sync" indication from physical layer, and thereby not triggering the start or stop of T310. 

However, we need to consider the case that T310 is started before the GNSS measurement gap. Since RLM is suspended, there is no physical layer “in-sync” indication to stop the T310. If T310 expires, it will trigger RLF. There are three options to solve the issue:

Option 1: T310 is stopped when GNSS measurement gap starts.

Option 2: T310 is suspended when GNSS measurement gap starts, and resumed when UE successfully finish the GNSS measurement.

Option 3: T310 is stopped when GNSS measurement gap starts, and restarted when UE successfully finish the GNSS measurement.
In our view, option 3 is preferred, as it allows UE to recheck whether physical layer problem is recovered in a reasonable time duration, i.e. the whole T310 time length.

T310 is stopped (if it is running) at the start of GNSS measurement gap, and restarted when UE successfully finish the GNSS measurement.
T312 is similar to T310. The use of T312 is for early trigger of RLF. The start of T312 is triggered by configured measurement event. When the configured measurement event occurs and T310 is running, UE will start T312. If N311 consecutive "in-sync" indications is received from physical layer while T310 is running, UE will stop T312. If T312 expires, UE declares RLF. The same solution used for T310 can be applied.

T312 is stopped (if it is running) at the start of GNSS measurement gap, and restarted when UE successfully finish the GNSS measurement.
 Autonomous acquisition of GNSS during inactive state of C-DRX
RAN1 has sent LS to RAN2 to indicate their view to not forbidden UE autonomously re-acquire GNSS during C-DRX inactive state:
	From RAN1 perspective, UE is not forbidden to autonomously re-acquire GNSS position fix during inactive state of Connected DRX.

·         Note: The configured DL/UL transmissions during inactive state of Connected DRX should not be impacted

·         Note: details are up to RAN2


In our understanding, the motivation to use DRX inactive period is to reduce the impact of GNSS measurement gap on UE transmission and reception activity. But considering that the time required for GNSS measurement is long, how to ensure that UE can finish GNSS measurement during one DRX inactive period needs to be considered. 

Firstly, network should configure a DRX cycle with DRX off period larger than position fix time duration. Secondly, network should not configure configured UL/DL on DRX off period. Thirdly, network should stop DL/UL scheduling before the end of DRX on period to avoid extension of active period. Lastly, to avoid HARQ feedback and retransmission falls into the DRX off period, network can disable DL HARQ feedback and configure UL HARQ mode B. For uplink transmission, UE can delay UL transmission until the start of DRX on period by implementation.
In sum, we think it is technical feasible to support GNSS measurement during the inactive period of C-DRX without impact on the DRX behavior. But network should know whether UE supports it in order to ensure a sufficiently long inactive period for UE to perform measurement. And network should tell UE whether GNSS measurement during the inactive period of C-DRX is applicable.
From RAN2 point of view, GNSS measurement during the inactive period of C-DRX is supported without spec impact on DRX functionality.
UE provides its capability on the support of GNSS measurement during the inactive period of C-DRX to eNB, eNB indicates UE whether GNSS measurement during the inactive period of C-DRX is applicable.
In many cases, eNB may not be always able to guarantee a sufficiently long and clean inactive period, due to e.g. frequent traffic exchange. It would be desirable that other GNSS measurement solutions (eNB triggered GNSS measurement and UE autonomous GNSS measurement) can work together with GNSS measurement during the inactive period. 
GNSS measurement during C-DRX inactive period should be able to work together with eNB triggered GNSS measurement and UE autonomous GNSS measurement.
Conclusions  

RAN2 confirm the WA that GNSS validity duration UE reported after GNSS measurement is the remaining validity duration. 
The UE reports GNSS validity duration after each success GNSS measurement. 
For all the NB-IOT and eMTC cases, the UE reports GNSS validity duration by a MAC CE. 
When GNSS validity duration MAC CE is triggered, if there is no UL resources available, SR should be triggered. The SR resource can be separately configured for GNSS validity duration MAC CE.
GNSS validity duration MAC CE has lower priority than Timing Advance report MAC CE but higher priority than BSR.
When GNSS validity duration is included in the RRCConnectionReconfigurationComplete message, all triggered GNSS validity duration MAC CE should be canceled. 
After GNSS validity duration MAC CE is included in the MAC PDU for transmission, all triggered GNSS validity duration MAC CE should be canceled.
When MAC resets, all triggered GNSS validity duration MAC CE should be canceled. 
eNB can configure the length of GNSS measurement gap to be multiple times of GNSS position fix time duration, which allows UE multiple attempts of GNSS measurement during the GNSS measurement gap.
If T317 expires during GNSS measurement gap, the start of T318 is delay to the success of GNSS measurement.
If T318 starts (and not stopped) before GNSS measurement gap, T318 is stopped at the start of GNSS measurement gap and restarted when UE successfully finishes the GNSS measurement.
T310 is stopped (if it is running) at the start of GNSS measurement gap, and restarted when UE successfully finish the GNSS measurement.
T312 is stopped (if it is running) at the start of GNSS measurement gap, and restarted when UE successfully finish the GNSS measurement.
From RAN2 point of view, GNSS measurement during the inactive period of C-DRX is supported without spec impact on DRX functionality.
UE provides its capability on the support of GNSS measurement during the inactive period of C-DRX to eNB, eNB indicates UE whether GNSS measurement during the inactive period of C-DRX is applicable.
GNSS measurement during C-DRX inactive period should be able to work together with eNB triggered GNSS measurement and UE autonomous GNSS measurement.
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