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Introduction

RAN1 had made the following agreement regarding GNSS operation:
	#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, and measurement gap.

Discussion
GNSS validation duration MAC CE
RAN1 has agreed that connected mode UE may re-acquire GNSS autonomously or when triggered aperiodically by eNB. And UE can report GNSS validity duration using MAC CE in connected mode.
If GNSS position fix is re-acquired, GNSS validity duration MAC CE is triggered. 
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 position fix time duration
RAN1 has agreed to report GNSS position fix time duration at least during the initial access stage, and left to RAN2 to decide which message to carry this information.

However, it is unclear whether UE needs to update GNSS position fix time duration during connected mode. 

We suggest to ask RAN1 this issue before making decision on which message to carry this information.
Send LS to RAN1 to ask if UE needs to update GNSS position fix time duration during connected mode. 
Measurement Gap
Gap configuration:

RAN1 has agreed that GNSS measurement can be aperiodically triggered by eNB, and UE can re-acquire GNSS using a gap. RAN1 also agreed that UE can autonomously re-acquire GNSS if network doesn’t trigger GNSS measurement, but FFS on based on configured timing or not. 

First issue regarding the gap configuration is whether the gap length is predetermined or configured. If it is predetermined, it can be set to the reported value of GNSS position fix time duration. If it is configured, network can choose a different value than GNSS position fix time duration. For example, network can configure gap length to 2* GNSS position fix time duration to enable UE to try twice of GNSS measurement to increase the success rate of GNSS acquisition.

For GNSS measurement triggered by eNB or UE itself, the measurement gap length can be configured by eNB. 
If RAN2 agrees to configure the gap length, another issue is whether it is configured via RRC or MAC CE. 

The issue of configuring the gap length through RRC is that RRC reconfiguration is not supported for NB-IOT with CP optimization. So, gap length can only be configured in RRC setup message. However, eNB needs the reported GNSS position fix time duration to determines the gap length, which may be sent to eNB as early as msg5.
One way to address the above issue is that network configure a scale factor for the gap length. The actual gap length = scale factor* the reported GNSS position fix time duration. In this way, eNB doesn’t need to know the actual reported GNSS position fix time duration. 

For GNSS measurement triggered by eNB or UE itself, the measurement gap length is configured via RRC message. 
When to start the GNSS measurement should be also discussed. For GNSS measurement triggered by eNB, one possibility is to start the GNSS measurement immediately after receiving the GNSS measurement MAC CE. But it should be decided by RAN1.

For GNSS measurement triggered by UE itself, one possibility is to start the GNSS measurement immediately after the GNSS validity duration timer expiry, which also requires RAN1 decision.

For GNSS measurement triggered by eNB or UE itself, wait for RAN1 conclusion on when to start the GNSS measurement, and whether the start time should be configurable. 
Conclusions  

If GNSS position fix is re-acquired, GNSS validity duration MAC CE is triggered. 
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. 
Send LS to RAN1 to ask if UE needs to update GNSS position fix time duration during connected mode. 
For GNSS measurement triggered by eNB or UE itself, the measurement gap length can be configured by eNB. 
For GNSS measurement triggered by eNB or UE itself, the measurement gap length is configured via RRC message. 
For GNSS measurement triggered by eNB or UE itself, wait for RAN1 conclusion on when to start the GNSS measurement, and whether the start time should be configurable. 
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