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Introduction

In this contribution, we will address the following open issues related to GNSS operation enhancement:

Issue 1-1: How to determine GNSS invalid (considering duration X and Y), this affects 1) condition for entering RRC_IDLE, and 2) the start of autonomous gap

Option 1: It is up to RAN1 whether/how to decide GNSS validity duration considering X and Y.

Option 2: Even if duration X is provided, the remaining GNSS validity duration keeps unchanged.

Option 3: UE considers the GNSS position as outdated and goes to RRC_IDLE, upon the expiry of X on top of the expiry of the GNSS validity duration.

Issue 1-2: Whether to suspend T317, T318 during measurement gap.

Issue 1-3: miscellaneous issues.
Discussion
Issue 1-1: How to determine GNSS invalid (considering duration X and Y)
	RAN1 #114
Agreement
For autonomous GNSS timer, the start time of the autonomous GNSS measurement timer is where the original GNSS validity duration expires, and the duration X (if any) expires.

Note (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.

Agreement
From RAN1 perspective, down select one for the duration X:

Alt-3: when timeAlignmentTimer is not infinity, X is equal to remaining timeAlignmentTimer; when timeAlignmentTimer is infinity, X is equal to Y.
FFS: whether X can be used to extend the original GNSS validity duration.
Y is a configured value.

Note 1: The feature can be enabled/disabled by network
Note 2 (as already agreed): The duration X is where UL transmission can be allowed after original GNSS validity duration expires without GNSS re-acquisition.
Agreement
From RAN1 perspective, after autonomous GNSS measurement timer expires if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement timer UE goes to IDLE mode.
Agreement
From RAN1 perspective, for the aperiodic GNSS measurement gap triggered by eNB with MAC CE, down select one of the alternatives for the failure of GNSS measurement:

Alt-1: UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap.
#114bis

Agreement
The feature of “UL transmission after original validity duration expires with duration X” can be enabled/disabled by network via RRC signalling.




As highlighted in yellow above, RAN1 has not decided whether X can be used to extend the original GNSS validity duration. According to the current specification, GNSS validity is not maintained by a timer, instead, a indication of out-of-date is provided by GNSS module, which is not controlled by RRC. So, from RAN2 point of view, it is not possible to extend the GNSS validity duration:
	36.331:

5.3.3.21
UE actions upon indication of out-of-date GNSS position

Upon indication that the GNSS position has become out-of-date while in RRC_CONNECTED, the UE shall:

1>
perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.



Observation: RRC doesn’t maintain a timer for GNSS validity duration. Instead, when GNSS becomes invalid, GNSS module will indicate out-of-data GNSS position to RRC, which is out of RRC control. So, X cannot be used to extend the original GNSS validity duration.
Regarding when UE goes to idle, according to the RAN1 agreement, there are 3 cases:

UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap triggered by network.

after autonomous GNSS measurement gap if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement gap UE goes to IDLE mode.
If neither network triggered or autonomous GNSS measurement gap is configured, UE goes to idle mode after duration X after indication of GNSS position out-of-date if duration X is enabled.
RAN2 to agree the following 3 cases that UE goes to idle mode:
UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap triggered by network.

after autonomous GNSS measurement gap if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement gap UE goes to IDLE mode.
If neither network triggered or autonomous GNSS measurement gap is configured, UE goes to idle mode after duration X after indication of GNSS position out-of-date if duration X is enabled.
Issue 1-2: Whether to suspend T317, T318 during measurement gap
In last RAN2 meeting, the following agreement was made for AS operation during GNSS measurement gap:

	The following update in NOTE in Stage 2 running CR is agreed:


NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap and resumed when the GNSS measurement is finished
The following update in NOTE in Stage 2 running CR is agreed ((FFS whether to suspend T317, T318 during measurement gap):


NOTE: The AS operations (e.g. RLM related timers, dataInactivityTimer, CHO execution, neighbour cell measurement, RACH, SR, and BSR) are suspended when UE is performing GNSS measurement during GNSS measurement gap



Regarding T317, we think T317 should not be suspended during the measurement gap. T317 is used for determining the validity of SIB31. If T317 is suspended during measurement gap and resumed/restarted/considered as expired after GNSS measurement gap, the validity state of SIB31 maintained in UE is not correct. As a result, UE either suffer from outdated SIB31 for a while, or has to acquire SIB31 unnecessarily earlier than expected if T317 is considered as expired after GNSS measurement gap. The best way is to keep T317 running. And after T317 expires, the start of T318 can be delayed after successful GNSS measurement acquisition.
T317 is not suspended during GNSS measurement gap. If T317 expires during the measurement gap, the start of T318 is delay to the success of GNSS measurement.
Regarding T318, we have agreed that T318 is restarted after GNSS position fix. The issue is if T318 is started before the GNSS measurement gap, whether it should be suspended during the gap. According to the current procedure, when T318 expires, UE will trigger RLF and perform re-establishment procedure. To avoid this, T318 should be suspended.

T318 is suspended during GNSS measurement gap.
Miscellaneous issues 
A MAC PDU shall contain at most one GNSS validity duration Report MAC CE, even when multiple events have triggered a GNSS validity duration report. The GNSS validity duration Report MAC CE shall be generated based on the latest remaining GNSS validity duration prior to the MAC PDU assembly.

A MAC PDU shall contain at most one GNSS validity duration Report MAC CE, even when multiple events have triggered a GNSS validity duration report. The GNSS validity duration Report MAC CE shall be generated based on the latest remaining GNSS validity duration prior to the MAC PDU assembly. 
After GNSS validity duration MAC CE is included in the MAC PDU for transmission, all triggered GNSS validity duration reports should be canceled.

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

When MAC resets, triggered GNSS validity duration report procedure should be canceled. 
In the post email discussion, the wording on autonomous GNSS measurement gap was discussed. Some companies suggest to use GNSS measurement timer instead of GNSS measurement gap for autonomous GNSS measurement, as RAN1 use the term GNSS measurement timer instead of GNSS measurement gap:

	#114

Agreement
Network can configure the length for GNSS measurement gap via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.

FFS: other component values

Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer, and whether the configuration is by RRC or MAC CE
Agreement
Network can configure the length for GNSS measurement timer via a 4-bit field with component values [1,2,3,4,5,6,7,13,19,25,31] second.

FFS: other component values

Note: RAN2 can further discuss whether separate configurations are needed for GNSS measurement gap and GNSS measurement timer


The autonomous GNSS measurement related specification is not captured in RAN1 spec, we think it is then totally up to RAN2 to decide the naming issue. From RAN2 point of view, there is no difference of UE behavior for network triggered GNSS measurement gap and autonomous GNSS measurement gap, thus we think we can stick to the naming “autonomous GNSS measurement gap”.
Use the term “autonomous GNSS measurement gap” for the time duration of autonomous GNSS measurement. 
Conclusions  

Observation: RRC doesn’t maintain a timer for GNSS validity duration. Instead, when GNSS becomes invalid, GNSS module will indicate out-of-data GNSS position to RRC, which is out of RRC control. So, X cannot be used to extend the original GNSS validity duration.
RAN2 to agree the following 3 cases that UE goes to idle mode:
UE goes to IDLE mode after the end of GNSS measurement gap if UE failed to re-acquire GNSS position fix within GNSS measurement gap triggered by network.

after autonomous GNSS measurement gap if UE failed to re-acquire GNSS position fix within the autonomous GNSS measurement gap UE goes to IDLE mode.
If neither network triggered or autonomous GNSS measurement gap is configured, UE goes to idle mode after duration X after indication of GNSS position out-of-date if duration X is enabled.
T317 is not suspended during GNSS measurement gap. If T317 expires during the measurement gap, the start of T318 is delay to the success of GNSS measurement.
T318 is suspended during GNSS measurement gap.
A MAC PDU shall contain at most one GNSS validity duration Report MAC CE, even when multiple events have triggered a GNSS validity duration report. The GNSS validity duration Report MAC CE shall be generated based on the latest remaining GNSS validity duration prior to the MAC PDU assembly. 
After GNSS validity duration MAC CE is included in the MAC PDU for transmission, all triggered GNSS validity duration reports should be canceled. 
When MAC resets, triggered GNSS validity duration report procedure should be canceled. 
Use the term “autonomous GNSS measurement gap” for the time duration of autonomous GNSS measurement. 
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