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1	Introduction
In this paper we discuss the remining issues for GNSS enhancements. 
At RAN2#123bis the following agreements were made: 
Agreements:
1. A new RRC parameter is introduced in dedicated RRC signalling to enable/disable duration X.
2. A new RRC parameter is introduced in dedicated RRC signalling to configure duration Y when timeAlignmentTimer is infinity.

Agreements:
1. GNSS Duration Report MAC CE will not trigger SR; instead CBRA will be used.
2. A reserved LCID will be used for GNSS measurement command MAC CE (in DL).
3. GNSS measurement validity duration report MAC CE priority is in-between TAR MAC CE and BSR MAC CE.
4. 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
5. 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
6. For both network-triggered and UE-autonomous Measurement Gap Length Configuration: Use MAC CE (with 1 bit indication to differentiate the two cases) (FFS if a RRC configuration is needed for NW trigger case)

[bookmark: _Ref178064866]2	Discussion

2.1	Reporting GNSS validity duration
The validity duration reported by the UE is always an estimate that may depend on the quality of the UEs sensors and the UEs ability to compensate movements by utilizing such sensors. Also, the UE may after a while have a better estimation of the validity duration. 
[bookmark: _Toc149883839]The GNSS validity duration and the GNSS position fix time duration are always estimates by the UE
However, using the reported values is the best what the UE and the network can do. 

For the issue of informing the eNB of successful acquisition of a new GNSS position, the UE has to provide a GNSS validity duration for each position fix, thus eNB reception of an GNSS validity duration means the UE acquired a new position fix. 
[bookmark: _Toc149883842]Reception of a GNSS validity duration indicates to the eNB that the UE has acquired a new GNSS position fix. 

Further, there is only one reserved UL-SCH LCID left and in the Running CR, it is proposed to use it for “Remaining GNSS Validity Duration Report”. It can be questioned if NTN application shall be allowed to use this last reserved LCID – possible future important functionality will need it. 
We may for example 
1) define eLCIDs for the new report 
2) consider reusing some of the already defined LCIDs that are not necessary to support in non-terrestrial networks (possibly the AUL MAC CE LCIDs is unnecessary in NTN) 
To use an eLCID for NB-IoT is logically not different from using an LCID and adding one more byte to the MAC control element, but it has not been done so far.

[bookmark: _Toc149883843]RAN2 to discuss how to accommodate the UL-SCH MAC CE LCID needed for IoT NTN. 

2.2	Extended GNSS validity duration: X&Y 
This open issue for RRC concerns the GNSS enhancements:
· GNSS
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.
[bookmark: _Toc149883840]These “options” are incoherent with the RAN1 agreements, see below.

We need to go back to Square One from X&Y, at RAN1#114 the following agreements on extension of the validity of the GNSS position after the validity duration were made: 
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 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

Agreement
From RAN1 perspective, at least for the case when frequency error and timing error are within frequency and timing error requirements with legacy closed loop time correction, UL transmission can be allowed in a duration X after original GNSS validity duration expires without GNSS re-acquisition.
RAN1 will decide further details of the above.

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.

Further, RAN1 have agreed these at RAN1#114bis with RAN2 impact: 
Agreement
When timeAlignmentTimer is infinity, the duration X is equal to Y. Network can configure Y via a 3-bit field at least with component values [sf500, sf750, sf1280, sf1920, sf2560, sf5120, sf10240].
FFS: whether there is a new value

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

Here we interpret the Twisted Logic of the RAN1 agreements for X&Y and the interactions with autonomous GNSS measurement feature as follows: 
· When GNSS extension is configured and GNSS validity duration expires, GNSS is considered as valid until X or Y expires
· all actions related to validity duration expiry shall be delayed until either X or Y expires
· if UE autonomous GNSS acquisition is configured, the UE start measure GNSS after X or Y expires 
· If X is used (that is timeAlignmentTimer is not infinity), when the GNSS validity duration expires, the GNSS position is considered valid as long as TAT is running 
· TAT running may be extended by sending TAC MAC CEs, each time TAC MAC CE is received the TAT is restarted from the value in timeAlignmentTimer 
· If Y is used (that is timeAlignmentTimer is infinity), when the GNSS validity duration expires, the UE starts a “TAT” like timer from value Y and GNSS position is considered valid as long as “TAT” like timer is running
· “TAT” like timer running may be extended by sending TAC MAC CEs, each time the “TAT” like timer is restarted from the value Y
[bookmark: _Toc149883841]The above list summarizes the RAN1 agreements on GNSS extension of validity. 

The GNSS measurements are controlled from RRC and validity is kept track of in RRC and in MAC, while the TAT handling is almost completely in MAC (though there are a few cases where RRC specifies that timeAlignmentTimer shall be started). The Hardest Part of the GNSS extension functionality may be to locate it in either RRC or MAC, both options will require some signalling between the layers, and we believe RAN2 need to Talk about this. 
As TAT updates are handled in MAC by TAC MAC CEs, What If we locate the extension functionality in MAC. If RRC indicates in A Message to MAC that GNSS validity expired (and possibly when/if a new GNSS position Fix (You) is acquired to cancel the extended GNSS validity functionality), and MAC can then handle X&Y and indicate back to RRC when TAT expires (and GNSS validity shall be considered to have expired). 
This is rather simple to implement and has Low spec impact as we show below. 
[bookmark: _Toc149883844]Locate the handling of GNSS validity duration in RRC and the GNSS extension handling in MAC. 
The triggering of GNSS extension in RRC is easy to achieve if we have an GNSS validity duration timer, when it expires RRC indicates to MAC the start of extended GNSS validity and the expiry of GNSS validity do not need to trigger the immediate actions for when GNSS position is outdated, instead that can be done if MAC indicates to RRC that the extended GNSS validity has expired. 

[bookmark: _Toc149883845]In RRC_CONNECTED when ul-TransmissionExtensionEnabled is enabled, in RRC add a new timer T31X that is started or restarted at GNSS acquisition with a value of GNSS-ValidityDuration
[bookmark: _Toc146837727][bookmark: _Toc149883846]In RRC_CONNECTED when ul-TransmissionExtensionEnabled is enabled, when T31X expires, RRC indicates to lower layers that “extended GNSS validity is started” and delay actions upon out-of-date GNSS position until an indication from lower layers of “extended GNSS validity expiry” is received. 
[bookmark: _Toc146837728][bookmark: _Toc149883847]In RRC_CONNECTED when ul-TransmissionExtensionEnabled is enabled and extended validity has been started and UE acquires a GNSS position, RRC indicates extended GNSS validity is stopped to lower layers. 
[bookmark: _Toc146837729][bookmark: _Toc149883848]When MAC receives indication from upper layers that extended GNSS validity shall be started, MAC shall decide the extended GNSS validity (X or Y in RAN1 agreement) and start a timer for remaining validity. 
[bookmark: _Toc146837730][bookmark: _Toc149883849]If MAC receives indication from upper layers that extended GNSS validity is stopped (i.e., higher layers have acquired a GNSS position fix), the MAC entity stops the timer for extended validity. 
[bookmark: _Toc146837731][bookmark: _Toc149883850]When the timer for remaining validity expires, the MAC entity shall inform upper layers that extended GNSS validity has expired. 
[bookmark: _Toc146837732][bookmark: _Toc149883851]If RRC receives indication from lower layers that extended GNSS validity has expired, RRC shall perform the actions related to expired GNSS validity. 

The following text proposal captures the RRC parts.
First, we modify the GNSS measurement and reporting section to start the T31X (on top of the text from the running RRC CR): 
5.5.x	GNSS extension, measurement triggering and reporting
For BL UEs or UEs in CE or NB-IoT UEs in NTNs, GNSS measurement can be triggered aperiodically by the GNSS Measurement Command MAC CE (see TS 36.321 [6]), or triggered by the UE autonomously if enabled by the network, or triggered by the UE using available idle periods or before initiating an RRC connection.
The UE shall:
1>	if an indication to perform GNSS measurement is received from lower layers:
2>	perform GNSS measurement using the measurement gap, as specified in TS 36.213 [23];

1>	if gnss-AutonomousEnabled is configured:
2>	perform GNSS measurement using autonomous gaps;
Editor’s Note: FFS the start of autonomous gaps, e.g. “after X expires on top of GNSS validity duration expiry” or X is included within the GNSS validity duration. The exact X (and Y) is pending on RAN1 further discussion.
NOTE:	UE can also autonomously start GNSS measurements during available idle periods in RRC_CONNECTED to keep GNSS valid, and the exact time of starting GNSS measurements during available idle periods is left to UE implementation.
1>	upon indication of successful GNSS measurement:
2>	if in RRC_CONNECTED:
3>	instruct lower layers to report the remaining GNSS measurement validity duration (see TS 36.321 [6]);
2>	if ul-TransmissionExtensionEnabled is enabled:
3>	start or restart T31X with the value of GNSS validity duration; 
3>	indicate to lower layers to stop extended GNSS validity.
1>	if in RRC_CONNECTED, upon indication from lower layers that extended GNSS validity has expired:
2>	perform the actions upon indication of out-of-date GNSS position as specified in 5.3.3.21.
1>	if in RRC_CONNECTED, upon indication of failed GNSS measurement:
2>	if the UE do not have a valid GNSS position:
3>	perform the actions upon indication of out-of-date GNSS position as specified in 5.3.3.21.

[bookmark: _Toc146823449]5.3.xx	T31X expiry
The UE shall:
1>	if in RRC_CONNECTED and ul-TransmissionExtensionEnabled is enabled:
2>	indicate to lower layers that extended GNSS validity is started;

[bookmark: _Toc149883852]Adopt the above text proposals for Extended GNSS validity in the RRC spec.


The following text proposal captures the MAC parts. We propose to add a new subsection 5.yy where a helper time VALIDITY_TIMER is started when extended GNSS starts:
5.yy	Extended GNSS validity
When ul-TransmissionExtensionEnabled is enabled, the parameter VALIDITY_TIMER specifies the time that the GNSS validity can be extended. Upon indication of extended GNSS validity duration from upper layers, the MAC entity shall start the VALIDITY_TIMER. 
To start or restart the VALIDITY_TIMER, the MAC entity shall: 
-	if the timeAlignmentTimer associated with the pTAG is configured to infinity:
-	start or restart VALIDITY_TIMER with a value of ul-TransmissionExtensionValue.
-	else:
-	start or restart VALIDITY_TIMER with a value of timeAlignmentTimer associated with the pTAG.
Upon expiry of VALIDITY_TIMER, the MAC entity shall:
-	indicate expiry of extended GNSS validity to upper layers.
Upon indication from upper layers that GNSS position is valid:
-	stop the VALIDITY_TIMER.
While VALIDITY_TIMER is running, the MAC entity shall:
-	when a Timing Advance Command MAC control element is received:
-	restart the VALIDITY_TIMER-

[bookmark: _Toc149883853]Adopt the above text proposal for Extended GNSS validity in the MAC spec.


2.3	The running RRC CR
This
ul-TransmissionExtensionEnabled
Presence of this field indicates that UL transmission within duration X after original GNSS validity duration expires is enabled by the network. If timeAlignmentTimer is not set to infinity, X is equal to remaining timeAlignmentTimer, otherwise X is equal to the configured ul-TransmissionExtensionValue.
Is better reformulated and the detailed working of the algorithm is anyway specified in MAC (or as procedure text in RRC) so no need to have that in the field description:
ul-TransmissionExtension
If configured, GNSS validity is extended after the GNSS validity duration timer expires.
[bookmark: _Toc149883854]Adopt the above text proposal for ul-TransmissionExtension field name and field description.


In the running CR section 5.3.3.21, there are small difference in terminology to the existing spec, and there is a problem if the UE is already measuring the GNSS when the GNSS position becomes outdated, the UE shall not go to idle if the measurement is already ongoing. 
We propose:
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>	if the UE does not support acquiring GNSS position in RRC_CONNECTED:
12>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.;
1>	else if no GNSS measurement is ongoing:
2>	if gnss-AutonomousEnabled is configured:
3>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.x;
2>	else:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.

Editor’s Note: Agreement:	If there is neither network aperiodically trigger nor network configuration of UE autonomously GNSS measurement, UE moves to RRC_IDLE after GNSS becomes invalid. It’s FFS how to decide GNSS valid or invalid considering duration X and Y.
[bookmark: _Toc149883855]Adopt the above text proposal for RRC 5.3.3.21.

2.4	The running MAC CR

This in 5.1.4 
[bookmark: _Hlk149293729]-	if the Random Access procedure was triggered for GNSS validity duration reporting, instruct the Multiplexing and Assembly procedure to generate the GNSS Validity Duration Report MAC control element as defined in clause 6.1.3.yy.
Is not in line with existing spec text, we propose to reformulate as: 
-	if the Random Access procedure was triggered for GNSS validity duration reporting, instruct the Multiplexing and Assembly entity to include the GNSS Validity Duration Report MAC control element in the subsequent uplink transmission;
[bookmark: _Toc149883856]Adopt the text proposal above for MAC 5.1.4 

This added section:
5.4.xx GNSS validity duration reporting
For a NB-IoT UE, a BL UE or a UE in enhanced coverage in a non-terrestrial network, an indication may be sent by upper layer to report the remaining GNSS measurement validity duration.
If the GNSS validity duration reporting procedure has been triggered:

-	if the MAC entity has UL resources allocated for new transmission for this TTI, and;
-	if the allocated UL resources can accommodate the GNSS Validity Duration Report MAC control element plus its subheader, as a result of logical channel prioritization:
-	instruct the Multiplexing and Assembly procedure to generate the GNSS Validity Duration Report MAC control element as defined in clause 6.1.3.yy.
-	else:
-	initiate a Random Access procedure (see clause 5.1).

The start of section 5.4.xx is not in line with existing spec text, we propose:
For a NB-IoT UE, a BL UE or a UE in enhanced coverage in a non-terrestrial network, upper layers may trigger reporting of the remaining GNSS validity duration.
[bookmark: _Toc149883857]Adopt the text proposal above for MAC 5.4.xx 



3	Conclusions
In the previous sections we made the following observations: 
Observation 1	The GNSS validity duration and the GNSS position fix time duration are always estimates by the UE
Observation 2	These “options” are incoherent with the RAN1 agreements, see below.
Observation 3	The above list summarizes the RAN1 agreements on GNSS extension of validity.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Reception of a GNSS validity duration indicates to the eNB that the UE has acquired a new GNSS position fix.
Proposal 2	RAN2 to discuss how to accommodate the UL-SCH MAC CE LCID needed for IoT NTN.
Proposal 3	Locate the handling of GNSS validity duration in RRC and the GNSS extension handling in MAC.
Proposal 4	In RRC_CONNECTED when ul-TransmissionExtensionEnabled is enabled, in RRC add a new timer T31X that is started or restarted at GNSS acquisition with a value of GNSS-ValidityDuration
Proposal 5	In RRC_CONNECTED when ul-TransmissionExtensionEnabled is enabled, when T31X expires, RRC indicates to lower layers that “extended GNSS validity is started” and delay actions upon out-of-date GNSS position until an indication from lower layers of “extended GNSS validity expiry” is received.
Proposal 6	In RRC_CONNECTED when ul-TransmissionExtensionEnabled is enabled and extended validity has been started and UE acquires a GNSS position, RRC indicates extended GNSS validity is stopped to lower layers.
Proposal 7	When MAC receives indication from upper layers that extended GNSS validity shall be started, MAC shall decide the extended GNSS validity (X or Y in RAN1 agreement) and start a timer for remaining validity.
Proposal 8	If MAC receives indication from upper layers that extended GNSS validity is stopped (i.e., higher layers have acquired a GNSS position fix), the MAC entity stops the timer for extended validity.
Proposal 9	When the timer for remaining validity expires, the MAC entity shall inform upper layers that extended GNSS validity has expired.
Proposal 10	If RRC receives indication from lower layers that extended GNSS validity has expired, RRC shall perform the actions related to expired GNSS validity.
Proposal 11	Adopt the above text proposals for Extended GNSS validity in the RRC spec.
Proposal 12	Adopt the above text proposal for Extended GNSS validity in the MAC spec.
Proposal 13	Adopt the above text proposal for ul-TransmissionExtension field name and field description.
Proposal 14	Adopt the above text proposal for RRC 5.3.3.21.
Proposal 15	Adopt the text proposal above for MAC 5.1.4
Proposal 16	Adopt the text proposal above for MAC 5.4.xx

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]

	4/4	
