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1	Introduction
[bookmark: _Ref178064866]Here we discuss some issues related to extended uplink transmissions after GNSS validity expires. 
This area was not possible to conclude in last meeting as RAN1 were late with their agreements, and there seems to still be some outstanding agreements from them. 
However, we believe that RAN2 can make some real progress on this regardless of what RAN1 decides. 

[bookmark: _Ref154582601]2	Discussion
2.1	UL transmission extension
During the Chicago discussions in RAN2 there were divergent view on what the relevant RAN1 agreements means (see Appendix for all relevant RAN1 agreements) and what is possible, and what is needed in extending UL transmission after original GNSS validity duration expires. Also, the discussions in RAN1 were very difficult and they could not really agree with clear agreements on the UL extension. 
Regarding the period X when the timeAlignmentTimer (TAT) is finite, what shall happen when the UE receives Timing Advance Command (TAC) MAC CE, besides adjusting the Timing Advance (TA), there were two camps:
A. X is the time remaining of TAT, TACs adjust the TA but do not extend X 
B. X is the time remaining of TAT, TACs adjust the TA and extend X with configured value of TAT 
For the period X when the TAT is infinite, RAN1 were clear on the behaviour when X is started it starts from configured value Y and X is extended by Y every time a MAC CE (to be defined by RAN2) is received. However, there were two camps on the interpretation of if it is needed to update the timing Advance (TA) with a TAC without extending X. 
C. X start from value Y, TACs adjust the TA but do not extend X
D. X start from value Y, TACs adjust the TA and extends X with value Y
[bookmark: _Toc159248829]For both finite and infinite timeAlignmentTimer, the main difference between the proposed behaviours is whether the NW will need to update the TA by sending Timing Advance Command without extending X or not. 
We think the needed behaviour may depend on the scenario we consider, for example in GEO it is unlikely that the UEs position change changes the frequency pre-compensation much thus the X can be a long period and likely TAT can be configured to infinity and Y can be rather long and it is desirable to extend Y every time a TAC is received – and not so many TACs are needed. While in an LEO scenario, the X needs to be much shorter, and eNB may measure the frequency error and decide to end X after a short while, while the eNB must send TACs with very short intervals. 
[bookmark: _Toc159248830]Depending on the scenario, the Timing Advance Command can adjust the TA and may extend X or not extend X.
Thus simple and flexible solution that can provide all the wanted behaviours is desirable, and the solution is to let the legacy TAC MAC CEs behave just as in legacy (that is, legacy TAC MAC CE will update the TA only) and have a new LCID for a new TAC MAC CE that carries the same TA adjustments as a legacy TAC, and when it is received the UE adjust the TA and extends X (with the TAT configured value when TAT is finite and with Y when TAT=infinity). 
[bookmark: _Toc159248832]A new TAC MAC CE is introduced with the same TA field as legacy TAC MAC CE.
[bookmark: _Toc159248833]When UL transmission extension is active and a UE receives the new TAC MAC CE, the UE adjust the TA and extend X, with TAT if TAT is finite or with Y is TAT is infinite.
[bookmark: _Toc159248834]When UL transmission extension is active and a UE receives a legacy TAC MAC CE, the UE adjust the TA but do not extend X. 

2.2	Using GNSS position for other purposes than TA and frequency pre-compensation during UL extension 
There were concerns whether is possible to use the GNSS position for other purposes than TA and frequency pre-compensation – and then mainly if UE moves far enough that using the old position for distance-based triggering of (conditional) handover will lead the UE to trigger a handover to “wrong” cell. 
This concern we believe is not severe. Only in Earth moving cells can this be an issue (as using the old position shall not trigger any handover in (quasi) Earth fixed cells). Problems with UEs using outdated positions for any purpose is removed with proper configuration of handover parameters, TAT, Y, and enabling/disabling UL transmission extension. 
[bookmark: _Toc159248831]Proper configuration of handover parameters, timeAlignmentTimer, Y, and enable/disable UL transmission extension can greatly mitigate any problems from using outdated GNSS position during UL transmission extension.

[bookmark: _Toc159248835]The UEs consider the GNSS position as valid during UL transmission extension. 

3	Text Proposals
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). We may locate the GNSS extension functionality in either RRC or MAC, both options will require some signalling between the layers, and this needs to be discussed. 
As TAT updates are handled in MAC by TAC MAC CEs, we believe it’s easy to locate the extension functionality in MAC. If RRC indicates to MAC that GNSS validity expired (and possibly when/if a new GNSS position fix 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][bookmark: _Toc159248836]Locate the handling of GNSS validity duration in RRC and the GNSS extension handling in MAC. 
[bookmark: _Toc159248837]Name the period X “extended GNSS validity”.
[bookmark: _Toc159248838]Name the new TAC MAC CE as “Extension Timing Advance Command MAC CE”.


3.1	RRC aspects
The following text proposal captures the RRC parts.
When we model the GNSS extension in MAC instead of RRC, the timer T390 is not needed:

[bookmark: _Toc20487678][bookmark: _Toc29342985][bookmark: _Toc29344124][bookmark: _Toc36567390][bookmark: _Toc36810854][bookmark: _Toc36847218][bookmark: _Toc36939871][bookmark: _Toc37082851][bookmark: _Toc46481493][bookmark: _Toc46482727][bookmark: _Toc46483961][bookmark: _Toc156168663]7.3.1	Timers (Informative)
<UNCHANGED PARTS OMITTED>
	T390
NOTE1
	Upon GNSS validity duration expiry.
	Upon leaving RRC_CONNECTED, or reception of network triggered GNSS measurement.
	Perform the actions as specified in 5.3.3.21.



[bookmark: _Toc156167648]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 performing GNSS fix in RRC_CONNECTED and ul-TransmissionExtensionEnabled is not configured:
2>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
1>	else if ul-TransmissionExtensionEnabled is configured:
2>	indicate to lower layers that extended GNSS validity is started;
2>	if timeAlignmentTimer is not configured to be infinity:
3>	start timer T390 with the timer value set to remaining time of timeAlignmentTimer;
3>	restart timer T390 upon indication from lower layers that an UL transmission extension update is applied, with the timer value set to remaining time of timeAlignmentTimer;
2>	else:
3>	start timer T390 with the timer value set to ul-TransmissionExtensionValue;
3>	restart timer T390 upon indication from lower layers that an UL transmission extension update is applied;
2>	upon indication from lower layers that extended GNSS validity has expiredif timer T390 expires and no indication of network triggered GNSS measurement has been received from lower layer:
3>	if gnss-AutonomousEnabled is configured:
4>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.9;
3>	else:
4>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';
1>	else if ul-TransmissionExtensionEnabled is not configured and no indication of network triggered GNSS measurement is received from lower layer:
2>	if gnss-AutonomousEnabled is configured:
3>	perform GNSS measurement using autonomous gaps as specified in clause 5.5.9;
2>	else:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.

[bookmark: _Toc156167846]5.5.9	GNSS measurement triggering and reporting
For BL UEs or UEs in CE or NB-IoT UEs that are connected to NTN, 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.
The UE shall:
1>	if an indication to perform GNSS measurement is received from lower layers:
2>	perform GNSS measurement using the measurement gap with a gap length indicated by lower layers, as specified in TS 36.213 [23];
1>	if gnss-AutonomousEnabled is configured:
2>	perform GNSS measurement using an autonomous gap starting upon indication from lower layers that extended GNSS validity has expiredfrom T390 expiry if ul-TransmissionExtensionEnabled is configured, otherwise starting from GNSS validity duration expiry, with a gap length indicated by lower layers;
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 starting GNSS measurement:
2>	stop timer T318, if running;
1>	upon indication that GNSS becomes valid:
2>	if ul-TransmissionExtensionEnabled is enabled:
3>	indicate to lower layers to stop extended GNSS validity.
2>	instruct lower layers to report the remaining GNSS measurement validity duration (see TS 36.321 [6]).
2>	start or restart timer T318, if timer T317 expires during GNSS measurement, or if timer T317 expires before GNSS measurement and timer T318 is stopped upon GNSS measurement;
1>	upon indication that GNSS measurement has failed:
2>	if GNSS position is out-of-date; and
2>	if ul-TransmissionExtensionEnabled is not configured or upon indication from lower layers that extended GNSS validity T390 has expired:
3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other'.

3.1	MAC aspects
The following text proposal captures the MAC parts. 
We think the existing TAC handling can apply to the new TAC too – so no text change needed for the TA adjustments for the hew Extension TAC MAC CE.
We propose to add a new subsection 5.2x where a helper timer VALIDITY_TIMER is started when extended GNSS starts: 

5.2x	Extended GNSS validity
When ul-TransmissionExtensionEnabled is enabled, the parameter VALIDITY_TIMER specifies the period 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:
-	if VALIDITY_TIMER is not running:
-	start VALIDITY_TIMER with a value of the remaining time of the timeAlignmentTimer associated with the pTAG.
-	else:
-	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 an Extension Timing Advance Command MAC control element is received:
-	restart the VALIDITY_TIMER.

[bookmark: _Toc159248839]Adopt the text proposals above for RRC and MAC. 

4	Conclusion
[bookmark: _In-sequence_SDU_delivery]In the previous sections we made the following observations: 
Observation 1	For both finite and infinite timeAlignmentTimer, the main difference between the proposed behaviours is whether the NW will need to update the TA by sending Timing Advance Command without extending X or not.
Observation 2	Depending on the scenario, the Timing Advance Command can adjust the TA and may extend X or not extend X.
Observation 3	Proper configuration of handover parameters, timeAlignmentTimer, Y, and enable/disable UL transmission extension can greatly mitigate any problems from using outdated GNSS position during UL transmission extension.

Based on the discussion in the previous sections we propose the following: 
Proposal 1	A new TAC MAC CE is introduced with the same TA field as legacy TAC MAC CE.
Proposal 2	When UL transmission extension is active and a UE receives the new TAC MAC CE, the UE adjust the TA and extend X, with TAT if TAT is finite or with Y is TAT is infinite.
Proposal 3	When UL transmission extension is active and a UE receives a legacy TAC MAC CE, the UE adjust the TA but do not extend X.
Proposal 4	The UEs consider the GNSS position as valid during UL transmission extension.
Proposal 5	Locate the handling of GNSS validity duration in RRC and the GNSS extension handling in MAC.
Proposal 6	Name the period X “extended GNSS validity”.
Proposal 7	Name the new TAC MAC CE as “Extension Timing Advance Command MAC CE”.
Proposal 8	Adopt the text proposals above for RRC and MAC.
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Appendix A – RAN1 agreements on UL transmission extension

Agreement (RAN1 109e): 
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 (RAN1 112):
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 (RAN1 113):
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 (RAN1 114):
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 (RAN1 114bis):
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 (RAN1 114bis):
The feature of “UL transmission after original validity duration expires with duration X” can be enabled/disabled by network via RRC signalling.

Agreement (RAN1 115):
[bookmark: _Hlk159242631]From RAN1 perspective, the start time of duration X is at the point where original GNSS validity duration expires 
· when timeAlignmentTimer is infinity, the end of X is at the point where new timer ULTransmissionExtentionTimer expires and ULTransmissionExtentionTimer is reset with length equal to Y every time when a MAC CE (to be defined by RAN2) is received
· Note 1: It is up to RAN2 to decide whether the MAC CE is the legacy TAC or a new TAC or a new MAC CE.
· [bookmark: _Hlk159242719]Note 2: It is up to RAN2 to implement the above behaviour based on new timer, existing timer, or by extending GNSS validity.
· Send an LS to RAN2
LS R1-2312696 is endorsed.
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