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1 Introduction

During last meeting in RAN2#125bis, there was a discussion on T390 (for UL transmission extension) handling during handover and re-establishment around [1].

	T390

NOTE1
	Upon GNSS validity duration expiry if ul-TransmissionExtensionEnabled is configured.
	Upon leaving RRC_CONNECTED, or reception of network triggered GNSS measurement.
	Perform the actions as specified in 5.3.3.21.

	NOTE1:
Only the timers marked with "NOTE1" are applicable to NB-IoT.

NOTE2:
The behaviour as specified in 7.3.2 applies.


Even though last RAN2 meeting has reached an agreement for RRC re-establishment, we feel the CR resolution did not fully address the issue. Hereafter we would like to discuss about it further and make an aligned proposal to RRC re-establishment and handover on T390 handling.

2 Discussions

2.1 T390 handing during RRC re-establishment
To recap, the original proposals from [1] are to let UE stop T390 upon RRC re-establishment and handover.

	Proposal 2: [067] is agreed – T390 is stopped upon RRC re-establishment initiation.

Proposal 3: [068] is agreed – T390 is stopped upon starting handover.


During online discussion, several points were mentioned by companies:

1) Compared to stopping T390, it might be better for UE to have T390 keep running so that UE can have a chance to re-acquire GNSS after T390 expiry.

2) For RRC re-establishment, during Rel-17, UE is mandated to have valid GNSS before performing RRC re-establishment.

	Excerpted from TS36.331:

5.3.7.1a
Condition for re-establishing RRC Connection in NTN

If systemInformationBlockType31 (systemInformationBlockType31-NB in NB-IoT) is broadcast, a RRC connection re-establishment is initiated only if the UE has a valid GNSS position.

NOTE:
The UE may need to re-acquire the GNSS position before re-establishing the connection to avoid interruption during the connection.



3) Instead of capturing “stopping T390 upon RRC re-establishment”, it was raised the condition for T390 stopping should better be “upon acquiring valid GNSS”, because T390 is only supposed to run when GNSS is invalid.

The final agreement during last RAN2 meeting captured the understanding that T390 is stopped upon RRC re-establishment, but how the exact wording to capture it was not elaborated.

	Proposal 2: [067] is agreed – T390 is stopped upon RRC re-establishment initiation.
· Apple agrees for the re-establishment case, not sure about the HO case. ZTE agrees

· Update the specification to ensure that T390 is stopped upon RRC re-establishment initiation


During [Post125bis] [#303] post meeting email discussion, the final change was captured by rapporteur as below [2], which followed the meeting minutes.

----------------------------------------------------------------Change 1-----------------------------------------------------------------

5.3.7.2
Initiation

<text omitted>
Upon initiation of the procedure, the UE shall:

1>
stop timer T310, if running;

1>
stop timer T312, if running;

1>
stop timer T313, if running;

1>
stop timer T316, if running;

1>
stop timer T307, if running;

1>
start timer T311;

1>
stop timer T370, if running;

1>
stop timer T390, if running;
----------------------------------------------------------------Change 2-----------------------------------------------------------------
	T390

NOTE1
	Upon GNSS validity duration expiry if ul-TransmissionExtensionEnabled is configured.
	Upon leaving RRC_CONNECTED, or upon reception of network triggered GNSS measurement, or upon initiating the connection re-establishment procedure.
	Perform the actions as specified in 5.3.3.21.


----------------------------------------------------------------End of change-------------------------------------------------------------
First, we would like to clarify when exactly T390 is stopped with current text proposal from RRC rapporteur and Rel-17 text in Section 5.3.7.1a. One understanding is when Serving Cell Failure is detected, UE stops T390 and at the same time initiates GNSS acquisition. The other understanding is UE keeps T390 running and stops it when GNSS acquisition is completed (when UE initiates RRC re-establishment). The confusion mainly occurs since spec says “If systemInformationBlockType31 (systemInformationBlockType31-NB in NB-IoT) is broadcast, a RRC connection re-establishment is initiated only if the UE has a valid GNSS position.” 
1) Interpretation 1: T390 is stopped immediately when serving cell failure is detected

2) Interpretation 2: T390 is stopped after GNSS acquisition is completed (when RRC re-establishment is initiated)
If Interpretation 2 above is the case, we are afraid current TP leads to one problematic scenario elaborated in the figure below. If T390 expires during GNSS acquisition, since UE has not initiated RRC re-establishment yet when UE is acquiring GNSS, UE behaviour may be:

1) Understanding 1: UE would go to RRC idle state, along with Section 5.3.3.21 in TS 36.331.

2) Understanding 2: UE keeps performing RRC re-establishment.

We think Understanding #1 is aligned with current spec.
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Fig 1. T390 expiry during GNSS acquisition before initiating RRC re-establishment

	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 position 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>
if timeAlignmentTimer is configured to be infinity:

3>
start timer T390 with the timer value set to ul-TransmissionExtensionValue;

3>
restart timer T390 with the timer value set to ul-TransmissionExtensionValue upon indication from lower layers to extend the UL transmission;

2>
else:

3>
start timer T390 with the timer value set to the remaining time of timeAlignmentTimer;

3>
restart timer T390 upon indication from lower layers to extend the UL transmission, with the timer value set to the configured value of timeAlignmentTimer;

2>
if 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'.


Observation 1: If T390 expires when UE is performing GNSS acquisition, UE would go to RRC idle before RRC re-establishment is initiated.

This makes the handling of RRC re-establishment unnecessarily complex. To make it simpler, we suggest changing the conditions for T390 stopping to “GNSS acquisition is initiated during RRC re-establishment”. It goes along with the spirit that network triggered GNSS measurement makes T390 stopped as well.
In addition, it has to be made clear, T390 stop is not related to RRC re-establishment procedure, but actually because UE is trying to acquire a valid GNSS since T390 is about the validity status of GNSS. 
Proposal 1: For RRC re-establishment procedure, T390 is stopped once GNSS acquisition is initiated.
2.2 T390 handling during handover/CHO

Another relevant scenario for T390 handling is handover and CHO. For the feature of UL transmission extension when GNSS is invalid, our view is it is a cell specific feature and network needs to receive UL continuously to adjust UE’s uplink timing. And the UL timing info is limited within source cell, and not shared with target cell.

One may say for RACH-less handover, when targetTA=source, UE can communicate with target cell with source cell’s UL timing when target and source are co-located on the same satellite. Regarding this, first, we think RAN2 did not clearly agree on RACH-less handover in IoT NTN. Even if RACH-less handover is supported in IoT NTN, another concern is the UL timing correction is not shared by source cell with target cell, thus target cell itself would not know the exact UL timing UE applies. 

Observation 2: In handover procedure, target cell cannot inherit network UL timing correction from source cell during T390. 
That is, when UE accesses to a new target cell during handover, UE’s uplink timing should be established from the scratch. In details, it means for target cell, UE needs to perform timing pre-compensation based on its actual GNSS location. Otherwise, if UE performs initial timing pre-compensation based on an invalid GNSS, target cell would not be able to receive UE’s UL transmission.

	Excerpted from TS36.00

23.21.2.2
Timing Advance and Frequency Pre-compensation

For the serving cell, the network broadcast ephemeris information and common Timing Advance (common TA) parameters.

The UE shall have valid GNSS position as well as the ephemeris and common TA before connecting to an NTN cell. To achieve synchronisation, before and during connection to a cell, the UE shall pre-compensate the Timing Advance (TTA, see TS 36.211 [4] clause 8.1), see Figure 23.21.2.2-1, by considering the common TA, UE position and the NTN payload position through the ephemeris.

The UE computes the frequency Doppler shift of the service link, and pre-compensates for it in the uplink transmissions, by considering UE position and the ephemeris. If the UE does not have valid ephemeris and Common TA, it shall not transmit until they are regained. If the GNSS position becomes out-dated, it shall not transmit unless configured with uplink transmissions extension that is active.
In connected mode, the UE shall continuously update the Timing Advance and frequency pre-compensation. The UE can be triggered to perform, or configured to autonomously perform, GNSS acquisition. In connected mode, upon outdated ephemeris and common Timing Advance, the UE shall acquire the broadcasted parameters. Upon failed GNSS acquisition, the UE shall move to idle mode if the GNSS position is outdated and uplink transmission extension is not active. Upon outdated GNSS position the UE shall move to idle mode, unless GNSS acquisition was triggered or uplink transmission extension is active. Upon completing the GNSS acquisition, the UE shall trigger remaining validity duration reporting (see TS 36.321 [13]).


Observation 3: When UE performs initial access to target cell, UE location is required for UE to perform pre-compensation on timing and frequency.

The above discussions then boil down to a conclusion that UE should have valid GNSS location when performing initial access to target cell during handover.

In last RAN2 discussion, RRC CR rapporteur has mentioned that for handover, network can send out a network triggered GNSS acquisition MAC CE before HO CMD [3]. We think it is a reasonable network implementation to guarantee UE has a valid GNSS position during handover. 

CHO is more difficult to deal with as the exact time point UE performs CHO is not known to network. One potential solution is since network knows the time point when UE’s GNSS validity duration would expire, network can trigger GNSS acquisition before T390 gets started, to avoid T390 running. Another option is if T390 gets started, UE should acquire GNSS position upon handover and CHO is triggered. 

Proposal 2: RAN2 to down-select one of the two options on T390 handling during handover and CHO.

- Option 1: Network initiates GNSS measurement before handover and CHO to guarantee UE has a valid GNSS upon handover and CHO initiation.

- Option 2: UE should acquire GNSS location upon initiating handover and CHO if T390 is running.

For Option 1, it implies T390 would not be running during handover and CHO procedure. And for Option 2, we think it can be handled similarly as current spec for RRC re-establishment procedure. Then, back to T390 handling during handover, our view is T390 should be stopped as long as UE initiates GNSS measurement.

Proposal 3: If Option 2 above is selected, T390 is stopped once GNSS acquisition is initiated during handover and CHO.
3 Conclusion

According to the analysis in section 2, we propose that:

Observation 1: If T390 expires when UE is performing GNSS acquisition, UE would go to RRC idle before RRC re-establishment is initiated.

Proposal 1: For RRC re-establishment procedure, T390 is stopped once GNSS acquisition is initiated.
Observation 2: In handover procedure, target cell cannot inherit network UL timing correction from source cell during T390. 
Observation 3: When UE performs initial access to target cell, UE location is required for UE to perform pre-compensation on timing and frequency.

Proposal 2: RAN2 to down-select one of the two options on T390 handling during handover and CHO.

- Option 1: Network initiates GNSS measurement before handover and CHO to guarantee UE has a valid GNSS upon handover and CHO initiation.

- Option 2: UE should acquire GNSS location upon initiating handover and CHO if T390 is running.

Proposal 3: If Option 2 above is selected, T390 is stopped once GNSS acquisition is initiated during handover and CHO.
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