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1. Introduction 
RAN1 has made following agreements in RAN1#106bis-e meeting.

	Agreement:
RAN1 has discussed the following aspects and leaves it up to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer and determine which of the following aspects are to be specified:
· Mechanisms for UE to declare loss of UL synchronization including mechanisms for UL synchronization recovery procedure when UL synchronization is lost if UL synchronization validity timer expires in RRC_CONNECTED
· It is up to RAN2 to specify this new behaviour for connected UE within RLF set of procedures or a new procedure for re-acquiring satellite ephemeris
· Mechanism for UL synchronization includes re-acquiring the satellite ephemeris and common TA parameters if indicated on SIB
· A new clause of RLF for loss of UL synchronization if validity timer for UL synchronization expires assuming a new re-interpretation of RLF set of procedures is specified for recovery of UL synchronization with re-acquisition of satellite ephemeris and common TA parameters if indicated
· Potential additional RACH after re-acquisition of satellite ephemeris and common TA parameters if indicated for the UL synchronization recovery procedure in case of potential residual TA error.
· If validity timer for UL synchronization expires and no UL synchronization recovery mechanisms specified as above, UE behaviour shall declare RLF and go into idle mode  autonomously to re-acquire ephemeris SIB. UE will then need to re-access the cell via Random Access procedure.
· UE signalling to indicate the validity timer for UL synchronization is about to expire.


A new timer called UL synchronization validity timer is introduced. If the stored satellite’s ephemeris becomes outdated, UE may lose synchronization. Expiry of this new timer can indicate that UE may need to acquire SIB to update the ephemeris.

The eMTC/NB-IoT UE is not required to acquire any SIB in RRC_CONNECTED, therefore, acquisition of SIB may also incur interruption especially for NB-IoT UEs. In this document, we provide further details on how to handle this timer efficiently with minimum specification change.
2. Discussion 

Due to power drain and interruption, a UE should not be required to acquire system information (e.g., SIB for satellite ephemeris) in RRC_CONECTED. Once a UE has acquired the serving satellite’s location (e.g., by reading a relevant SIB) assuming its own location is known (e.g., via a GNSS fix), the UE should be able to assume that the pre-compensation it applies to the subsequent uplink transmissions remains valid for a certain period of time, before the UE needs to reacquire the satellite ephemeris, or before it needs to tear down the connection entirely (thereby, implicitly limiting connection length), etc. 
This timer is not same as timeAlignmentTimer as specified in TS 36.331. Upon expiry of timeAlignmentTimer, the UE can still initiate random access procedure. For NTN, UL synchronization timer takes into account the time as well as frequency compensation for Random Access Preamble transmission.
Therefore, when UE acquires the ephemeris, the UE knows for how long it can consider it valid based on the UL synchronization timer. The UL synchronization timer is started when UE acquires the ephemeris.
Observation 1. The stored ephemeris is no longer valid upon expiry of the UL synchronization validity timer.

Observation 2. The UL synchronization validity timer is (re)started upon acquiring ephemeris.

As described above, expiry of UL synchronization timer means UE needs to update the time/frequency pre-compensation and therefore, won’t be able to make any UL transmission—including random access preamble. The recovery of the UL synchronization would cause interruption. As per RAN1 agreement on how to specify UE behavior upon expiry of UL synchronization timer (i.e., losing UL synchronization), we think mainly following options are possible for specification, from a RAN2 perspective.
1. Moving UE to IDLE mode
2. Triggering RLF, potentially including an RLF timer for synchronization recovery
Moving the UE directly to IDLE mode is an easy fix but it is one of the worst solutions as UE might be in the middle of UL/DL transmission. To complete the remaining UL/DL, UE would have to start over the RRC connection establishment procedure, and this would be costly.
A simple UE behaviour upon detecting synchronization failure would be to trigger a radio link failure (RLF) timer, for example, a new timer t317 similar to existing timer t310. If UE is able to acquire ephemeris and (re)start the uplink synchronization validity timer before t317 expiry, then t317 can be stopped. This will avoid further changes to specification. Upon expiry of t317, RLF is triggered and, UE will start RRC re-establishment procedure. Upon initiating the RRC connection re-establishment procedure, the UE starts timer t311 (the maximum value that can be configured for timer T311 is 30s). Since UE will also perform cell reselection, UE will have sufficient time to acquire SIB. This solution would have minimal specification impact.
For this purpose, we provide the draft CR in the annex that shows this can be done with very minimum specification change. Note that we are talking about additional change. Regardless of which solution is adopted, changes to define UL synchronization timer in TS 36.321 and UE’s behavior upon acquiring the satellite ephemeris in TS 36.331 will anyway need to be done but are not shown here.
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Figure 1 An example of UL synchronization recovery with the use of RLF timer.
The advantage of this new RLF timer is that if UE is fast enough to acquire the ephemeris and update time/frequency compensation, it does not have to go through RRC re-establishment procedure. UE may continue receiving any DL message or transmitting any UL signal/data, i.e., the t317 works as temporary interruption due to physical layer problem ("out-of-sync" indications from lower layers).
A new value for the RLF timer (e.g., t317) can be configured or the value of the new RLF timer (e.g., t317) can be same as that of RLF timer t310 (i.e., no need to configure or signal a new value).
Proposal 1 A new RLF timer (e.g., t317) is triggered when the synchronization validity timer is expired.
Proposal 2 The new RLF timer (e.g., t317) is stopped if the UE acquires ephemeris and starts synchronization validity timer.

Proposal 3  RLF is triggered upon expiry of the new RLF timer (e.g., t317).
Similarly, when GNSS data is outdated, UE may also loose UL synchronization as it may have moved. In such case the UE would need to fix GNSS that causes the interruption. However, for the case of GNSS, whether there will be a separate GNSS validity timer and how the expiry of GNSS validity is handled will depend on RAN1 progress.

Proposal 4 Wait for RAN1 progress on GNSS validity before making decision on UE behaviour upon expiry of GNSS validity.
3. Conclusion

Following observations are made.

Observation 1.
The stored ephemeris is no longer valid upon expiry of the UL synchronization validity timer.
Observation 2.
The UL synchronization validity timer is (re)started upon acquiring ephemeris.


Following proposals are made.
Proposal 1
A new RLF timer (e.g., t317) is triggered when the synchronization validity timer is expired.
Proposal 2
The new RLF timer (e.g., t317) is stopped if the UE acquires ephemeris and starts synchronization validity timer.
Proposal 3
RLF is triggered upon expiry of the new RLF timer (e.g., t317).
Proposal 4
Wait for RAN1 progress on GNSS validity before making decision on UE behaviour upon expiry of GNSS validity.


4. References
[1] RP-211601, “WID on NB-IoT/eMTC support for NTN”, RAN#92, June 14 - 18, 2021.
5. Annex A: draft CR for TS 36.331

5.3.11
Radio link failure related actions

5.3.11.1
Detection of physical layer problems in RRC_CONNECTED

The UE shall:

1>
if any DAPS bearer is configured, upon receiving N310 consecutive "out-of-sync" indications for the source PCell from lower layers and T304 is running:

2>
start timer T310 for the source PCell;

1>
upon receiving N310 consecutive "out-of-sync" indications for the PCell from lower layers while neither T300, T301, T304, T311, nor T316 is running:

2>
start timer T310;

1>
upon receiving N313 consecutive "out-of-sync" indications for the PSCell from lower layers while T307 is not running:

2>
start T313;

1>
upon receiving indication of loss of UL synchronization for the PSCell from lower layers:

2>
start T317; and

2> acquire SIBxx;
NOTE:
Physical layer monitoring and related autonomous actions do not apply to SCells except for the PSCell.

<<skipped>>
5.3.11.2
Recovery of physical layer problems

Upon receiving N311 consecutive "in-sync" indications for the PCell from lower layers while T310 is running, the UE shall:

1>
stop timer T310;

1>
stop timer T312, if running;

NOTE 1:
In this case, the UE maintains the RRC connection without explicit signalling, i.e. the UE maintains the entire radio resource configuration.

NOTE 2:
Periods in time where neither "in-sync" nor "out-of-sync" is reported by layer 1 do not affect the evaluation of the number of consecutive "in-sync" or "out-of-sync" indications.

Upon receiving N314 consecutive "in-sync" indications for the PSCell from lower layers while T313 is running, the UE shall:

1>
stop timer T313;

Upon receiving indication of recovery from the loss of UL synchronization for the PSCell from lower layers, the UE shall:

1>
stop timer T317;

<<skipped>>
5.3.11.3
Detection of radio link failure

The UE shall:

1>
in case any DAPS bearer is configured, only the target PCell is considered in the following;

1>
upon T310 expiry; or

1>
upon T312 expiry; or

1>
upon T317 expiry; or

1>
upon random access problem indication from MCG MAC while neither T300, T301, T304 nor T311 is running; or

1>
upon indication from MCG RLC, which is allowed to be send on PCell, that the maximum number of retransmissions has been reached for an SRB or DRB:

2>
consider radio link failure to be detected for the MCG i.e. RLF;

2>
discard any segments of segmented RRC messages received;

2>
store the following radio link failure information in the VarRLF-Report (VarRLF-Report-NB in NB-IoT) by setting its fields as follows:

3>
clear the information included in VarRLF-Report (VarRLF-Report-NB in NB-IoT), if any;

3>
set the plmn-IdentityList to include the list of EPLMNs stored by the UE (i.e. includes the RPLMN);

3>
set the measResultLastServCell to include the RSRP and RSRQ, if available, of the PCell based on measurements collected up to the moment the UE detected radio link failure;

3>
except for NB-IoT, set the measResultNeighCells to include the best measured cells, other than the PCell, ordered such that the best cell is listed first, and based on measurements collected up to the moment the UE detected radio link failure, and set its fields as follows;

4>
if the UE was configured to perform measurements for one or more EUTRA frequencies, include the measResultListEUTRA;

4>
if the UE was configured to perform measurement reporting for one or more neighbouring UTRA frequencies, include the measResultListUTRA;

4>
if the UE was configured to perform measurement reporting for one or more neighbouring GERAN frequencies, include the measResultListGERAN;

4>
if the UE was configured to perform measurement reporting for one or more neighbouring CDMA2000 frequencies, include the measResultsCDMA2000;

4>
if the UE was configured to perform measurement reporting, not related to NR sidelink communication, for one or more neighbouring NR frequencies, include the measResultListNR;

4>
for each neighbour cell included, include the optional fields that are available;

NOTE 1:
The measured quantities are filtered by the L3 filter as configured in the mobility measurement configuration. The measurements are based on the time domain measurement resource restriction, if configured. Blacklisted cells are not required to be reported.

3>
except for NB-IoT, if available, set the logMeasResultListWLAN to include the WLAN measurement results, in order of decreasing RSSI for WLAN APs;

3>
except for NB-IoT, if available, set the logMeasResultListBT to include the Bluetooth measurement results, in order of decreasing RSSI for Bluetooth beacons;

3>
if detailed location information is available, set the content of the locationInfo as follows:

4>
include the locationCoordinates;

4>
include the horizontalVelocity, if available;

3>
set the failedPCellId to the global cell identity, if available, and otherwise , except for NB-IoT, to the physical cell identity and carrier frequency of the PCell where radio link failure is detected;
3>
except for NB-IoT, set the tac-FailedPCell to the tracking area code, if available, of the PCell where radio link failure is detected;
3>
except for NB-IoT, if an RRCConnectionReconfiguration message including the mobilityControlInfo was received before the connection failure:

4>
if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned an intra E-UTRA handover:

5>
include the previousPCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;
4>
if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned a handover to E-UTRA from UTRA and if the UE supports Radio Link Failure Report for Inter-RAT MRO:

5>
include the previousUTRA-CellId and set it to the physical cell identity, the carrier frequency and the global cell identity, if available, of the UTRA Cell in which the last RRCConnectionReconfiguration message including mobilityControlInfo was received;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo;

4>
if the last RRCConnectionReconfiguration message including the mobilityControlInfo concerned a handover to E-UTRA from NR and if the UE supports Radio Link Failure Report for Inter-RAT MRO NR:

5>
include the previousNR-PCellId and set it to the global cell identity of the PCell where the last RRCConnectionReconfiguration message including mobilityControlInfo was received embedded in NR RRC message MobilityFromNRCommand message as specified in TS 38.331 [82] clause 5.4.3.3;

5>
set the timeConnFailure to the elapsed time since reception of the last RRCConnectionReconfiguration message including the mobilityControlInfo embedded in NR RRC message MobilityFromNRCommand message as specified in TS 38.331 [82] clause 5.4.3.3.

3>
except for NB-IoT, if the UE supports QCI1 indication in Radio Link Failure Report and has a DRB for which QCI is 1:

4>
include the drb-EstablishedWithQCI-1;

3>
except for NB-IoT, set the connectionFailureType to rlf;

3>
except for NB-IoT, set the c-RNTI to the C-RNTI used in the PCell;

3>
except for NB-IoT, set the rlf-Cause to the trigger for detecting radio link failure;7.3.1
Timers (Informative)
<<skipped>>
7.3.1
Timers (Informative)

	Timer
	Start
	Stop
	At expiry

	T300

NOTE1

	Transmission of RRCConnectionRequest or RRCConnectionResumeRequest or RRCEarlyDataRequest
	Reception of RRCConnectionSetup, RRCConnectionReject or RRCConnectionResume or RRCEarlyDataComplete or RRCConnectionRelease for UP-EDT, cell re-selection and upon abortion of connection establishment by upper layers
	Perform the actions as specified in 5.3.3.6

	T301

NOTE1

	Transmission of RRCConnectionReestabilshmentRequest
	Reception of RRCConnectionReestablishment or RRCConnectionReestablishmentReject message as well as when the selected cell becomes unsuitable
	Go to RRC_IDLE

	T302
	Reception of RRCConnectionReject while performing RRC connection establishment or reception of RRCConnectionRelease including waitTime
	Upon entering RRC_CONNECTED and upon cell re-selection, or upon reception of RRCEarlyDataComplete or RRCConnectionRelease for UP-EDT or RRCConnectionRelease for UP transmission using PUR, or upon reception of RRCConnectionReject message for E-UTRA/5GC.
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T303
	Access barred while performing RRC connection establishment for mobile originating calls
	Upon entering RRC_CONNECTED and upon cell re-selection, or upon reception of RRCEarlyDataComplete or RRCConnectionRelease for UP-EDT or RRCConnectionRelease for UP transmission using PUR.
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T304
	Reception of RRCConnectionReconfiguration message including the MobilityControl Info or

reception of MobilityFromEUTRACommand message including CellChangeOrder or upon conditional reconfiguration execution i.e. when applying a stored RRCConnectionReconfiguration message including the MobilityControl Info.
	Criterion for successful completion of handover within E-UTRA, handover to E-UTRA or cell change order is met (the criterion is specified in the target RAT in case of inter-RAT)
	In case of cell change order from E-UTRA or intra E-UTRA handover, initiate the RRC connection re-establishment procedure; In case of handover to E-UTRA, perform the actions defined in the specifications applicable for the source RAT; If any DAPS bearer is configured and if there is no RLF in source PCell, initiate the failure information procedure.

	T305
	Access barred while performing RRC connection establishment for mobile originating signalling
	Upon entering RRC_CONNECTED and upon cell re-selection, or upon reception of RRCEarlyDataComplete or RRCConnectionRelease for UP-EDT or RRCConnectionRelease for UP transmission using PUR.
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T306
	Access barred while performing RRC connection establishment for mobile originating CS fallback.
	Upon entering RRC_CONNECTED and upon cell re-selection, or upon reception of RRCEarlyDataComplete or RRCConnectionRelease for UP-EDT or RRCConnectionRelease for UP transmission using PUR.
	Inform upper layers about barring alleviation as specified in 5.3.3.7

	T307
	Reception of RRCConnectionReconfiguration message including MobilityControlInfoSCG
	Successful completion of random access on the PSCell, upon initiating re-establishment and upon SCG release
	Initiate the SCG failure information procedure as specified in 5.6.13.

	T308
	Access barred due to ACDC while performing RRC connection establishment subject to ACDC
	Upon entering RRC_CONNECTED and upon cell re-selection, or upon reception of RRCEarlyDataComplete or RRCConnectionRelease for UP-EDT or RRCConnectionRelease for UP transmission using PUR.
	Inform upper layers about barring alleviation for ACDC as specified in 5.3.3.7

	T309

NOTE1
	When access attempt is barred at access barring check for an Access Category. The UE shall maintain one instance of this timer per Access Category.
	Upon entering RRC_CONNECTED, upon cell (re)selection, upon reception of RRCConnectionRelease, upon change of PCell while in RRC_CONNECTED, or upon reception of MobilityFromEUTRACommand.
	Perform the actions as specified in 5.3.16.4.

	T310

NOTE1

NOTE2
	Upon detecting physical layer problems for the PCell i.e. upon receiving N310 consecutive out-of-sync indications from lower layers
	Upon receiving N311 consecutive in-sync indications from lower layers for the PCell, upon triggering the handover procedure, upon initiating the connection re-establishment procedure, and upon initiating the MCG failure information procedure.
	If security is not activated and the UE is not a NB-IoT UE that supports RRC connection re-establishment for the Control Plane CIoT EPS/5GS optimisation: go to RRC_IDLE else: initiate the MCG failure information procedure as specified in 5.6.26 or the connection re-establishment procedure as specified in 5.3.7.

	T317
	For NTN access, upon detecting physical layer problems for the PCell i.e. upon receiving indication of loss of UL synchronization from lower layers
	Upon acquiring ephemeris from SIBxx or upon leaving RRC_CONNECTED.
	If security is not activated and the UE is not a NB-IoT UE that supports RRC connection re-establishment for the Control Plane CIoT EPS/5GS optimisation: go to RRC_IDLE else: the connection re-establishment procedure as specified in 5.3.7.
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