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1 Introduction

In RAN1 #106bis meeting, RAN1 had the following agreements relating to the validity timer for UL synchronization and a corresponding LS was sent to RAN2 to specify UE behaviour related to expiry of UL synchronization validity timer.
	RAN1 #106bis
Agreement:
The validity timer for UL synchronization is started/restarted with configured timer validity duration at the epoch time of the assistance information (i.e. serving satellite ephemeris data).

· FFS: Precise definition of epoch time taking into account SIB repetitions

Agreement:
A single validity duration for both serving satellite ephemeris and common TA related parameters is defined at least if serving satellite ephemeris and common TA parameters are signalled in the same SIB message.

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




	RAN1 #107

Validity timer for UL synchronization:

 
Agreement
The serving satellite ephemeris and common TA related parameters are signalled in the same SIB message and have the same epoch time.
 
Agreement
A single validity duration for both serving satellite ephemeris and common TA related parameters is broadcast on the SIB.
 
Agreement
Validity timer for UL synchronization should be started/restarted with configured timer validity duration at the epoch time of the assistance information.
 

Agreement
Validity timer duration is configured per cell and indicated to the UE in X bits with:
· Value range {5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 120, 180, 240}

· Unit is second

· FFS Additional values for GEO




In RAN1 #107 meeting, RAN1 made the following agreements relating to GNSS validity duration, and a LS was sent to RAN2 to the aspects related to GNSS position validity:
	RAN1 #107
GNSS validity:

Agreement
The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.
· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}

Agreement
Send LS to RAN2 to take the following RAN1 agreements into consideration to specify the aspects related to GNSS position validity:

· For sporadic short transmission, UE in RRC_CONNECTED should go back to idle mode and re-acquire a GNSS position fix if GNSS becomes outdated 

· The UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling.

· X = {10s, 20s, 30s, 40s, 50s, 60s, 5 min, 10 min, 15 min, 20 min, 25 min, 30 min, 60 min, 90 min, 120 min, infinity}

· Note: The duration of the short transmission is not longer than the “validity timer for UL synchronization” referred to in the WID objective (but which still needs further discussion for specifying further details)




In this contribution, we will address the RAN2 aspects related to the expiry of UL synchronization validity timer and GNSS position validity.
2 Discussion
2.1 UL synchronization validity timer

2.1.1 UL synchronization recovery procedure
For IoT NTN, UE needs to ensure having a valid version of ephemeris and common TA information when UE is in connected mode, otherwise UL synchronization will be lost. Ephemeris and common TA information are broadcast in SIB. There is a UL synchronization validity timer associated with the ephemeris and common TA information. If the timer expires, UE considers the stored ephemeris and common TA information are not valid, and UE needs to reacquire the Ephemeris and common TA information. However, currently for BL UEs, UEs in CE mode and NB-IOT UEs, they are not required to acquire system information when in connected mode unless RLF occurs. To solve this issue, RAN1 has provides 3 options for RAN2 to choose:
Option 1: declare RLF to re-acquire ephemeris and common TA parameters when UL synchronization validity timer expires
Option 2: new procedure for re-acquiring ephemeris and common TA parameters when UL synchronization validity timer expires

Option 3: do not specify UL synchronization recovery procedure but go to idle mode instead.
We think it has clear benefits not to go to idle mode, e.g. signalling overhead, state mismatch issue, power consumption. Thus we suggest to specify UL synchronization recovery procedure.

Proposal 1 RAN2 agree to specify UL synchronization recovery procedure.

Regarding the two options for recovering UL synchronization, we think it is not a good idea to declare RLF.
The current RLF procedure is modelled as following:

1. Firstly, when RLF is declared, UE will store the radio link failure information in the VarRLF-Report.

2. Then UE will trigger RRC reestablishment procedure.

3. During the RRC reestablishment procedure, UE will suspend all RBs, reset MAC, release the MCG SCell(s), apply default MAC and PHY configurations.
4. Then UE will perform cell selection procedure, during which UE can reacquire the SIB containing ephemeris and common TA parameters. 

5. After cell selection, UE initiates the transmission of RRCConnectionReestablishmentRequest message.
Except for reacquire the SIB containing ephemeris and common TA parameters, all the other procedures are not needed and will increase signalling exchange and UE power consumption.
Thus, we propose to use new procedure to reacquire ephemeris and common TA parameters. A simple solution is that UE considers its TAT is expired. Then, following the current TAT expire procedure, UE flush all HARQ buffers, release PUCCH/SRS/CG resources. No UL transmission except random access procedure can be iniated after TAT expiry, which can meet RAN1’s requirement on potential RA procedure after re-acquires ephemeris and common TA to avoid residual TA error. Thus UE can re-acquire the ephemeris and common TA parameters. 
Proposal 2 When UL synchronization validity timer expires, UE declares TAT expiry.
Proposal 3 Following TAT expiry, UE applies the legacy procedure, i.e. flush HARQ buffer, release PUCCH/SRS/CG/dedicated SR resources.

RAN2 agreed that ephemeris information will be broadcast in a new SIB, and RAN1 agreed that ephemeris and common TA are broadcast in the same SIB. Thus, both ephemeris and common TA will be broadcast in the new SIB. Thus, when UL synchronization validity timer expires, UE needs to ensure having a valid version of MIB, SIB1 and the new SIB.
Proposal 4 When UL synchronization validity timer is not running, UE needs to ensure having a valid version of MIB, SIB1 and the new SIB that carries ephemeris and common TA parameters.
After UL synchronization validity timer expires, UE will re-acquire ephemeris and common TA. When UE is acquiring the related SIBs, it may not be able to receive other downlink messages. Thus, we propose:
Proposal 5 For connected UE, when UL synchronization validity timer is not running, UE is not required to receive DL transmissions other than system information.
If UE is not being able to acquire the new SIB, UE moves to idle mode.
Proposal 6 If UE is not being able to acquire the ephemeris and common TA, UE moves to idle mode.
2.1.2 UL synchronization validity timer report procedure

RAN1 has asked RAN2 to specify UE signalling to indicate the validity timer for UL synchronization is about to expire, because network may not know when UE starts UL synchronization validity timer. The reason for this is linked to the start mechanism of UL synchronization validity timer. UL synchronization validity timer is started at the epoch time of ephemeris/common TA parameter. RAN1 has agreed two ways to indicate epoch time:

1. explicitly provided through SIB the starting time of a DL sub-frame, indicated by a SFN and a sub-frame number signaled together with the assistance information

2. implicitly provided through SIB known as the end of the SI window during which the SI message is transmitted
If epoch time of ephemeris/common TA parameter is explicitly provided in SIB, all UEs will start UL synchronization validity timer at the same time, network knows when UE starts the UL synchronization validity timer. However, if epoch time of ephemeris/common TA parameter is not explicitly provided in SIB, UE starts the UL synchronization validity timer according to the end of the SI window where SIB is received. Since UE may receive the SIB in different SI windows, network will not know when UE starts the UL synchronization validity timer.
Proposal 7 RAN2 to confirm that only for the case that epoch time is implicitly provided by SIB, network does not know when UE starts the UL synchronization timer.
Then, for the case that epoch time is implicitly provided by SIB, UE needs to let network know when UL synchronization timer is about to expire in order to avoid losing UL synchronization. Network should be able to decide whether to let UE report UL synchronization timer information. 
Proposal 8 Network can configure UE whether to provide UL synchronization timer information.
Proposal 9 If configured by network to provide UL synchronization timer information, and if epoch time is implicitly provided by SIB, UE in connected mode transmits to the network UL synchronization timer information if UE did not transmit UL synchronization timer information. 
When UL synchronization validity timer expires, and UE re-acquires ephemeris/common TA parameter, UL synchronization validity timer will be restarted, then UE still needs to update the UL synchronization validity timer information to network. 
Proposal 10 If configured by network to provide UL synchronization timer information, and if epoch time is implicitly provided by SIB, UE in connected mode transmits to the network UL synchronization timer information after restarting UL synchronization timer.
Regarding the content of UL synchronization timer report, UE can report the remaining time that UL synchronization timer is about to expire. UEAssistanceInformation message can be used to carry the report.
Proposal 11 For the content of UL synchronization timer report, UE reports the remaining time before UL synchronization timer expiry. UEAssistanceInformation message can be used to carry the report.
2.2 GNSS position validity

2.2.1 GNSS position outdate
RAN1 has agreed that when GNSS becomes outdated, UE will go to idle mode. The issue is whether UE should declare RLF but without initiating RRC connection re-establishment procedure before moving to idle mode. The benefit of declaring RLF is that UE can store the related failure information in VarRLF-Report, such as plmn-IdentityList, measResultLastServCell, measResultNeighCells, failedPCellId, to let network to better understand the reason of state mismatch caused by moving to idle directly. The connectionFailureType can be set to rlf, rlf-Cause to GNSS outdated.
Proposal 12 When GNSS becomes outdated, UE first declares RLF and then moves to idle mode. When declaring RLF, UE stores the RLF information (e.g. PLMN, PCI, measurement results) in VarRLF-Report, set connectionFailureType to rlf, set rlf-Cause to GNSS outdated, but does not initiate RRC connection r-eestablishment procedure.
When UE release RRC connection and move to idle mode, a release cause need to be provided to NAS layer. We suggest to set the release cause to GNSS outdated.
Proposal 13 When GNSS becomes outdated, UE moves to idle mode with release cause GNSS outdated.

2.2.2 GNSS validity duration report

RAN1 agreed that the UE autonomously determines its GNSS validity duration X and reports information associated with this valid duration to the network via RRC signalling. Network should be able to control whether UE should provide GNSS validity duration.
Proposal 14 Network can configure UE whether to provide GNSS validity duration.
The are multiple options on which RRC signalling to carry GNSS validity duration:
Option 1: RRCConnectionSetupComplete/RRCConnectionResumeComplete
Option 2: UEInformationResponse
Option 3: UEAssistanceInformation
Option 4: new RRC message

For Option 1, GNSS validity duration X is not so urgent that requires to be sent as early as the complete message. For option 2, it requires eNB to request for reporting GNSS validity duration X first, it seems unnecessary. Option 4 is not recommended for only reporting GNSS validity duration X.

Proposal 15 UEAssistanceInformation message is used for reporting GNSS validity duration X.
3 Conclusions  

Proposal 1 RAN2 agree to specify UL synchronization recovery procedure.

Proposal 2 When UL synchronization validity timer expires, UE declares TAT expiry.
Proposal 3 Following TAT expiry, UE applies the legacy procedure, i.e. flush HARQ buffer, release PUCCH/SRS/CG/dedicated SR resources.

Proposal 4 When UL synchronization validity timer is not running, UE needs to ensure having a valid version of MIB, SIB1 and the new SIB that carries ephemeris and common TA parameters.
Proposal 5 For connected UE, when UL synchronization validity timer is not running, UE is not required to receive DL transmissions other than system information.
Proposal 6 If UE is not being able to acquire the ephemeris and common TA, UE moves to idle mode.
Proposal 7 RAN2 to confirm that only for the case that epoch time is implicitly provided by SIB, network does not know when UE starts the UL synchronization timer.
Proposal 8 Network can configure UE whether to provide UL synchronization timer information.
Proposal 9 If configured by network to provide UL synchronization timer information, and if epoch time is implicitly provided by SIB, UE in connected mode transmits to the network UL synchronization timer information if UE did not transmit UL synchronization timer information. 
Proposal 10 If configured by network to provide UL synchronization timer information, and if epoch time is implicitly provided by SIB, UE in connected mode transmits to the network UL synchronization timer information after restarting UL synchronization timer.
Proposal 11 For the content of UL synchronization timer report, UE reports the remaining time before UL synchronization timer expiry. UEAssistanceInformation message can be used to carry the report.
Proposal 12 When GNSS becomes outdated, UE first declares RLF and then moves to idle mode. When declaring RLF, UE stores the RLF information (e.g. PLMN, PCI, measurement results) in VarRLF-Report, set connectionFailureType to rlf, set rlf-Cause to GNSS outdated, but does not initiate RRC connection r-eestablishment procedure.

Proposal 13 When GNSS becomes outdated, UE moves to idle mode with release cause GNSS outdated.

Proposal 14 Network can configure UE whether to provide GNSS validity duration.
Proposal 15 UEAssistanceInformation message is used for reporting GNSS validity duration X.
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