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1. Introduction 
In IoT NTN WID [1], it is assumed that eMTC/NB-IoT UEs have GNSS capability. However, these UEs cannot perform UL/DL operation while using GNSS.

· GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.

Therefore, when UE is reading GNSS data, this will incur interruption. In addition, eMTC/NB-IoT UE is not required to acquire any SIB in RRC_CONNECTED, therefore, acquisition of SIB may also incur interruption specially for NB-IoT UEs. In this document, we provide further details on how to recover the connectivity after such interruption.
2. Discussion 

Synchronization validity 

Due to power drain and interruption, a UE is not 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. 

One approach to achieve this would be via the use of synchronization timers that are started when the UE acquires necessary uplink synchronization. While such timer(s) is (are) ON, the UE is not required to read a SIB containing satellite location information. This is, in spirit, similar to the timeAlignmentTimer that is currently specified for TA validity in terrestrial networks.
The existing behaviour on expiry of timeAlignmentTimer is specified in TS 36.331 as

-
when a timeAlignmentTimer expires:

-
if the timeAlignmentTimer is associated with the pTAG:
-
flush all HARQ buffers for all serving cells;

-
notify RRC to release PUCCH/SPUCCH for all serving cells;

-
notify RRC to release SRS for all serving cells;

-
for NB-IoT, notify RRC to release all dedicated resources for SR;

-
clear any configured downlink assignments and uplink grants;

-
consider all running timeAlignmentTimers as expired;

This means UE is not able to perform any UL transmission expect Random Access Preamble transmission until UE receives TA command from the network. This behaviour can be kept as it is even in NTN.
For NTN, any such timer will also need to take into account the frequency synchronization aspect (which is not an issue in terrestrial networks) as well as time/frequency compensation for Random Access Preamble transmission. Moreover, since the acquisition of SIBs (for satellite location) may be driven by the UE, such timer(s) may potentially be UE-initiated (with potential reporting of timer (re-)starts to the network). In other word, the network may not know exact UE’s location and additional signalling such as TA command is additional overhead to ask UE to fix UL synchronization, i.e., to restart the timer. In addition, there is a need for UE to indicate to network when it becomes ready for UL and DL transmissions. Therefore, it is cleaner to define a new synchronization validity timer (for both time and frequency compensation) in NTN and this has already been captured in WID [1] in the scope of RAN1. 
Specify the following time and frequency synchronization enhancements that are not covered by NR_NTN_Solutions WI agreements, according to Section 8 in TR 36.763:

-
Long PUSCH and PRACH Transmission enhancements: segmented UE pre-compensations, new UL gaps and/or implementation solutions, time units and duration of segments.

-
Validity timer for UL synchronization: satellite ephemeris, and potentially other aspects

-
DL synchronization enhancements: A single solution will be selected between: new channel raster, (part of) ARFCN-indication-in-MIB. 

-
GNSS Measurements: Validity of a GNSS position fix and details of acquiring a GNSS position fix, duration of validity, in RRC CONNECTED mode for sporadic short transmission

As specified in WID [1], the synchronization validity timer is assumed to be specified by RAN1.
Proposal 1 The synchronization validity timer determines how long UE can assume current UL synchronization (in time and frequency) is valid. FFS: how to configure and range of timer value.
Proposal 2 The synchronization validity timer is considered expired if the stored ephemeris is no longer valid.

Proposal 3 The synchronization validity timer is (re)started upon acquiring ephemeris.
Synchronization failure and recovery 

Associated with the notion of synchronization validity described above, there is a need to define UE behaviour when synchronization failure (e.g., ephemeris) occurs. For the timer-based approach for synchronization validity, described above, a synchronization failure may be indicated by the expiry of such timer. 

Solutions in the realm of synchronization failure and recovery can go from simply tearing down the connection and re-starting from RRC_IDLE, to more elaborated UL synchronization failure recovery procedure(s) to prioritize re-acquiring satellite information over communication with eNB using dedicated channels. 

Similarly, when GNSS data is outdated, UE may also loose UL synchronization as it may have moved. In which 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.
A simple UE behaviour upon detecting synchronization failure would be to trigger radio link failure (RLF). This will avoid further changes to specification. Upon triggering RLF, UE will start RRC reestablishment 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.

Proposal 5 RAN2 discuss if RLF is triggered when the synchronization validity timer is expired.
3. Conclusion

Following proposals are made.
Proposal 1
The synchronization validity timer determines how long UE can assume current UL synchronization (in time and frequency) is valid. FFS: how to configure and range of timer value.
Proposal 2
The synchronization validity timer is considered expired if the stored ephemeris is no longer valid.
Proposal 3
The synchronization validity timer is (re)started upon acquiring ephemeris.
Proposal 4
Wait for RAN1 progress on GNSS validity before making decision on UE behaviour upon expiry of GNSS validity.
Proposal 5
RAN2 discuss if RLF is triggered when the synchronization validity timer is expired.
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