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Introduction
The study of NB-IoT/eMTC support for NTN was concluded [1]. Several topics were identified for further work in Release 17. This is summarized in the work item descriptions [2]. 

One RAN1 objective of this work item is to specify the time and frequency synchronization enhancement that are not covered by NR NTN. This include long PUSCH and PRACH transmission enhancements, validity timer for UL synchronization, DL synchronization enhancements and GNSS measurements. 

In the last RAN1 meeting [3], [4], the enhancements on time and frequency synchronization in IoT over NTN were discussed and the following agreements have been made.

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:
Configuration of UL transmission segment is indicated on SIB at least for initial access
· FFS via UE-specific RRC signalling in RRC_CONNECTED.

Agreement:
For eMTC PUSCH, a 3-bit field to indicate K=8 values for the uplink transmission segment duration:
· Full-PRB allocation (unit: subframes): 2 4 8 16 32 64 128 256
· Sub-PRB allocation (unit: resource units): 1 2 4 8 16 32 64 128

Agreement:
For eMTC, a 3-bit field is defined in the SIB to indicate the following K=8 values for the uplink transmission segment duration of PRACH:
· (TCP+TSEQ+TGP), 2*(TCP+TSEQ+TGP), 4*(TCP+TSEQ+TGP), 8*(TCP+TSEQ+TGP), 16*(TCP+TSEQ+TGP), 32*(TCP+TSEQ+TGP), 64*(TCP+TSEQ+TGP), 128*(TCP+TSEQ+TGP)  

Agreement:
For eMTC, the same value is used for segment durations for all PRACH preambles

Agreement:
For NB-IOT, the same value is used for segment durations for all NPRACH preambles for a particular NPRACH format

Agreement:
In eMTC/NB-IoT, NTA update based on TA Command field in msg2 and MAC CE TA command is used for UL timing alignment correction as follows:
· No extension on TAC 11-bit field in Random Access Response 
· When TAC (TA) in Msg2 is received, UE first adjustment and NTA is adjusted as follows: NTA,new = TA 16, where TA is the timing advance command in msg2.
· When TACs ( provided within the MAC CE is received,  is updated as follows: 
·  ,
· Where TA is the TAC field received in MAC CE command.

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

In this contribution, we provide our views on the topics of GNSS measurement, validity timer for uplink synchronization, long uplink transmission and downlink synchronization. 
Discussion
GNSS measurement
It was agreed [5] that 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.

It is open how UE determines how long a GNSS position fix is valid. Considering the maximum IoT device motion of 120 km/h [1], the device position change is around  meters after  seconds. If the TA error due to GNSS position error is limited by 10% of the CP length, then the GNSS position error should be less than 140 meters. This implies the GNSS position fix has to be performed about every 5 seconds. Considering that TA command MAC CE could fix uplink timing error, the GNSS position error could be a little relaxed. 

Proposal 1: UE autonomously determines the validity of GNSS position fix, based on UE’s mobility patterns (e.g., UE speed). 

It is open whether network needs to know on the validity of UE’s GNSS position fix. Since UE with outdated GNSS position is considered as out of synchronization and is not expected to make any uplink transmissions. To facilitate network’s uplink scheduling, it is beneficial for UE to report its GNSS position fix validity duration. 

This report has to occur before the expiration of the GNSS position fix validity timer. The report could be via high layer signaling to ensure the reliable transmissions. We may consider MAC CE for the report to achieve lower latency. 

Proposal 2: UE reports GNSS position fix validity duration to network via high layer signaling (e.g., MAC CE).

To reduce the signaling overhead of reporting, we think the event-triggered reporting should be supported. For example, UE reports its GNSS position fix validity timer is less than a threshold. 

Proposal 3: UE reporting GNSS position fix validity duration is event-triggered, e.g., when the GNSS position fix validity timer is less than a threshold.  

There are several options on UE behavior when the GNSS becomes outdated. One option is that UE in RRC_CONNECTED state declares RLF and move to RRC_IDLE state. This option provides UE enough time to measure GNSS. However, this option has large signaling overhead, and UE may experience long time of disconnection. Another option is that network configures scheduling gap window for UE to re-acquire GNSS position fix without releasing connection. During this scheduling gap window, UE should suspend uplink transmissions. We prefer the latter option since it has shorter interruption time on NTN service and less signaling overhead.

Proposal 4: UE expects to receive a scheduling gap window from network after reporting GNSS position fix validity duration. UE suspends uplink transmissions and re-acquires GNSS position fix during this scheduling gap window. 

Validity timer for uplink synchronization
It was agreed [5] that the validity timer of uplink synchronization is configured by the network. This includes the validity timer for satellite ephemeris and common TA parameters. It was agreed [3] that 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 signaled in the same SIB message. 

The validity timer for uplink synchronization is started with configured timer validity duration at the epoch time of the uplink synchronization parameters. The precise definition of epoch time is still open. 

We think the epoch time is set as the start of SI window of SI message carrying uplink synchronization parameters. This implicit indication of the epoch time saves additional signaling overhead to indicate the epoch time. Also, network is able to align the indicated common TA and satellite ephemeris to the epoch time. 

Proposal 5: Validity timer for uplink synchronization (i.e., satellite ephemeris or common TA parameters) (re)starts at the starting time of system information window of system information carrying uplink synchronization parameters.

Long uplink transmission
It was agreed [3] that configuration of uplink transmission segment is indicated in SIB at least for initial access. It is open whether this configuration can also be signaled via UE-specific RRC signaling in RRC_CONNECTED state.  

In our view, the value of uplink transmission segment depends on deployment scenario. For example, the value of uplink transmission segment is large in GEO due to the negligible timing drift rate, while the value of uplink transmission segment is small in LEO due to the large timing drift rate. Even with the same deployment scenario (e.g. in LEO), the timing drift rate varies with time or elevation angles. Instead of a cell specific uplink transmission segment value, we think a UE specific uplink transmission segment value fits the situation. This uplink transmission segment value could be indicated by network via UE-specific RRC signaling. 

Proposal 6: Support the configuration of uplink transmission segment via UE-specific RRC signaling. 

Downlink synchronization
The downlink synchronization needs to be enhanced in IoT NTN. It was identified that the UE can have initial frequency error exceeding 50 kHz due to both crystal error in device and satellite-based Doppler shift. Two potential solutions were identified [1]: new channel raster and (part of) ARFCN-indication-in-MIB.

The channel raster step size could be increased from 100 kHz to a larger number (e.g., 200 kHz). This approach could address the downlink synchronization error. However, this has RAN4 impact. The other potential solution is to include part of ARFCN information in MIB. This approach requires multiple hypotheses testing before decoding the PBCH, which includes the correct channel frequency information. Comparing the two approaches, we think the new channel raster has less specification impact and is preferred. 

Proposal 7: Consider increasing the channel raster step size in IoT NTN. 

Conclusion
In this contribution, we provided our views on time and frequency synchronization in IoT NTN. Our proposals are as follows:  

Proposal 1: UE autonomously determines the validity of GNSS position fix, based on UE’s mobility patterns (e.g., UE speed). 

Proposal 2: UE reports GNSS position fix validity duration to network via high layer signaling (e.g., MAC CE).

Proposal 3: UE reporting GNSS position fix validity duration is event-triggered, e.g., when the GNSS position fix validity timer is less than a threshold.  

Proposal 4: UE expects to receive a scheduling gap window from network after reporting GNSS position fix validity duration. UE suspends uplink transmissions and re-acquires GNSS position fix during this scheduling gap window. 

Proposal 5: Validity timer for uplink synchronization (i.e., satellite ephemeris or common TA parameters) (re)starts at the starting time of system information window of system information carrying uplink synchronization parameters.

Proposal 6: Support the configuration of uplink transmission segment via UE-specific RRC signaling. 

Proposal 7: Consider increasing the channel raster step size in IoT NTN. 
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