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[bookmark: _GoBack]In this contribution, we discuss the remaining issues related to uplink time and frequency synchronization including the following aspect [1]:
· Whether backward propagation of the orbit and Common TA (or ) can be supported
Considerations about the  time interval during which the NTN UE is allowed to use newly acquired NTN assistance information to maintain UL synchronization
Several higher layer parameters have been introduced to assist NTN UL time and frequency synchronization procedures. These parameters include the satellite ephemeris parameters, TA common related parameters and epoch time and validity duration parameters.
The epoch time is a reference time for which assistance information (i.e., serving satellite ephemeris and common TA parameters) is valid for.
The assistance information validity timer is started by the UE at the epoch time of assistance information with a timer validity duration ntnUlSyncValidityDuration. If the timer expires then the associated parameter values can no more be used to maintain UL synchronization and more recently acquired assistance information should be used instead by the UE.
Ephemeris data and TA common related parameters are required to derive the common and UE specific one way propagation delays at a given time and, from there, estimate the contributions  and  required for TA calculation.
Hence, it is up to the network to derive the right values for these parameters to ensure that the UE will be able to self-estimate its TA with sufficient accuracy over the time period/interval during which the UE is likely to use these values to make its estimate. 
As a consequence, it is essential that both the network and the NTN UE share a common understanding about this time interval definition. This common understanding is needed to ensure that :
· The NTN UE does not use the acquired parameters to make estimations outside this time interval ;
· The network is able to implement fitting functions which derive the parameters values to be broadcast in coherence with this time interval definition.

 It is essential that both the network and the NTN UE share a common understanding about the  time interval during which the NTN UE is likely to use newly acquired NTN assistance information to assist UL synchronization. This common understanding is needed to ensure that :
· The NTN UE does not use the acquired parameters to make estimations outside this time interval ;
· The network is able to implement fitting functions which derive the parameters values to be broadcast in coherence with this time interval definition.

RAN1 to further clarify in the specifications the definition of the time interval during which the NTN UE is likely to use acquired NTN assistance information to assist UL synchronization. This clarification is needed to avoid misalignments between the NTN UE behavior and the network fitting functions implementation used for the generation the NTN assistance parameters. 


Based on our understanding of the current Rel-17 NTN specifications, there are currently two possible
interpretations to define this time interval as illustrated in Figure 1 :

Option 1 : This time interval is by default defined by the time window starting at the epoch time t0 and finishing at t0+ntnUlSyncValidityDuration. We say it is a definition by default since there is no other explicit information shared between the UE and the network to establish a common understanding. Of course, other interpretations and associated definitions may also be justified which is the issue discussed here.
Option 2 : Since there is no explicit information/parameter for the network to know or control up to which amount of time in advance of the epoch time the NTN UE is likely to use the associated assistance parameters, the only assumption the network can make is to assume the UE can do it as soon as the assistance information is acquired. With this option, the time interval is defined by the time window starting at the time of NTN assistance information acquisition and finishing at t0+ntnUlSyncValidityDuration.

Based on our understanding of the current Rel-17 NTN specifications, they are currently two possible interpretations to define the time interval during which the NTN UE is likely to use newly acquired NTN assistance information to assist UL synchronization :
· Option 1: This time interval is defined by the time window starting at the epoch time t0 and finishing at t0+ntnUlSyncValidityDuration.
· Option 2: The time interval is defined by the time window starting at the time of NTN assistance information acquisition and finishing at t0+ntnUlSyncValidityDuration.
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[bookmark: _Ref108107291]Figure 1 : Time interval definitions

From our perspective, the Option 1 makes the ephemeris data acquisition triggering process difficult to implement. Indeed, the UE has no control whatsoever on the epoch time included in the NTN assistance information and cannot anticipate which epoch time will be used by the network in the next assistance information broadcast. Then, when the assistance information validity timer is close to expire, the UE is never sure how to correctly determine when to trigger a new assistance information acquisition. 
As a consequence, this option may lead to lead to unintended periods of synchronization loss as depicted in Figure 2. Indeed, in this scenario, even if the acquisition is performed before the validity timer expires, the NTN UE is not allowed to use the newly acquired data right away to maintain its UL synchronization.
The Option 1 makes the ephemeris data acquisition triggering process difficult to implement which may lead to unintended periods of synchronization loss.
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[bookmark: _Ref108108608]Figure 2: Typical case of losses of synchronization in case option 1 is considered.

Option 2 solves the issue since the UE knows it can use the newly acquired information as soon as it performs a successful assistance information acquisition. Moreover, some companies have shown interest to make the NTN UE capable of using satellite ephemeris and  common TA parameters to assist UL synchronization at times occurring before the epoch time associated to the assistance information. Only Option 2 can make such operation doable as long as the network shares the same understanding about the fitting period definition and has taken into account this possibility when providing the common TA related parameters.  
The Option 2 does not suffer from the previously identified drawback and makes the NTN UE able to use assistance information at times occurring before the associated epoch time.

RAN1 to support Option 2.
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