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Introduction
The WI description for RAN4 work related to NR over NTN was presented in [1]. Following the progress of RAN4 on the topic, it was approved an extension for the WI activities, in order to address eventual open issues. The WI exception list provided in [2] includes RAN4 RRM requirements, with provision for clarifications and addressing possible inconsistencies.  This contribution proposes further clarification for issues regarding the consistency of GNSS-related operation by UEs in NTN.   In [3] several issues are listed, of which we discuss several in the following sections.

Discussion on Transmit Timing
In the Way Forward of RAN4 #104e [1], it is discussed the need for defining a point in time to be the reference for measuring the transmit timing error. This is an important aspect to be specified, in order to ensure a well defined test-case. 
In 38.133 [2] the text provided specifies what should be the UL transmit timing advance for a NTN UE:
	38.133 7.1C.2

“The reference point for the UE initial transmit timing control requirement shall be the downlink timing of the reference cell minus (NTA + NTA-offset + NTA,common + NTA,UE-specific)×Tc.” 





From that it is possible to derive a test case, by converting the timing advance equation above to a point in time and check UE compliance with this point in time. For this, the next step is to convert each element of the equation and sum their individual contributions:  These elements are: “downlink timing”, NTA, NTA-offset , NTA,common , NTA,UE-specific. And that’s how they are defined:
a) Downlink timing: “timing is defined as the time when the first detected path (in time) of the corresponding downlink frame is received from the reference cell. “ .  
 Once the DL is received by the UE, it is very clear what point in time this refers to. 

b) NTA-offset: It is a constant, defined in TABLE 7.1.2-2. For SA deployments, this corresponds to 25600.  
c)  NTA: It is assigned by the gNB. Once the UE receives this parameter, it treats it as a constant, until it receives an updated value. But even when the value is updated by gNB there is a clear definition of the point in time this becomes valid.  
	38.133 7.3C.2.1
“UE shall adjust the timing of its uplink transmission timing at time slot n+ k+1 for a timing advance command received in time slot n” 




Observation 1: The application of downlink timing reference, NTA-offset  and NTA is well defined in the timing advance requirements. 

d) NTA,common: The application of this parameter 38.213 is defined in TS 38.213[3]:

	TS 38.213 4.2
“To pre-compensate the two-way transmission delay between the uplink time synchronization reference point and the serving satellite, the UE determines [4, TS 38.211] based on one-way propagation delay  that the UE determines as:

where , , and  are respectively provided by ta-Common, ta-CommonDrift, and ta-CommonDriftVariant and  is the epoch time of , , and  [12, TS 38.331].  provides a distance at time  between the serving satellite and the uplink time synchronization reference point divided by the speed of light. The uplink time synchronization reference point is the point where DL and UL are frame aligned with an offset given by .”




So, at any given a time “t”, it is possible to calculate the value of the one-way common delay, and then the UE is instructed  to use this formula to compensate for the round trip delay. But there is no clear definition what the time “t” should be used in the formula at the UE side. If two UEs are in the same location, and one decides to updates the parameter at the beginning of the frame whereas the other decides to update it only in the subframe where an uplink transmission is expected they end up with different values for NTA,common even if perfect correction is applied in both cases. But for testing purposes, only one of them can be true. 

Observation 2: The application of NTA,common lacks the definition of the expected point of application. 

Moreover, in the common delay equation in 38.213 the delay is represented in seconds, whereas in the timing advance formula, NTA,common is given in terms of Tc. 

e) NTA,UE-specific: The text of 38.213 [3] is not very clear about the value to be used in NTA,UE-specific given the satellite ephemeris and UE GNSS position. The text is limited to say:
	TS 38.213 4.2
“Using higher-layer ephemeris parameters for a serving satellite, if provided, a UE pre-compensates the two-way transmission delay on the service link based on  that the UE determines using the serving satellite position and its own position.”




The problem is similar to the one described in d). Again, two UEs may decide do refresh NTA,UE-specific at different point in times. As there are no requirements defined yet, a UE with a running validity timer may choose not to update the value of  NTA,UE-specific for the entire duration of the validity timer without breaking any f requirements. 

Observation 3: The application of NTA,UE-specific lacks the definition of the expected point of application. 

Based on the points discussed above and in the Observations 1-3, we propose:
 
	Proposal 1: UE must update the values of  using the ephemeris information and  using the common delay formula at the beginning of every uplink slot. 

The reason for updating it at the beginning of every uplink slot is to guarantee that it will be aligned with updates in the  NTA component.


Another issue was presented in [6] and discussed in [7], about the expectation on the common delay and  UE specific components on the timing advance formula presented above. It discusses if the components must consider factors accounting for the satellite mobility during the time the uplink signal travels until reaching the satellite.  
	From [6]: 
“It is agreed that NTA,common = F3+F4 and  NTA,UE-specific = S3 + S4 for reference timing for UE transmit timing.”



That discussion speaks to the definition of the  and  components in the requirements. And it is important to define the expectations for UE application of its autonomously updated timing advance components. If the satellite movement is not accounted, the UE must correct only for the distance between UE and gNB at the moment UE updates both components.  

Proposal 2: RAN 4 to define the requirements for application of the UE autonomous components of the timing advance:
· Option 1: UE considers the satellite movement. The timing advance components consider the common delay and UE-satellite distance at the moment the UL signal reaches the satellite 

· Option 2: UE does not consider the satellite movement. The timing advance components consider the common delay and UE-satellite distance at the moment the UE is updating their values. 
· Option 3: Asks RAN 1 to clarify the application of these components. 


Conclusion
This paper analyzed open issues in setting requirements for the autonomous application of timing advance by the UE.
According to the investigation described in this paper, we therefore have the following observations and proposals:
Observation 1: The application of downlink timing reference, NTA-offset  and NTA is well defined in the timing advance requirements. 

Observation 2: The application of lacks the definition of the expected point of application. 

Observation 3: The application of  lacks the definition of the expected point of application. 

Proposal 1: UE must update the values of  using the ephemeris information and  using the common delay formula at the beginning of every uplink slot.
Proposal 2: RAN 4 to define the requirements for application of the UE autonomous components of the timing advance:
· Option 1: UE considers the satellite movement. The timing advance components consider the common delay and UE-satellite distance at the moment the UL signal reaches the satellite 

· Option 2: UE does not consider the satellite movement. The timing advance components consider the common delay and UE-satellite distance at the moment the UE is updating their values. 
· Option 3: Asks RAN 1 to clarify the application of these components. 
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