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1	Introduction
The Rel-18 “WID on IoT NTN enhancements” which included the objective of improved GNSS operation [1], was concluded from a RAN1 perspective in RAN1# 114. In this contribution, we discuss a remaining issue related to Rel-18 GNSS enhancements for IoT NTN. Specifically, the following feature lead recommendation was made in RAN1#116:
FL recommendation: 
Companies in RAN1 are encouraged to discuss further enhancements for for the first UL transmission after successful GNSS measurement in RRC connected state in RAN1#116bis.
· Set  
· Set   where  
· The UE may consider TAT has expired and shall perform RACH
· The UE performs RACH with  if “old position - new position > thr", otherwise UE sets  
We share our views on the above issue in the ensuing sections.
2	Resetting  after GNSS reacquisition
Let us use  to denote the updated value after GNSS reacquisition and  as the old value before GNSS reacquisition. 
2.1 	Background on TA update in NTN
Let us revisit the TA formula: 

where NTA is the term in the TA formula that the network adjusts e.g., using a TAC. It is thus this term the network uses to keep the UE’s TA within bounds, e.g., when the UE’s autonomous TA adjustments don’t manage to do this well enough. The UE depends on the accuracy of its estimation of its own position determined by a GNSS measurement when calculating the  term in the TA formula.
There are two main sources of UE transmission timing errors contributing to the total transmission timing error:
1. UE position errors: The UE’s movements between updates (i.e., GNSS reacquisition) of the UE’s position information.
2. Satellite position/common TA errors: The error in the estimation of the serving satellite’s position and the error in the common TA parameters, both caused mainly by the aging of the ephemeris and common TA parameter (i.e., the elapsed time since the associated epoch time).
The network will typically use NTA to compensate for the above errors in UE and satellite’s position.
[bookmark: _Toc163189133]The network will typically use NTA to compensate for errors due to estimation of UE and satellite’s position/common TA: a) UE position error due to movement between GNSS updates, and b) Satellite position error due to estimating the serving satellite’s position and common TA using stale ephemeris/common TA parameters. 
There are diverging views in RAN1 on what the UE should do with NTA in the TA formula when it acquires a new (i.e., more accurate) GNSS position estimate. One view is that the UE should set NTA = 0, while the other view is that the UE should leave NTA as it is. 
On the one hand, updating the UE’s position estimate (and thus updating ) changes the outcome when calculating the TA formula, and thus the current  value cannot be optimal anymore.
[bookmark: _Toc163189134]Reusing the old  value after GNSS reacquisition is not optimal as the UE will update the old  according to its new position estimate.  
On the other hand, when the network adjusts  based on the reception timing of the UE’s transmission, this may be affected by aspects other than the UE’s position, and setting  fails to take these other sources of timing errors into account. 
[bookmark: _Toc163189135]Resetting  after GNSS reacquisition is not optimal as it incorrectly assumes that the previous  value configured by the network was meant to account for only the UE position error.
[bookmark: _Toc163189136]After a successful GNSS reacquisition, neither resetting  nor reusing the old  will result in the correct TA value for uplink transmission.
The UE can calculate the error caused by the UE’s inaccurate position by comparing the values of  based on respectively an old UE position estimate and a new (accurate) UE position estimate obtained after a successful GNSS reacquisition: 

When the UE acquires a new accurate UE position estimate through a GNSS measurement, the error caused by the UE movements is (temporarily) removed. Therefore, a suitable treatment of NTA upon GNSS reacquisition is to remove the value corresponding to the eliminated timing error (due to inaccurate UE position) from the NTA: 
NTA = NTA_old - Terror_UE_position
[bookmark: _Toc163189137]The UE can calculate the timing error due to inaccurate UE position by comparing the values of  based on its previous GNSS position and its new GNSS position after GNSS reacquisition, i.e., .
2.2 	Views on alternative solutions
In this section, we share our views on the alternatives discussed in RAN1#116.
Alt-A: Set .  
It incorrectly assumes that the previous  value configured by the network was meant to account for only the UE position error. However, it may contain timing corrections due to satellite position errors as well. Therefore, after GNSS fix, we should only remove the timing errors due to inaccurate UE position from  which can be calculated by the UE using the old and the new position: .
Alt-A is a special case of Alt-B when , i.e., when the TA command mainly contained corrections due to UE position error, then .

Alt- B: Set  where .
As discussed in Section 2.1, Alt-B can achieve the optimal solution by accounting for the GNSS related UE position error only when calculating the new TA value. Note that the UE position error  is already known to the UE. 
Moreover, Alt-A is a special case of Alt-B when  i.e. when the TA command mainly contained corrections due to UE position error, then .
Therefore, we support Alt-B.
Alt-C: The UE may consider TAT has expired and shall perform RACH
This will mean that the UE will always need to perform PRACH with  after GNSS reacquisition and obtain the new  from the network before (N)PUSCH transmission.  
Alt-D: The UE performs RACH with  if “old position - new position > thr", otherwise UE sets 
Reusing the old  value after GNSS reacquisition is not optimal as the UE will update the oldto according to its new GNSS position estimate. Therefore, we prefer setting   where    
Moreover, Alt-D can be considered jointly with Alt-B. For example, when  exceeds a threshold, then the UE may perform RACH with . Otherwise, it can use   where . 
Therefore, we put forth the following proposal.
[bookmark: _Toc163189149]Select Alt-B: set  where  is the timing error due to inaccurate UE position and can be calculated by comparing  based on the previous GNSS position and  based on new GNSS position after GNSS reacquisition.
3	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	The network will typically use NTA to compensate for errors due to estimation of UE and satellite’s position/common TA: a) UE position error due to movement between GNSS updates, and b) Satellite position error due to estimating the serving satellite’s position and common TA using stale ephemeris/common TA parameters.
Observation 2	Reusing the old  value after GNSS reacquisition is not optimal as the UE will update the old  according to its new position estimate.
Observation 3	Resetting  after GNSS reacquisition is not optimal as it incorrectly assumes that the previous  value configured by the network was meant to account for only the UE position error.
Observation 4	After a successful GNSS reacquisition, neither resetting  nor reusing the old  will result in the correct TA value for uplink transmission.
Observation 5	The UE can calculate the timing error due to inaccurate UE position by comparing the values of  based on its previous GNSS position and its new GNSS position after GNSS reacquisition, i.e., .
			
Based on the discussion in the previous sections we propose the following:

Proposal 1	Select Alt-B: set  where  is the timing error due to inaccurate UE position and can be calculated by comparing  based on the previous GNSS position and  based on new GNSS position after GNSS reacquisition.
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