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Introduction
In RAN1#106b-e, the following agreements captured with respect to common timing advance (TA) signaling [3]:


RAN1#106b-e:
Agreement:
Confirm the working assumption:
Common TA may include parameter(s) indicating timing drift.
· The UE will apply common TA according to the parameters provided by the network (if any). No offset between the common TA according to the parameters provided by the network and the actual feeder link RTT is considered when defining UE UL timing error requirements.

Agreement:
Common TA Epoch time is implicitly known as a reference time defined by the starting time of a DL slot and/or frame.
· FFS: Whether this starting time is given by predefined rule or it is indicated by the Network
· Note: “implicitly known” means that UTC is not provided to define the Common TA epoch time.

Agreement:
In NTN, the Network may optionally indicate one or more of the following parameters:
· Common TA , Common TA drift rate and Common TA drift rate variation.
· FFS: Common TA third order derivative.
· FFS: Details of combination of Common TA parameters



The main focus of this contribution is to address the FFS bullets in the above mentioned agreements. 
Discussion
In our previous contribution [4], we provided simulation results for the signaling of common TA in NTN taking into account the signaling of three parameters namely, the common TA drift rate, the common TA 2nd order drift rate, and common TA 3rd order drift rate. The summary of the simulation results are presented below. For all simulation results, we considered maximum elevation angle of 90 and minimum elevation angle of 10 degrees [1]-[2]. Two sample scenarios are considered for SIB update rate, i.e., 5 second and 28 second. The simulation results summary are provided in the following tables. Every entry in the table shows the maximum estimation error. 

Table 1 - SIB update rate 5 [s]
	Scenario / SIB update
	CommonTA drift rate 
	2nd order drift rate
	3rd order drift rate

	LEO 600 / 5 [s] 
	 [µs]
	 [µs]
	[µs]

	LEO 1200 / 5 [s]
	[µs]
	 [µs]
	  [µs]


 
Table 2 - SIB update rate 28 [s]
	Scenario / SIB update
	Delay drift rate 
	2nd order drift rate
	3rd order drift rate

	LEO 600 / 28 [s] 
	 [µs]
	 [µs]
	[µs]

	LEO 1200 / 28 [s]
	[µs]
	 [µs]
	  [µs]



Observation 1: Signaling the 3rd order drift rate parameter improves the common TA estimation at the UE side substantially.
Proposal 1: Network may optionally indicate the common TA 3rd order derivative parameter. 

After providing the common TA parameters to the UE by the network, the UE can calculate the common TA, denote by  at time  as follows
, 
where 
·  is a reference time for calculation of common TA, e.g. an implicit epoch time. 
·  is the value of common TA at reference time.  
·  is the value of common TA drift.
·  is the value of common TA 2nd order drift.
·  is the value of common TA 3rd order drift. 

Proposal 2: NTN UE calculates the common TA according to the common TA broadcast parameters describing a polynomial function given by 
, 
where 
·  is a reference time for calculation of common TA, e.g. an implicit epoch time. 
·  is the value of common TA at reference time.  
·  is the value of common TA drift.
·  is the value of common TA 2nd order drift.
·  is the value of common TA 3rd order drift.
Furthermore, it can be observed from the equation above that common TA epoch time can be implicitly signaled and set to be the DL slot where common TA parameters broadcast to the UE. 
Proposal 3: RAN1 to consider the DL slot where the common TA parameters broadcast to the NTN UE as the common TA epoch time. 

Conclusions 
Observation 1: Signaling the 3rd order drift rate parameter improves the common TA estimation at the UE side substantially.
Proposal 1: Network may optionally indicate the common TA 3rd order derivative parameter. 
Proposal 2: NTN UE calculates the common TA according to the common TA broadcast parameters describing a polynomial function given by 
, 
where 
·  is a reference time for calculation of common TA, e.g. an implicit epoch time. 
·  is the value of common TA at reference time.  
·  is the value of common TA drift.
·  is the value of common TA 2nd order drift.
·  is the value of common TA 3rd order drift.

Proposal 3: RAN1 to consider the DL slot where the common TA parameters broadcast to the NTN UE as the common TA epoch time. 
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