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[bookmark: clause4][bookmark: _Toc2086441]1	Introduction
In RAN4#101-e a WF was approved [1]. We analyze the questions in the WF and continue to discuss timing requirements for NTN WI.
2	Discussion
In the approved WF, it is stated [1]:
	3.3 WF on Double correction issue related to combination of open and closed loop TA control
· Issue 2-3-1: Double correction issue related to combination of open and closed loop TA control.
· Option 1: 
· Double correction issue can be addressed by defining NTN UE initial timing accuracy requirement for all UL transmissions.
· Option 2: 
· Double correction issue can be addressed under the framework of gradual timing adjustment accuracy requirement.




	3.4		WF on gradual timing adjustment requirements
· Issue 2-4-1: The principles for defining gradual timing adjustment requirement
· Option1: 
· Whether and how to relax the gradual timing adjustment requirement accordingly to accommodate the timing change/drift, i.e. updating Tq, Tp, and/or the rate
· FFS on the propagation delay drift for service link and feeder link.
· NTN UE is required to adjust its UL timing towards updated UE specific TA and DL timing gradually, according to minimum and maximum aggregate adjustment rate requirements
· Option 2: 
· Not define gradual timing adjustment requirement for NTN UE;
· Replace gradual timing adjustment requirement with NTN UE initial timing accuracy requirement, i.e. NTN UE initial timing accuracy requirement applies to all UL transmissions.
· Issue 2-4-2: UE behaviour for gradual timing adjustment for NTN UE.
· Option 1: 
· UE performs timing adjustment for downlink reception timing drifting and UE specific TA change separately.
· Option 2: 
· UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· Option 3: 
· For GEO, UE performs timing adjustment with combining downlink reception timing drifting and UE specific TA change as one adjustment.
· For LEO, UE performs timing adjustment with combining downlink reception timing drifting, common TA change and UE specific TA change as one adjustment.
· Issue 2-4-3: Whether define different gradual timing adjustment requirements for different NTN topologies e.g. GEO, MEO, LEO
· Agreement
· RAN4 defines the same gradual timing adjustment requirements for different NTN topologies, if defined.
· Issue 2-4-4: Whether the maximum delay variation for the round trip delay should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: 
· No
· Issue 2-4-5: Whether the feeder link time drift should be considered in the gradual timing adjustment requirement in NTN?
· Option 1: 
· Yes
· Option 2: 
· No
...



There is also an LS in from RAN1 regarding the issue of Combination of open and closed loop TA control in NTN [2]:
	
...
However, double TA adjustment may happen when the parameters that affect open loop control (including at least common TA, ephemeris, and GNSS position) are updated. 
Specifically, a UE may use old open loop TA control parameters which leads to TA error. This TA error is already corrected by closed loop TA control. When the UE updates open loop TA control parameters, it actually corrects this TA error one more time (since this TA error is already corrected by closed loop TA control). 
...



2.1	Gradual timing adjustment requirement
We need to consider the TA mechanism, as currently discussed in RAN1: 
	Agreement RAN1#104-bis-e:
The Timing Advance applied by an NR NTN UE in RRC_IDLE/INACTIVE and RRC_CONNECTED is given by:
Where:
·   is defined as 0 for PRACH and updated based on TA Command field in msg2/msgB and MAC CE TA command. 
· FFS: details of NTA update/accumulation.
·   is UE self-estimated TA to pre-compensate for the service link delay.
·  is network-controlled common TA, and may include any timing offset considered necessary by the network.
·  with value of 0 is supported. 
· FFS:  details of signaling including granularity.   
·  is a fixed offset used to calculate the timing advance.

Note-1: Definition of  is different from that in RAN1#103-e agreement. 
Note-2: UE might not assume that the RTT between UE and gNB is equal to the calculated TA for Msg1/Msg A.
Note-3:  is the common timing offset X as agreed in RAN1 #103-e.



One way to develop gradual timing adjustment requirement is to consider the different terms. The main adaptation to the dynamics of the satellite orbit is the open loop TA control which corresponds to the sum:

If the gNB RX demodulation performance or the gNB UL timing needs adjustment, the legacy closed loop can be used by the gNB to issue TAC to do further adjustment in addition to the open loop TA control, rather slowly. The closed loop TA control terms corresponds to the sum:

The closed loop terms  already have requirements in existing legacy specification, TS 38.133. 
7.1.2.1	Gradual timing adjustment
Requirements in this section shall apply regardless of whether the reference cell is on a carrier frequency subject to CCA or not. 
When the transmission timing error between the UE and the reference timing exceeds Te then the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change in one adjustment shall be Tq.
2)	The minimum aggregate adjustment rate shall be Tp per second.
3)	The maximum aggregate adjustment rate shall be Tq per 200 ms.
	where the maximum autonomous time adjustment step Tq and the aggregate adjustment rate Tp are specified in Table 7.1.2.1-1.
Table 7.1.2.1-1: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (kHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211 [6]



[bookmark: _Hlk90976712]Observation 1: The closed loop terms  already have requirements in existing legacy specification, TS 38.133. 

Proposal 1: Keep existing gradual timing adjustment requirements for the closed loop terms .

The open loop  uncertainty is dominated by the RTT dynamics of the (LEO) orbit and UE GNSS positioning uncertainty. The best we can do is to put limits based on the characteristics of at least the UE GNSS positioning accuracy part.
All adjustments made to the UE uplink timing, for  shall follow this rule:
1)	The UE GNSS position accuracy is 50 meters from true position.
The condition, (1), originates from the UE GNSS position accuracy requirement. 
[bookmark: _Hlk95466827]Observation 2: The best we can do is to put limits based on the characteristics of at least the UE GNSS positioning accuracy part, for .
If we allow ±50 m of UE GNSS position deviation from true position then than would bean a worst case jump in position estimation of 2*50 m = 100 m. For N_TA_UE_Specific, this corresponds to 2*100 / 3e8 s ≈ 0,67 µs ≈ 20,5 Ts. This is more than a TA-step of 16 Ts for SCS = 15 kHz, but less than CP = 144 Ts ≈ 4,7 µs. Moreover, during dimensioning of Te_NTN it has already been shown that two UE with opposite 50 meter error and a LOS channel with 0.24 µs dispersion fits within CP for both SCS = 15 kHz and SCS = 30 kHz (but not SDCS = 60 kHz).
Observation 3: If we get a dual compensation error and UE complies to a positioning error of 50 meters, then a dual compensation can be absorbed by CP.
Proposal 2: 
All adjustments made to the UE uplink timing, for  shall follow these rules:
1)	The UE GNSS position accuracy is 50 meters from true position.
3	Summary
Observation 1: The closed loop terms  already have requirements in existing legacy specification, TS 38.133. 

Proposal 1: Keep existing gradual timing adjustment requirements for the closed loop terms .

Observation 2: The best we can do is to put limits based on the characteristics of at least the UE GNSS positioning accuracy part, for .
Observation 3: If we get a dual compensation error and UE complies to a positioning error of 50 meters, then a dual compensation can be absorbed by CP.
Proposal 2: 
All adjustments made to the UE uplink timing, for  shall follow this rule:
1)	The UE GNSS position accuracy is 50 meters from true position.
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