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Introduction
[bookmark: _Ref481671177]In this paper, NTN RRM timing requirements are discussed, including the gradual timing adjustment requirements.  
NTN UE gradual timing adjustment requirements
The principles for defining gradual timing adjustment requirement was discussed in WF [1]. · 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.


Regarding the feeder link delay, RAN2 assumes the feeder link delay is known to and compensated by the network in the incoming LS [3]. 
RAN2 has agreed the assumption that feeder link delay is known to and compensated by the network. The network can compensate feeder link delay to configure SMTCs to UEs in the connected mode.
Thus, RAN4 could follow the same principle as a starting point to define requirements. 
[bookmark: _Ref95668196]Observation 1: RAN2 assumes the feeder link delay is known to and compensated by the network. 
[bookmark: _Ref95668223]Proposal 1: RAN4 assumes the feeder link delay is known to and compensated by the network when defining the requirements. 
Regarding the graduate timing adjustment requirement, one concern was on the UE GNSS fix occasions. If the NTN UE initial timing accuracy requirement applies to all UL transmissions, the UE may need to update GNSS frequently. If we assume UE mobility is 60 km/hr, then the delay drifting due to the UE position change would be up to (60*10^3 / 3600) / c = 55.6 ns / sec = 1.7*Ts / sec, which is less than 10% of Te_NTN. Thus, the impact due to UE position change is limited.
[bookmark: _Ref95668200]Observation 2: For the UE with speed of 60 km/hr, the delay drifting caused by the change of UE position is 55.6 ns / sec, which is less than 10% of Te_NTN per second. 

On Option 1, another motivation would be the path changing due to clouds/mists. In our view, this can be handled by the close-loop TA through TA command, regardless whether graduate timing adjustment requirement is applied or not. 
For example, if the timing is delayed by Δt in one-way due to the path change, UE could follow the previous DL timing and sends UL (NTA+NTA,UE-specific+NTA,common+NTA,offset ) x Tc before the previous downlink timing, and the network will see Δt delay and configured the corresponding TAC to pull UE by Δt. However, with the graduate timing adjustment, UE will adjust UL timing toward the delayed DL timing, and it will end up to 2 x Δt at network and TAC is still required and the larger TAC will be required. 
[bookmark: _Ref95753580]Observation 3: The timing change due to the path changing can be handled by TA command, regardless whether graduate timing adjustment requirement is applied or not. 

Besides, for Option 1, it will need clear definition on updated UE specific TA, which was agreed in RAN4#101e, as 
· Issue 2-2-10: The clarification on reference time.
· Agreement:
· Reuse the RAN1 definition of  for RAN4 requirement, i.e.,  is UE self-estimated TA to pre-compensate for the service link delay.
In our understanding, to compensate the service link delay, if the one way delay is increased by Δt, then the UE is required to compensate 2 x Δt. Thus, if we assume @ t1 the DL timing is delayed by Δt, then the updated NTA+NTA,UE-specific(t1) will be NTA+NTA,UE-specific(t0)+ 2*Δt, and it is equivalent to perform the UL timing pre-compensation of  2*Δt gradually. 
 
UL timing @ t0: 
· DL timing (t0) - (NTA+NTA,UE-specific(t0)+NTA,common+NTA,offset ) x Tc
UL timing @ T1
· DL timing (t1) - (NTA+NTA,UE-specific(t1)+NTA,common+NTA,offset ) x Tc
  = DL timing (t0) + Δt - (NTA+NTA,UE-specific(t0)+ 2*Δt +NTA,common+NTA,offset ) x Tc

An illustration is provided in the Figure 1. The one-way propagation delay (Td) @ t0 is Td (t0), and Td(t1) = Td(t0)+ Δt, and the t0’ denotes the time point the network receives the UL transmission transmitted by the UE @ t0, i.e. t0’ = t0 + one-way propagation delay, which is irrelevant to this DL timing change discussion.  

[image: ]
Figure 1. The propagation delay and the satellite’s location change.

And the corresponding DL timing and the UL timing @ t1 can be shown in the Figure 2. It can be observed that, when UE is directly applying the NTA,UE-specific without gradual timing adjustment (as Option 2), then the network/satellite will not see the big timing change due updated UE specific TA, because it will be absorbed by the increased propagation delay. 
[image: ]
Figure 2. DL timing and the UL timing @ t1 without gradual timing adjustment

[bookmark: _Ref95777470]Observation 4: The network will not see the big timing change due updated UE specific TA, and thus it is unclear why UE is required to adjust UL timing gradually towards the updated UE specific TA. 

In addition, our concern on Option 1 is that the increase of Tq/Tp may imply the DL timing jumping is also increased. However, if the increased DL timing jump is not predictable (e.g. beyond the change of the satellite’s position, which is predicable), then UE would not be able to detect the unexpected big DL timing jumping, while UE can handle the big timing jump which is predicable. 
[bookmark: _Ref95753587]Observation 5: It is risky to directly increase Tp/Tq a lot, because UE would not be able to detect unexpected big DL timing jumping.  

Therefore, we support Option 2 because it is more efficient and straightforward in our view.  
[bookmark: _Ref95753592]Proposal 2: 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.
Conclusion
In this contribution, we summarize issues and discuss impact on specifications for solutions for the NTN gradual timing adjustment requirements. 
Observation 1: RAN2 assumes the feeder link delay is known to and compensated by the network.
Proposal 1: RAN4 assumes the feeder link delay is known to and compensated by the network when defining the requirements.
Observation 2: For the UE with speed of 60 km/hr, the delay drifting caused by the change of UE position is 55.6 ns / sec, which is less than 10% of Te_NTN per second.
Observation 3: The timing change due to the path changing can be handled by TA command, regardless whether graduate timing adjustment requirement is applied or not.
Observation 4: The network will not see the big timing change due updated UE specific TA, and thus it is unclear why UE is required to adjust UL timing gradually towards the updated UE specific TA.
Observation 5: It is risky to directly increase Tp/Tq a lot, because UE would not be able to detect unexpected big DL timing jumping.
[bookmark: _GoBack]Proposal 2: 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. 
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