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[bookmark: _Toc116995841]Introduction
The NTN WI, as presented in [1], includes the following objectives related to NTN deployment in above 10GHz bands. In previous meetings, it became clear that the timing pre-compensation might be an issue for the operation above 10 GHz, as the duration of the cyclic prefix becomes smaller. In the previous meetings, RAN4 has reached agreements on the transmit timing accuracy for scenarios where the UE is “fixed”, but for the scenarios where the UE is “mobile”, there is a tentative agreement in place. The current contribution discuss this tentative agreement, and the issues related to the update of UE autonomous timing compensation. 
Agreements  from RAN4 #110 [3]:
	
[bookmark: _Hlk151008787]Issue 1-6A: Te_NTN for 60kHz and 120kHz in Case2
Agreement: (ad-hoc agreement)
· For 120kHz of UL SCS in case2, the requirements are applicable only if the ephemeris information be refreshed (i.e. update rate of ephemeris information in SIB19) at least every X seconds.
· X= [7] s

Issue 1-6B: Te_NTN for 60kHz and 120kHz in Case3
Agreement:
· For 120kHz of UL SCS in case3, Te_NTN [Ts] is X.
· [10] Ts
· Further discussion on the side condition is not precluded in maintenance part based on contribution driven.





[bookmark: _Toc116995842]Discussion
In the discussions below, unless stated otherwise, the issue number is related to the issue contained in the Way Forward from RAN #110 [2].
Tx Timing Accuracy for Mobile VSAT (Issue 1-6B)
This problem has been thoroughly investigated in our previous contributions. We will revisit some of these aspects while we demonstrate that the current tentative agreement implies in severe feasibility concerns. 
The uncertainty of the UE transmission must be absorbed by the cyclic prefix. The CP duration, , for the normal CP operation, as defined in [3] depends on the SCS: 

Therefore, for UL SCS 120 kHz, the total CP has duration equal to . 
The transmit timing error accuracy is provided in absolute values, as the error might be equally positive (larger timing advance) or negative (smaller timing advance).  Therefore, the receiving system must be prepared to receive one UE with transmit timing error equal to +Te_NTN and another UE with transmit timing error equal to –Te_NTN. In other words, the delay budget reserved to absorb the impact of UE transmit timing inaccuracy is twice as large as Te_NTN. 
The total delay budget is already larger by 2 Ts than the total available CP for 120 kHz. But it is important to observe that the delay spread has yet to be considered on top of the transmit timing error. 
Besides, UEs travelling at high speed will face significant TA development in short periods of time (a few seconds), and depending on their implemented GNSS update rate, it is not possible to keep all the adjustment within the autonomous TA compensation, as the real RTT might be updated significantly between two UE updates, as depicted in Table 1.

[bookmark: _Ref163468599]Table 1. Max Tx timing difference (in Ts)	for different UE speeds and GNSS refresh rate
	UE Speed (km/h)
	GNSS Update Interval (s)
	Max. UE "displacement" between updates (m)
	Max. Tx timing Difference (Ts)

	30
	1
	8,33
	1,71

	30
	5
	41,67
	8,53

	60
	0,5
	8,33
	1,71

	60
	1
	16,67
	3,41

	60
	5
	83,33
	17,07

	120
	0,5
	16,67
	3,41

	120
	1
	33,33
	6,83

	120
	5
	166,67
	34,13



For that, the NW will need to send TA commands between UEs consecutive adjustments. But the accuracy of the timing advance command, when UL SCS is equal to 120 kHz, is 1Ts. Therefore, there might be intrinsic error associated to the TA command. 
[bookmark: _Toc163499374]There might be intrinsic error associated to TA commands, associated to the accuracy available for TA commands. 
That new source of inaccuracy will be added on top of the transmit timing error, causing even more impact to UL synchronization. In conclusion, using 10 Ts as the transmit timing accuracy has some major feasibility concerns. 
[bookmark: _Toc163499375]Adopt 8.5 Ts as the transmit timing accuracy for Mobile VSAT connected to GSO satellites. 
Side conditions for Tx Timing Accuracy for VSAT (Issue 1-6B)
Some companies have argued that because PRACH is more capable to absorb the transmit timing error (larger CP), it can be used to receive the initial transmission by the UE, and issue timing advance commands (the first already in the RAR), in the opposite direction of the transmit timing error, in order to alleviate the transmission error and maintain the UE within the ideal transmission timing for PUSCH and PUCCH.  However, a few considerations need to be made about this solution, and why side conditions are necessary for adopting larger Transmit Timing Error requirements. 


There are  potential issues related to closed-loop time control, as it may not be capable of keeping track of the developing transmit timing error. There are two ways where the transmit timing error develops for the UE, associated to the GNSS inaccuracy:
a) Regular updates on GNSS: 
Each UE has its own GNSS implementation, and currently there are no requirements in how often or at which times a UE shall update its GNSS position. A moving UE would need to update its GNSS position constantly (or interpolate it constantly) to maintain good GNSS compensation. As evidenced by Table 1, withing a very short time duration, the UE might drift away from the ideal timing advance by several Ts. That would cause the network to send several Timing Advance Commands (TAC) for the interval between GNSS updates. 
If a UE updates its TA immediately after a GNSS update, then the UE will suddenly correct for a large timing offset (for example 8,5 Ts for a UE travelling at 60 km/h and updaing GNSS every half-second). But because the network has been maintaining Timing Advance through TACs, most of these 8,5 Ts would have already been corrected by TACs. 
Because the UE is updating the UE autonomous part of the TA, in our example by 8,5 Ts, this will cause a large jump on UE Timing Advance that cannot be handled by the network. 
Another solution would be the use of “one-shot” adjustment. But for that, we have the following considerations:
When one-shot adjustments are performed, according to TS 36.133, the UE shall, after the one-shot adjustment, follow up with the pre-compensation. This means that the same problem persists, it was only delayed by one transmission. 
[bookmark: _Toc163499376]Observation 1: If one-shot adjustments are used, as NTN UEs are not limited to autonomous correction values (Tp and Tq), the problem persists, it is only delayed until after the one-shot. 
Besides, differently from the HST scenario, for which the one-shot adjustment was developed to,  the event causing the adjustment is not known in NTN (in HST the event is the change of access point, whereas in NTN it is a new GNSS fix) by the NW (or by the TE). This means that the  UE could always claim to be in “one-shot” situations, where the requirements were not applicable for a period of time, because it was using the one shot adjustment.  
[bookmark: _Toc163499377]Observation 2:  If one-shot adjustments are used in NTN, it will become difficult to verify UE requirements.

b)  Fixing GNSS imprecisions: 
Between two different, consecutive, updates of GNSS the position of the UE might change significantly not because the UE has been moving, but because the position was initially imprecise and a more precise position has been acquired by the UE in the GNSS fix. That would also cause the UE to move its position suddenly by up to 40 m immediately. 
Although the case a) might be mitigated by UE estimating its own velocity, case b) cannot be prevented by the UE, as the UE doesn’t know whether its current position is precise or not, and the updates in UE position are uncorrelated.  
In these situations where the time series of the GNSS position acquired by the UE develops with potential “sudden jumps” in the UE position that may lead to significant errors when the UE applies the UL timing pre-compensation. This would not allow the “gradual adjustments” in the timing advance performed autonomously by the UE to settle the TA within reasonable accuracy. To prevent such behaviour, we propose the following:
Proposal 3: If the UE updates its GNSS position, and difference between the TA calculated using the new UE position and the previous UE position is above the UL Transmit Timing inaccuracy, UE shall perform a new random access procedure to reacquire the correct transmit timing. 
It should be noted that the intent of the above proposal is not to cause the UE to perform several RA procedures, but to incentivize UEs to maintain a reasonable refresh rate of their GNSS to prevent this situation. 
RRC Re-establishment (Issue 2-4)
Another relevant discussion raised on the requirements for Type 2 UEs regarded the applicability of Re-establishment requirements. The current proposals were left for further discussion in the WF:
	[bookmark: _Hlk147926214]Issue 2-4: RRC Re-establishment
FFS:
· For Type 1 UE, whether to specify RRC Re-establishment for inter-satellite scenario.
· For Type 2 UE, whether to specify RRC Re-establishment for inter-satellite scenario.
· FFS: RRC Re-establishment requirements for intra-satellite scenario are the same as the existing FR1 NTN requirements with Ksatellite = 1.




In short, the difference between the Type 2 and the Type 1 UEs is the long time required by the former to retune its antennas and obtain alignment with the target satellite. 
Assuming that “inter-satellite” RRC Re-establishment would require the type 2 UE to attempt RRC Re-establishment towards both source and target satellite, and that just the mechanical-steering of the beam between both (source and target satellite) might take up to 5-8 seconds, which represents by itself a significant proportion of the timer T311 (which can be configured between 1-30 seconds). Therefore, the total delay for this operation is too long and with potential impacts for RAN2. 
Therefore, it is reasonable to assume that type 2 UEs shall only be required to attempt RRC Re-establishment within the source satellite. However, there is one exceptional scenario. In TS 38.133, clause 6.2C.1.1 states that “RRC connection re-establishment is initiated when a UE in RRC_CONNECTED state on the carrier loses RRC connection due to any of failure cases, including radio link failure, handover failure, and RRC connection reconfiguration failure.”
For a RRC Re-establishment process triggered by a inter-satellite HO failure, the cost of the time and energy cost associated to the mechanical-steering of the UE beam goes in the opposite direction. This happens because the UE is already configured to measure the target cell when the HO failure occurs. In this scenario, it is expected that the RRC Re-establishment attempt is only tried toward the target cell.
Therefore, we propose:
[bookmark: _Toc149680448][bookmark: _Toc163499378]Inter-satellite RRC re-establishment requirement is applicable only when the cause for the RRC re-establishment is an inter-satellite HO failure. Intra-satellite requirements are not applicable in this scenario.
[bookmark: _Toc149680449][bookmark: _Toc163499379]For the other scenarios, RRC re-establishment requirements are only applicable for intra-satellite re-establishments. 


[bookmark: _Toc116995848]Conclusion
In this paper we discussed the Transmit timing accuracy for mobile VSATs and expressed our views in what concerns the maximum allowed timing error and potential side conditions to be used if the requirements needs to be further relaxed from the maximum proposed value. Based on the discussion we have the following set of observations and proposals:
Observation 1: There might be intrinsic error associated to TA commands, associated to the accuracy available for TA commands.
Proposal 1: Adopt 8.5 Ts as the transmit timing accuracy for Mobile VSAT connected to GSO satellites.
Observation 2: Observation 1: If one-shot adjustments are used, as NTN UEs are not limited to autonomous correction values (Tp and Tq), the problem persists, it is only delayed until after the one-shot.
Observation 3: Observation 2:  If one-shot adjustments are used in NTN, it will become difficult to verify UE requirements.
Proposal 2: Inter-satellite RRC re-establishment requirement is applicable only when the cause for the RRC re-establishment is an inter-satellite HO failure. Intra-satellite requirements are not applicable in this scenario.
Proposal 3: For the other scenarios, RRC re-establishment requirements are only applicable for intra-satellite re-establishments.
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