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Introduction
NTN UE timing requirements have had good progress thanks to the constructive discussions in the past RAN4 meetings. In the last meeting, RAN4 received an LS [1] from RAN1 asking about a problem which is due to UE using outdated location information, a ‘double correction problem’ it is called. RAN4 replied the LS in [2] to provide RAN1 with a quick catch of the issue from RAN4 perspective. It is still pending RAN4 further discussion that how exactly the requirements are specified so that the issue is addressed completely.
RAN4 also is supposed to continue discussion on a set of requirements which guarantee the performance of the whole system timing design. A WF [3] captures the agreements from the last meeting and the remaining open issues.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this paper we analyze the double correction problem and provide our thoughts about how to specify the corresponding requirements so that the problem is properly addressed. In our view, this problem is one of the symbolic and essential issues which shape the characteristics of NR NTN system timing operations.
Discussion
As per the RAN1#104-bis-e Agreement specifying the Timing Advance applied by an NR NTN UE, it is assumed that an NTN UE always add the accumulated TA command and UE autonomous TA. 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. In the RAN1 LS [1], the problem is identified as a ‘double correction’ problem. The detailed information in the LS and the question to RAN4 is copied in the below box.
	As part of the WI NR-NTN-solution, under agenda item 8.4.2, RAN1 discussed the issue related to combination of open and closed loop TA control. 
As per the RAN1#104-bis-e Agreement specifying the Timing Advance applied by an NR NTN UE, it is assumed that an NTN UE always add the accumulated TA command and UE autonomous TA. 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). 
In light of the new open-loop TA control mechanism defined for NTN, RAN1 identified the following question:

Question 1: Considering the new open-loop TA control for NTN, will the requirement of  gradual timing adjustment as defined in R4-2115347 apply and, if applies, what’s the reference timing in the requirement?



In the RAN4 reply LS, two options are provided initially to RAN1: 
	RAN4 has reached an agreement that RAN4 defines a requirement to ensure the impact on NTN UE UL timing accuracy due to “double-correction” issue is properly addressed. There are the following two alternatives for further discussion.

· Option 1:
· RAN4 to 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.
· Option 2:
· RAN4 to define a requirement based on the framework of gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
· FFS on whether the requirement regulating “double-correction” issue would be a stand-alone requirement
· FFS on whether and how to incorporate the current gradual timing adjustment defined in 7.1.2.1 of TS38.133
· FFS on whether and how to incorporate UE specific change due to satellite position change and feeder link delay change
· FFS on the detailed requirement values and the definition of reference time in terms of UL timing error measurement



It is observed that a UE may use old open loop TA control parameters which leads to TA error. The key observation here is that when the mobility is rather high for the satellite/UE, outdated information of the service link leads to outdated UE specific TA estimation. To address this problem, we need to firstly guarantee that the UE is always following the DL timing and updates UE specific TA, both with a reasonable frequency to guarantee the performance of the systematic timing operations. This aligns perfectly with our view in the past meetings that though we may not need to specify how frequently the UE needs to perform the update, we need to at least capture in the spec that the UE shall have capability to follow the frame timing change of the reference cell and to correctly estimate and update the UE specific TA value.
Proposal 1: Capture the description in TS38.133: The UE shall have capability to follow the frame timing change of the reference cell and to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information in connected state.
In our understanding the reason not to have the specified UE behaviour on UE specific TA estimation is to allow different UE implementation and this reason is exactly also applied to why not to go with option 1 in the reply LS. In addition, originally, we have the description in the spec to also regulate for the other transmissions than the initial ones in TS 38.133 clause 7.1.2:
When it is not the first transmission in a DRX cycle or there is no DRX cycle, and when it is the transmission for
PUCCH, PUSCH and SRS transmission, the UE shall be capable of changing the transmission timing according to the
received downlink frame of the reference cell except when the timing advance in clause 7.3 is applied.
The reason we had not specify the exact allowed error for each of the above-mentioned UL transmission is according to the idea that as long as the UE meets all the other timing requirements, we are obliged to not going into the detailed implementation. This aligns well also with our proposal 1.
To further throw light upon the ‘double correction issue’, we present the below illustration of the UE TA application for NTN system.









Figure 1 UE TA application for NTN system

To explain a little bit on the above illustration, we add a few insights for group discussion:
· The propagation change of the feeder link is handled by the network and it should be reflected in ‘network configured TA change’ including k_mac, so we assumed no change in propagation of feeder link
· At T2, the UE should have applied the orange volume instead of the outdated yellow one, had it updated the location information correctly
· At T1, if we assume correct UE estimation and correct network configuration, UE TA application error is the only cause to uplink timing error at BS receiver
In the legacy spec, in addition to the mentioned descriptions, gradual timing adjustment requirements also guarantee the non-initial UL transmissions in general. Thus, specifying gradual timing adjustment requirements for UE specific TA estimation and update is crucial. We support option 2 in the reply LS from RAN4 in the last meeting.
For a Rel-15 UE, in addition to Te requirements, timing adjustment requirements require it to gradually adjust its timing when there is DL timing difference observed at the UE. See the below elaboration from TS 38.133.
	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.


The reason to apply gradual timing adjustment is to counter the sudden DL timing change due to something like instant blockage of the best propagation. The minimum aggregate adjustment rate requires the UE to at least adjust its timing with Tp in every second and the maximum aggregate adjustment rate requires the UE to at most adjust its timing with Tq in every 200ms.
For an NTN UE, similar requirements should apply to UE specific TA estimation and update. This is because the UE specific TA estimation is based on UE GNSS and satellite ephemeris which both impose possible sudden transitions. Thus, the UE is required to estimate and update its specific TA and adjust its timing gradually with certain minimum and maximum aggregate adjustment rate requirements.
Proposal 2: RAN4 is to define a requirement based on the framework of gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
Proposal 3:  Specify a set of stand-alone requirements where an NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
Conclusions
In this paper we analyze the double correction problem and provide our thoughts about how to specify the corresponding requirements so that the problem is properly addressed. In our view, this problem is one of the symbolic and essential issues which shape the characteristics of NR NTN system timing operations.
Proposal 1: Capture the description in TS38.133: The UE shall have capability to follow the frame timing change of the reference cell and to correctly estimate and update the UE specific TA value in every certain periodicity, based on its GNSS positions and satellite ephemeris information in connected state.
Proposal 2: RAN4 is to define a requirement based on the framework of gradual timing adjustment accuracy requirement, e.g. the requirement regulates the maximum amount of UE specific TA change of shot adjustment due to UE position change, the minimum and maximum aggregate adjustment rates.
Proposal 3:  Specify a set of stand-alone requirements where an NTN UE is required to adjust its UL timing towards updated UE specific TA gradually, according to minimum and maximum aggregate adjustment rate requirements.
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