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1.	Introduction
We provide analyses on uplink timing error requirements taking into account time varying UL/DL timing relation between UE and uplink timing synchronization reference point. Based on the presented analyses, observations and proposals are provided for the following requirements.
· Reference point for UE UL timing accuracy measurement
· TA Adjustment Accuracy
· Gradual Timing Adjustment and Double Correction
2. 	Discussion
Reference point for UE UL timing accuracy measurement
In NTN, as opposed to TN, frame boundary keeps changing over time unless it is GEO. Therefore, UE has to predict downlink slot/frame boundary based on UE location and NW assistance information such as satellite Ephemeris information and feeder link time drift information before transmitting UL signals/channels. In order to define UE requirements on uplink transmission timing accuracy, a specific reference timing of the propagation delay derivation shall be precisely defined because it is not fixed and will change the amount of measured timing error. Besides, for the propagation delay derivation, satellite mobility should be modeled based on a specific algorithm.
The time varying timing relation between UE and uplink timing synchronization reference point is illustrated in Fig 1 and Fig 2. As can be seen from the diagrams, UE DL reception timing keeps changing. And according to the technical report of NTN (TR38.821), maximum delay variation for LEO 600km can be up to 0.8 µs/20msec, which means the change from T0 to T4 can be more than CP, therefore, UE has to predict a reference DL reception timing, corresponding to UL slot index where UE transmits the UL signal/channel, based on UE location, Ephemeris information, and Timing drift information. For the prediction, a UE will use a specific propagation model which will be eventually also part of UL timing accuracy requirements. However, when UE timing accuracy is measured, any inaccuracy in Ephemeris information provided by serving cell should not be part of UE requirements.
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Fig 1. Reference system model of timing relation between UE and UL timing synchronization reference point in NTN
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Fig 2. Timing Relation between UE DL Reception and UE UL Transmission

Based on the diagrams above, we propose a time reference for UE UL transmit timing accuracy measurement. The reference time shall not include inaccuracy of Ephemeris information, i.e. satellite positions needed to derive the time reference should not be based on true satellite positions but projected based on the provided Ephemeris and a propagation model. For the propagation model, it should be more accurate than a reference model which is one of the most accurate models that can be used by real UEs so that UE using an accurate model is not penalized.

Proposal 1: A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a propagation model more accurate than a reference propagation model (gravity model)
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a propagation model more accurate than a reference propagation model (gravity model)
· An independent/separate UE requirement on propagation model will be specified. The requirement on UE propagation model should be more accurate than a reference propagation model (gravity model)
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.

TA Adjustment Accuracy
When UE applies the received TAC (close-loop TA) to the subsequent UL transmissions, UE autonomous TA pre-compensation (open-loop TA) can be additionally applied. Therefore, in the legacy requirement verification mechanism there can be an uncertainty on the accuracy requirement on TA adjustment in response to MAC.
Table 2 shows the increase in the error margin when 5m of UE position estimation error in a static environment is taken into account in the requirement relaxation to resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation. 

Table 1. An analysis of TA adjustment requirement relaxation when 50m of 2D UE position estimation error and α = 10deg are assumed
	current TA adjustment error requirement
	5m UE position error
	Total TA adjustment margin
	increase

	SCS
	Tc
	us
	us
	us
	Tc
	%

	15
	256
	0.130208
	0.0328
	0.163035
	320.54
	25%

	30
	256
	0.130208
	0.0328
	0.163035
	320.54
	25%



Proposal 2: NTN TA adjustment accuracy requirement should be the same as the current TA adjustment requirements with the following modifications:
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
· The requirement applies only to a stationary UE.

Gradual Timing Adjustment and Double Correction
In the previous RAN4 e-meeting, it was agreed to down select one between the following two options.

· 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

For the option 1, it is the simplest and most straightforward way of resolving the issue although it indirectly mandates GNSS fix read at a high rate and a precise UE position prediction. The approach may be burden to UE in terms of complexity and power consumption, however, as illustrated in Fig 1 and Fig 2, considering UE will anyway have to run processes to predict DL reception time we don’t think this will add complexity that much. For this approach, we think it would be more realistic if a margin is added to the agreed NTN initial UL timing accuracy requirement to accommodate UE location prediction error. For example, to avoid too frequent GNSS fix reading, UE may want to predict its position based on the previously obtained UE location vectors from GNSS fix readings. With this implementation, we may need to consider relaxing UL timing accuracy requirements for UL transmissions not the first transmission in a DRX cycle or DRX is not in use. In our analysis, there are still remaining margin between timing error budget that should be ensured for NW demodulation and the agreed UL initial timing accuracy requirements. The margin can be determined in a similar way as Proposal 2, i.e. the timing accuracy requirements can be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m).

For the option 2, the requirement can be formulated in the following framework.
· In connected mode , when UE specific TA calculated based on the UE location corresponds to the last applied UE specific TA  differs from the UE specific TA calculated based on most recent GNSS fix by more than x1 ,  i.e., |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1, where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location, UE is required to adjust the UE location when calculating the UE specific TA such that the applied UE-specific TA is closer to the TA calculated using the most recent GNSS fix than using GNSS_c. The adjustment made to UE specific TA due to UE location adjustments shall satisfy the following conditions:
· the maximum amount of UE specific TA change of one adjustment due to UE location update shall be y, i.e, |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2.
· the minimum aggregate adjustment rate shall be x3 per T1 seconds.
· the maximum aggregate adjustment rate shall be x4 per T2 seconds.
· FFS the values of x1, x2, x3, x4, T1 and T2.
The approach may look less burden to UE, however, it will be up to how x1, x2, x3, x4, T1 and T2 are defined.

Proposal 3: RAN4 to down select one between the following two options.
· Option 1) 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. And add a margin to the NTN UE initial timing accuracy requirement for UL transmissions not the first transmission in a DRX cycle or DRX is not in use. The margin can be, e.g. [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m).
· Option 2) introduce the following requirement and values of x1, x2, x3, x4, T1 and T2 are FFS:
· In connected mode , when UE specific TA calculated based on the UE location corresponds to the last applied UE specific TA  differs from the UE specific TA calculated based on most recent GNSS fix by more than x1 ,  i.e., |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1, where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location, UE is required to adjust the UE location when calculating the UE specific TA such that the applied UE-specific TA is closer to the TA calculated using the most recent GNSS fix than using GNSS_c. The adjustment made to UE specific TA due to UE location adjustments shall satisfy the following conditions:
· the maximum amount of UE specific TA change of one adjustment due to UE location update shall be y, i.e, |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2.
· the minimum aggregate adjustment rate shall be x3 per T1 seconds.
· the maximum aggregate adjustment rate shall be x4 per T2 seconds.

3.	Conclusion
Observations and Proposals are summarized below:
Reference point for UE UL timing accuracy measurement
Proposal 1: A time reference for the UL transmit timing requirement is the downlink timing of the reference cell minus (N_TA + N_{TA,UE-specific} +N_{TA,common} + N_{TA,offset}) x T_c where
· Reference timing of downlink is the DL slot corresponding to UL slot index where UE transmits the UL signal/channel.
· Reference timing of N_{TA,UE-specific} is
· for S3, the slot when the UL transmission is supposed to arrive at the target satellite based on provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a propagation model more accurate than a reference propagation model (gravity model)
· for S4, the slot when the DL transmission corresponding to the reference timing of downlink is supposed to arrive at the target satellite based on actual received time of the slot and provided valid ephemeris information (no error in the provided ephemeris information will account for UE error) and a propagation model more accurate than a reference propagation model (gravity model)
· An independent/separate UE requirement on propagation model will be specified. The requirement on UE propagation model should be more accurate than a reference propagation model (gravity model)
· Reference timing for N_{TA,common}, F3+F4, is derived according to N_{TA, common} related parameters broadcasted within a validity duration.
· Note that downlink frame boundary should also be adjusted according to open-loop TA control related parameters provided by serving cell.
TA Adjustment Accuracy
Proposal 2: NTN TA adjustment accuracy requirement should be the same as the current TA adjustment requirements with the following modifications:
· UE autonomous TA adjustment due to updates of UE position estimation, satellite position prediction, and feeder link time drift shall be excluded from the definition of TA adjustment error in response to TAC, i.e. “a relative accuracy to the signalled timing advance value compared to the timing of preceding uplink transmission” shall be modified to not include UE autonomous TA update due to satellite position update and N_{TA,common} update.
· To resolve the uncertainty on the amount of additional TA adjustment due to UE position estimation, TA adjustment error margin shall be extended by [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m)
· The requirement applies only to a stationary UE.
Gradual Timing Adjustment and Double Correction
Proposal 3: RAN4 to down select one between the following two options.
· Option 1) 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. And add a margin to the NTN UE initial timing accuracy requirement for UL transmissions not the first transmission in a DRX cycle or DRX is not in use. The margin can be, e.g. [10]% of the effective UE position estimation error that is assumed for the derivation of UE initial transmission timing error (50m).
· Option 2) introduce the following requirement and values of x1, x2, x3, x4, T1 and T2 are FFS:
· In connected mode , when UE specific TA calculated based on the UE location corresponds to the last applied UE specific TA  differs from the UE specific TA calculated based on most recent GNSS fix by more than x1 ,  i.e., |TA_ue(GNSS_f, sat_current)-TA_ue(GNSS_c, sat_current)|>x1, where GNSS_f is the most recent GNSS fix, GNSS_c is the UE location corresponding to  the last applied UE specific TA, and sat_current is the current satellite location, UE is required to adjust the UE location when calculating the UE specific TA such that the applied UE-specific TA is closer to the TA calculated using the most recent GNSS fix than using GNSS_c. The adjustment made to UE specific TA due to UE location adjustments shall satisfy the following conditions:
· the maximum amount of UE specific TA change of one adjustment due to UE location update shall be y, i.e, |TA_ue_applied-TA_ue(GNSS_c, sat_current)|<x2.
· the minimum aggregate adjustment rate shall be x3 per T1 seconds.
· the maximum aggregate adjustment rate shall be x4 per T2 seconds.
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