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Introduction
Based on the agreements in [1], we provide discussion on how to define UE transmit timing requirements for NTN.
Discussion
[bookmark: OLE_LINK186][bookmark: OLE_LINK232][bookmark: OLE_LINK233][bookmark: OLE_LINK665][bookmark: OLE_LINK666][bookmark: OLE_LINK667]Based on RAN1’s agreements, the timing relationship between uplink and downlink for NTN UEs can be shown in Figure 1.
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Figure 1: Timing relationship between uplink and downlink for NTN
The timing advance between the uplink and downlink consist of four inputs. The definitions of NTA and NTA,offset are the same as that in TN network. NTA,UE-specific is UE self-estimated TA and NTA,common is network-controlled common TA.
UE initial transmit timing error
In RAN4#99-e meeting, RAN4 discussed the composited to be considered into UE initial transmit timing error requirements. Since RAN4 agreed that UE specific TA estimation accuracy is accounted into UE transmit timing accuracy, the initial transmit timing error shall include downlink timing estimation error and UE specific TA estimation error. The current UE initial transmit timing error requirements for TN are derived according to the downlink timing estimation error. Hence, the UE initial transmit timing error requirements for NTN can be derived by the current UE initial transmit timing error requirements with adding the UE specific TA estimation error. UE specific TA is derived from the propagation delay between serving satellite and UE. So, the UE specific TA estimation error includes serving satellite positioning error and UE positioning error. UE estimates serving satellite position based on the satellite ephemeris parameters broadcasted by network. UE positioning error is related to GNSS positioning accuracy. The assumed GNSS positioning accuracy for deriving the UE specific TA estimation error has been discussed in RAN4. The A-GNSS positioning requirements defined in TS36.171 can be used as a reference. In TS36.171, it can be observed that the GNSS positioning error requirements will be different for different scenarios. The A-GNSS positioning error in difference scenarios can be summarized as Table 1.
	Scenario Type
	Weak satellite signal conditions
	Ideal conditions
	Satellites with rather different signal levels
	Multi-path Scenario
	Moving scenario with periodic update

	Position Error
	100 m
	15 m
	100 m
	100 m
	50 m


The required GNSS position error is defined as 100 meters for the worst conditions (e.g. weak satellite signals) and 15 meters for ideal conditions. The purpose of moving scenario with periodic update is to verify the tracking capabilities of an A-GNSS receiver in changing UE speed and direction. The moving scenario imitates urban streets. So, we suggest that the GNSS position error in moving scenario with periodic update can be used for deriving the initial transmit timing error for NTN networks.
Proposal 1: The GNSS positioning error assumed for initial transmit timing error requirements is suggested to be within 50 meters, under the corresponding conditions as defined in Table 6.17 in TS36.171.
The propagation delay error corresponding to 50 meters GNSS positioning error is 5Ts. The UE specific TA is applied to compensate the round trip delay of service link which is twice of the propagation delay. Accordingly, the UE specific TA estimation error is twice of the propagation delay error and would be 10Ts. Hence, the initial transmit timing error for NTN networks can be defined as (Te+10Ts), where Te is the current initial transmit timing error for legacy networks.
Proposal 2: The UE initial transmit timing error Te_NTN for NTN network can be defined as (Te + 10Ts), where Te is as same as the existing Te requirements in TS38.133.
Gradual timing adjustment 
RAN4 agreed that new gradual timing adjustment requirements need to be introduced for NTN network. The maximum and minimum aggregate adjustment rates need to be specified. How to define the aggregate adjustment rates Tp and Tq depends on the downlink reception timing drifting rate and the UE specific TA updating rate. When the UE or the serving satellite moves, the propagation delay between the serving satellite and the UE changes accordingly. If the propagation delay is increased by ΔTprop, then the downlink timing drift will be ΔTprop and the UE specific TA will be increased by 2ΔTprop. Hence, the aggregate adjustment rate is related to the propagation delay variation. For GEO based NTN network, the satellite is stationary relative to the earth, and the mobility action by the network results from UE movement. For MEO or LEO based NTN network, the satellite may move due to their orbital movement, and the mobility action by the network results from the combination of satellite movement and UE movement. So, the propagation delay variation rate between the serving satellite and the UE could be different in different NTN topologies e.g. GEO, MEO, LEO. In RAN4, whether to define different gradual timing adjustment requirements for different NTN topologies. The UE with GNSS capability usually would not be limited in GEO topology or limited in non-GEO topology. Hence, either a GEO satellite or a non-GEO satellite could be selected as serving satellite. We suggest to define the same gradual timing adjustment requirements which can be applied in different NTN topologies.
Proposal 3: It is suggested to define the same gradual timing adjustment requirements which can be applied in different NTN topologies.
The propagation delay change of serving link will cause both downlink reception timing drifting and UE specific TA change. 
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Figure 2: UE autonomous uplink timing adjustment for NTN network
As shown in Figure 2, if the propagation delay of serving link is increased by ΔTprop, then the downlink reception timing will be delayed by ΔTprop and the UE specific TA will be increased by 2ΔTprop. For the timing adjustment due to downlink timing drift, the magnitude of uplink timing adjustments is ΔTprop and the direction of uplink timing adjustment is same as the direction of propagation delay variation. For the timing adjustment due to UE specific TA updating, the magnitude of uplink timing adjustments is 2ΔTprop and the direction of uplink timing adjustment is opposite with the direction of propagation delay variation. If the uplink transmit timing is adjusted with combining both downlink timing drift and UE specific TA change, then the magnitude of uplink timing adjustments is ΔTprop and the direction of uplink timing adjustment is opposite with the direction of propagation delay variation. However, the downlink timing tracking and UE specific TA estimation are performed in different module. The UE may not perform uplink timing adjustments with combining both downlink timing drift and UE specific TA change. So, we suggest that the maximum aggregate adjustment rate for NTN networks can be defined based on the magnitude of downlink timing drift or the magnitude of UE specific TA change, which also can be applied for timing adjustments with combining both downlink timing drift and UE specific TA change.
Proposal 4: It is suggested that the value of Tq in gradual timing adjustment requirements for NTN can be derived based on the larger value between the magnitude of downlink timing drift and the magnitude of UE specific TA change.
The downlink timing drift is determined by movement speed and frequency error. The maximum autonomous time adjustment step for downlink timing drift can be assumed as (ΔTprop + ΔTfreq), and the maximum autonomous time adjustment step for UE specific TA change is defined as 2ΔTprop. Then, the value of Tq equals to the max value between (ΔTprop + ΔTfreq) and 2ΔTprop. The maximum propagation delay variation is determined by both satellite movement and UE movement. In GEO scenario, the satellite is stationary relative to the earth, and the maximum propagation delay variation is only determined by UE movement. In LEO scenario, the maximum propagation delay variation is determined by both satellite movement and UE movement. Considering the worst case, the maximum autonomous time adjustment step can be derived based on the maximum propagation delay variation in LEO scenario.
Proposal 5: It is suggested that the gradual timing adjustment requirements for NTN can be derived based on the maximum propagation delay variation on LEO scenario.
TA adjustment accuracy
The total TA value is calculated from four inputs, including NTA,offset, NTA,UE-specific, NTA,common and NTA. NTA,offset is a fixed value allowed for UL-DL switching. The UE would perform TA adjustment due to any one of NTA,UE-specific updating, NTA,common updating and NTA updating. NTA,UE-specific is the UE specific TA that is estimated at UE side. RAN4 has achieved the agreement that the UE specific TA estimation error is counted into the UE initial transmit timing error. The uplink timing adjustment due to UE specific TA updating can be considered as UE autonomous timing adjustment for which the gradual timing adjustment requirements need to be applied. Since the calculations of NTA and NTA,common are controlled or indicated by the network, it is suggested that TA adjustment requirements are applied when the timing advance between the uplink and downlink is changed by network signalling.
Proposal 6: It is suggested that TA adjustment requirements are applied when the timing advance between the uplink and downlink is changed by network signaling.
The value of NTA,common is broadcasted and periodical updated by the network and the value of NTA is indicated and updated by MAC-CE TA command. For the network controlled TA updating, TA adjustment error is derived from the UL timing quantization accuracy, and the existing TA adjustment requirements can reused for NTN network.
Proposal 7: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.
Conclusions
This contribution provides the discussion on how to define UE timing related requirements for NTN UE. The following are provided:
Proposal 1: The GNSS positioning error assumed for initial transmit timing error requirements is suggested to be within 50 meters, under the corresponding conditions as defined in Table 6.17 in TS36.171.
Proposal 2: The UE initial transmit timing error Te_NTN for NTN network can be defined as (Te + 10Ts), where Te is as same as the existing Te requirements in TS38.133.
Proposal 3: It is suggested to define the same gradual timing adjustment requirements which can be applied in different NTN topologies.
Proposal 4: It is suggested that the value of Tq in gradual timing adjustment requirements for NTN can be derived based on the larger value between the magnitude of downlink timing drift and the magnitude of UE specific TA change.
Proposal 5: It is suggested that the gradual timing adjustment requirements for NTN can be derived based on the maximum propagation delay variation on LEO scenario.
Proposal 6: It is suggested that TA adjustment requirements are applied when the timing advance between the uplink and downlink is changed by network signaling.
Proposal 7: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.
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