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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
For initial transmit timing requirements in NTN (Te_NTN), the value of Te_NTN is equal to (Te +Te_GNSS +Te_SAT). The value of Te is the legacy initial transmit timing error. The value of Te_GNSS corresponds to the RTT error due to GNSS positioning error. The value of Te_SAT corresponds to the RTT error due to serving-satellite position estimation error. RAN4 agreed that the GNSS positioning accuracy is assumed as 50 meters in FR1. Then, the propagation delay error due to GNSS positioning error can be assumed as 5Ts, and the corresponding RTT error would be 10Ts. 
The serving-satellite estimation error will be impacted by the calculation model used by UE side and the ephemeris information inaccuracy. The calculation model is up to implementation. The ephemeris information is indicated by network and the ephemeris information inaccuracy does not rely on UE capability. However, the serving-satellite position calculation is a complicated and the serving-satellite position estimation error cannot be simply divided into the error from calculation model used by UE side and the error due to inaccurate ephemeris information. 
Proposal 1: It is suggested that consider the serving-satellite position estimation error due to both calculation model used by UE side and the outdated/inaccurate ephemeris information.
The serving-satellite position estimation error can be assumed as 30 meters in FR1. Then, the propagation delay error due to GNSS positioning error can be assumed as 3Ts, and the corresponding RTT error would be 6Ts. Hence, the initial transmit timing error for NTN networks can be defined as (Te+16Ts), 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 in FR1 can be defined as below:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[28]*64*Tc

	
	
	30
	[26]*64*Tc

	
	
	60
	[X3]*64*Tc

	
	30
	15
	[24]*64*Tc

	
	
	30
	[24]*64*Tc

	
	
	60
	[Y3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211



UE specific TA estimation
The UE performs UE specific TA estimation according to UE position and serving satellite position. How to specify UE behaviour on updating rate for UE specific TA estimation means how often UE to perform UE position estimation and serving satellite position estimation. The UE specific TA is twice of the propagation delay between the serving satellite and the UE. The UE performs autonomous uplink timing adjustment accordingly when detecting the UE specific TA change. Besides, the propagation delay change will also cause downlink timing drift and the UE shall also perform autonomous uplink timing adjustments according to the downlink timing drift. Hence, when defining the gradual timing adjustment requirements for UE autonomous timing adjustment, the updating rate of UE specific TA shall also be taken into account.
Proposal 3: The UE behaviour on updating rate for UE specific TA estimation can be taken into account when defining gradual timing adjustment requirements.
Gradual timing adjustment 
RAN4 agreed that new gradual timing adjustment requirements need to be introduced for NTN network. For gradual timing adjustment requirements, it is suggested to consider both the downlink reception timing drifting rate and the UE specific TA updating rate for defining the aggregate adjustment rates Tp_NTN and Tq_NTN.
For TN network, the value of time advance is determined by network, the UE is allowed to perform autonomous time adjustment according to the downlink reception timing drift. UE is assumed to perform downlink reception timing estimation based on SSB signals. The maximum SSB periodicity is 160ms. So, it can be assumed that the UE can perform at least one downlink reception timing estimation per 200ms. Then, the aggregate adjustment rates are defined based on the downlink reception timing drifting within 200ms.
For NTN network, the total time advance value includes four inputs. At least two values of them (NTA and NTA,offset) are directly indicated by network. The UE performs common TA estimation according to the parameters provided by the network. The common TA is considered to compensate the feeder link RTT. The UE performs UE-specific TA estimation according to estimated UE position and serving satellite position. The UE-specific TA is considered to compensate the serving link RTT. The reference point of uplink transmit timing is defined as the downlink reception timing minus the total time advance. It can be observed that the UE needs to perform autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
[bookmark: _GoBack]Proposal 4: The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
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 for feeder link and serving link 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 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 5: It is suggested to define the same gradual timing adjustment requirements which can be applied in different NTN topologies, and the gradual timing adjustment requirements can be defined according to the worst case (LEO topology).
The propagation delay change of feeder link and/or serving link will cause both the downlink reception timing drift and the updating of common/UE-specific TA. For UE autonomous timing adjustment due to downlink reception timing drift, the direction of timing adjustment is same as the direction of the propagation delay variation. For UE autonomous timing adjustment due to TA updating, the direction of timing adjustment is opposite with the direction of propagation delay variation.
The direction of timing adjustment will be different for TA updating and downlink timing drift. Besides, TA estimation and downlink timing detection are two different types of UE behaviors. Whether to define respective gradual timing adjustment requirements need to be studied in RAN4.
Proposal 6: For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
According to TS38.821, it can be observed that the maximum delay variation as seen by the UE is up to 40μs/second for the worst case, and the frequency error is assumed as 0.1ppm. The magnitude of timing adjustment due to common/UE-specific TA updating or downlink timing drift can be summarized as Table 1.
Table 1: Timing drift for NTN network
	Parameters
	Values

	Frequency range
	FR1
	FR2

	UL SCS
	15kHz
	15kHz
	15kHz
	60kHz
	120kHz

	BWmin
	5MHz
	5MHz
	10MHz
	50MHz
	50MHz

	Sampling interval
	4Ts
	4Ts
	2Ts
	0.5Ts
	0.5Ts

	Timing drift due to 0.1ppm frequency error (per 200ms)
	20ns
	20ns
	20ns
	20ns
	20ns

	Max delay variation (per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max downlink timing drift
(per 200ms)
	8us
	8us
	8us
	8us
	8us

	Max TA variation per 200ms
	16us
	16us
	16us
	16us
	16us

	Tq for downlink timing drift
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

	Tq for TA variation
	w/o DigRF error
	496Ts
	496Ts
	494Ts
	492.5Ts
	492.5Ts

	
	w/ DigRF error
	497.5Ts
	497.5Ts
	495.5Ts
	494Ts
	494Ts

	Tq for combining downlink timing drift and TA variation 
	w/o DigRF error
	248Ts
	248Ts
	248Ts
	246.5Ts
	246.5Ts

	
	w/ DigRF error
	249.5Ts
	249.5Ts
	249.5Ts
	248Ts
	248Ts

	Note 1: The time length of Ts equals to 1/30720000 second (≈ 32.55 ns)
Note 2: DigRF error is assumed as 1.5Ts.


Proposal 7: It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN network.
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 values of NTA,common and NTA,UE-specific are UE-self estimated. Only the updating of NTA is indicated by the network. We suggest that the updating of NTA,common and NTA,UE-specific are considered as UE autonomous timing adjustment. Hence, it is suggested that TA adjustment requirements are applied when the UE receives a timing advance command from network.
Proposal 8: It is suggested that TA adjustment requirements are applied when the UE receives a TA command by network signaling.
The value of NTA is indicated and updated by MAC-CE TA command. For the network indicated 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 9: 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: It is suggested that consider the serving-satellite position estimation error due to both calculation model used by UE side and the outdated/inaccurate ephemeris information.
Proposal 2: The UE initial transmit timing error Te_NTN for NTN network in FR1 can be defined as below:
	Frequency Range
	SCS of SSB signals (kHz)
	SCS of uplink signals (kHz)
	Te_NTN

	1
	15
	15
	[28]*64*Tc

	
	
	30
	[26]*64*Tc

	
	
	60
	[X3]*64*Tc

	
	30
	15
	[24]*64*Tc

	
	
	30
	[24]*64*Tc

	
	
	60
	[Y3]*64*Tc

	NOTE:	Tc is the basic timing unit defined in TS 38.211


Proposal 3: The UE behaviour on updating rate for UE specific TA estimation can be taken into account when defining gradual timing adjustment requirements.
Proposal 4: The UE performs autonomous timing adjustment according to the common TA drift, the downlink timing drift and the update of UE specific TA.
Proposal 5: It is suggested to define the same gradual timing adjustment requirements which can be applied in different NTN topologies, and the gradual timing adjustment requirements can be defined according to the worst case (LEO topology).
Proposal 6: For NTN network, RAN4 needs to study whether to define respective gradual timing adjustment requirements for estimated TA updating and downlink timing drift.
Proposal 7: It is suggested to consider the values of Tq in Table 1 when defining the gradual timing adjustment requirements for NTN network.
Proposal 8: It is suggested that TA adjustment requirements are applied when the UE receives a TA command by network signaling.
Proposal 9: It is suggested that the existing TA adjustment accuracy requirements for TN network can be applied for NTN network.
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