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1.	Introduction
We provide our analyses and views on UE UL timing accuracy requirements.
2. 	Discussion
Issue 1-6: Te_NTN for 60kHz and 120kHz
Agreement:
Companies should provide ‘the exact value of Te_NTN and values assumed for X and Y’ and ‘the analysis result based on the following criterion.’ Otherwise, the values/proposals won’t be captured in the list of options.
Tg =  0.5*Tcp – (Td + Tp + Tr + Ta + Tf + Tm): an effective guard period in CP
· Tcp: a length of CP for the given SCS of UL channel/signal
· Td: UE downlink synchronization error for the given SCS of SSB (BW of PBCH DMRS, i.e. 20 PRBs)
· Tp = Tp,ue + Tp,sat: a round trip propagation delay estimation error due to UE position and satellite position estimation errors
· Tp,ue: a round trip propagation delay estimation error due to [X]m of UE position error
· Tp,sat: a round trip propagation delay estimation error due to [Y]m of satellite position estimation error
· Tr: TAC resolution error (from TS38.213)
· Ta: TA adjustment accuracy error (from Table 7.3.2.2-1 of TS38.133)
· Tf: an accumulated timing drift over 160ms due to a frequency offset of 0.1ppm
· Tm: a margin needed at gNB receiver to accommodate any additional impairments if needed.
· If a non-zero value is assumed in the proposal for Tm, the source of the impairments shall be provided too.
Technical analysis is required if any number will be provided for each of the components in the next meeting.
Whether the same or different values for different channels is contribution driven.

Based on the agreed formular for analysis of impact of UE and Satellite positioning on Te_NTN requirements, our analyses are provided in Tables 1-3 for the agreed 3 different cases. The assumptions made for the analyses are as below:
Tm: 10% of half CP length for a given UL SCS
Tp,ue: 5m and 25m for stationary UE and mobile UE, respectively. 
Tp,sate: 5m and 20m for GSO and LEO, respectively.
The elevation angle is assumed to be 30 deg.
Te_NTN = ceiling((Td + Tp + Tr + Ta + Tf + Tm)/Ts) where Ts = 64*Tc (defined in TS38.211)

Table 1. Tg analysis and Te_NTN for Case-1 (Stationary UE for GSO) 
	SCS of SSB  [kHz]
	SCS of UL [kHz]
	Tcp [us]
	Td [us]
	Tr [us]
	Ta [us]
	Tf [us]
	Tp,ue [us]
	Tp,sat [us]
	Tm [us]
	Tg [us]
	Te_NTN [Ts]

	120.00
	60.00
	1.17
	0.02
	0.065
	0.065
	0.016
	0.029
	0.033
	0.059
	0.30
	7.0

	120.00
	120.00
	0.59
	0.02
	0.033
	0.016
	0.016
	0.029
	0.033
	0.029
	0.12
	5.0

	240.00
	60.00
	1.17
	0.01
	0.065
	0.065
	0.016
	0.029
	0.033
	0.059
	0.31
	7.0

	240.00
	120.00
	0.59
	0.01
	0.033
	0.016
	0.016
	0.029
	0.033
	0.029
	0.13
	5.0



Table 2. Tg analysis and Te_NTN for Case-2 (Stationary UE for LEO)
	SCS of SSB  [kHz]
	SCS of UL [kHz]
	Tcp [us]
	Td [us]
	Tr [us]
	Ta [us]
	Tf [us]
	Tp,ue [us]
	Tp,sat [us]
	Tm [us]
	Tg [us]
	Te_NTN [Ts]

	120.00
	60.00
	1.17
	0.02
	0.065
	0.065
	0.016
	0.029
	0.133
	0.059
	0.20
	11.0

	120.00
	120.00
	0.59
	0.02
	0.033
	0.016
	0.016
	0.029
	0.133
	0.029
	0.02
	8.0

	240.00
	60.00
	1.17
	0.01
	0.065
	0.065
	0.016
	0.029
	0.133
	0.059
	0.21
	10.0

	240.00
	120.00
	0.59
	0.01
	0.033
	0.016
	0.016
	0.029
	0.133
	0.029
	0.03
	8.0



Table 3. Tg analysis and Te_NTN for Case-2 (Mobile UE for GSO)
	SCS of SSB  [kHz]
	SCS of UL [kHz]
	Tcp [us]
	Td [us]
	Tr [us]
	Ta [us]
	Tf [us]
	Tp,ue [us]
	Tp,sat [us]
	Tm [us]
	Tg [us]
	Te_NTN [Ts]

	120.00
	60.00
	1.17
	0.02
	0.065
	0.065
	0.016
	0.144
	0.033
	0.059
	0.19
	11.0

	120.00
	120.00
	0.59
	0.02
	0.033
	0.016
	0.016
	0.144
	0.033
	0.029
	0.00
	8.0

	240.00
	60.00
	1.17
	0.01
	0.065
	0.065
	0.016
	0.144
	0.033
	0.059
	0.19
	11.0

	240.00
	120.00
	0.59
	0.01
	0.033
	0.016
	0.016
	0.144
	0.033
	0.029
	0.01
	8.0



Unlike Rel-17 UL timing accuracy requirement, we can consider different Te_NTN requirements for different cases.

Proposal 1: UL timing accuracy requirements for NR NTN band above 10GHz are defined as below.
· Te_NTN for Case-1:
· For UL SCS of 60kHz, 7*Ts
· For UL SCS of 120kHz, 5*Ts
· Te_NTN for Case-2:
· For UL SCS of 60kHz, 11*Ts
· For UL SCS of 120kHz, 8*Ts
· Te_NTN for Case-3:
· For UL SCS of 60kHz, 11*Ts
· For UL SCS of 120kHz, 8*Ts
· No differentiation between CP types for 60kHz UL SCS.
· No different requirements for different uplink signals and channels.
· Note: GSO includes both Geostationary and Geosynchronous orbits
· Note: different UE positioning error and satellite positioning error are considered for different cases. 
· UE positioning error: 5m and 25m for stationary UE and mobile UE, respectively
· Satellite positioning error: 5m and 20m for GSO and LEO, respectively.
· The elevation angle is assumed to be 30 deg.
3.	Conclusion
Proposals are summarized below:
UE UL Timing Accuracy Requirements
Proposal 1: UL timing accuracy requirements for NR NTN band above 10GHz are defined as below.
· Te_NTN for Case-1:
· For UL SCS of 60kHz, 7*Ts
· For UL SCS of 120kHz, 5*Ts
· Te_NTN for Case-2:
· For UL SCS of 60kHz, 11*Ts
· For UL SCS of 120kHz, 8*Ts
· Te_NTN for Case-3:
· For UL SCS of 60kHz, 11*Ts
· For UL SCS of 120kHz, 8*Ts
· No differentiation between CP types for 60kHz UL SCS.
· No different requirements for different uplink signals and channels.
· Note: GSO includes both Geostationary and Geosynchronous orbits
· Note: different UE positioning error and satellite positioning error are considered for different cases. 
· UE positioning error: 5m and 25m for stationary UE and mobile UE, respectively
· Satellite positioning error: 5m and 20m for GSO and LEO, respectively.
· The elevation angle is assumed to be 30 deg.
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