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Introduction
In RAN#90 meeting, a Rel-17 work item for extending current NR operation to 71GHz was approved and the WID was updated in RAN#93e [1]. While a subcarrier spacing of 120kHz with NCP was recommended to be supported, additional subcarrier spacings 480kHz, and 960kHz in addition to 120kHz are also introduced for this frequency range. Impact of these higher SCS on timing requirements was first discussed during RAN4#100e with relevant agreements and FFS items captured in the WF [2].
In this contribution, we further analyze the impact of the higher SCS of 480/960kHz on UE transmit timing accuracy requirements. 
UE transmit timing
UE transmit timing error is based on DL timing estimation which depends on the BW of the SSB. The minimum resolution for DL timing would be inverse of signal BW. RAN4 also specifies an additional margin to account for various UE artifacts related to DL to UL switching. While SSB BW puts a lower limit on the UL timing accuracy, the upper bound is half of CP length on the Uplink transmission.
Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Although SSB with higher SCS provides better DL timing estimation, the reduction in CP length on the Uplink transmission leaves very little room for any estimation error margin. With such small margin, it will be hard for the UE to meet the UL timing accuracy requirements. Analysis is shown in the Table 1.
Observation 4: Reduction in CP length of the UL transmission for higher SCS of 480/960kHz leaves the UE with very little timing estimation error margin which does not scales down linearly with wider DL SSB bandwidth. 
Observation 5: Even with Te of 0.5*CP, some scenarios (e.g., SSB SCS 120, UL SCS 960) may not meet the UL timing accuracy requirements given an extremely small error margin.
Proposal 1: For UL SCS of 480/960 kHz, the UE shall use a Te corresponding to half CP length of the UL transmission.
· For UL SCS of 480 kHz, Te = 4.5*32*Tc
· For UL SCS of 960 kHz, Te = 4.5*16*Tc

One of the factors contributing to the error margin is the timing drift from DL timing estimation to UL transmission. Current RAN4 requirements assume the availability of an SSB in last 160ms. With a frequency offset of 0.1ppm, this leads to a timing drift of 16ns. This timing drift may be avoided if the UL resources are scheduled close to the DL SSB. We propose to specify availability of an SSB in the last 20ms. This would reduce the timing drift to 2ns and would help UE meet the UL timing.
Observation 6: Current RAN4 requirements on availability of an SSB in the last 160ms leads to a timing drift of 16ns (with 0.1ppm frequency error) which contributes to the UL timing error margin.
Proposal 2: For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 20ms.

												Table 1: UL timing error analysis
	Frequency Range
	SCS of SSB signals (KHz)
	SS/PBCH (MHz) (=NR_SSB_NRB)
	SCS of UL signals (KHz)
	CP
	Te
	Te_byRxBW
	Margin_byTxSCS

	
	
	
	
	(Tc)
	
	(Tc)
	(Tc)

	FR1
	15
	3.6
	15
	144*64*Tc
	12*64*Tc
	274
	495

	
	
	
	30
	72*64*Tc
	10*64*Tc
	
	367

	
	
	
	60
	36*64*Tc
	10*64*Tc
	
	367

	
	30
	7.2
	15
	144*64*Tc
	8*64*Tc
	137
	375

	
	
	
	30
	72*64*Tc
	8*64*Tc
	
	375

	
	
	
	60
	36*64*Tc
	7*64*Tc
	
	311

	FR2-1
	120
	28.8
	60
	36*64*Tc
	3.5*64*Tc
	35
	189

	
	
	
	120
	18*64*Tc
	3.5*64*Tc
	
	189

	
	240
	57.6
	60
	36*64*Tc
	3*64*Tc
	18
	174

	
	
	
	120
	18*64*Tc
	3*64*Tc
	
	174

	FR2-2
	120
	28.8
	120
	18*64*Tc
	3.5*64*Tc
	35
	189

	
	
	
	480
	9*32*Tc
	4.5*32*Tc
	
	109

	
	
	
	960
	9*16*Tc
	4.5*16*Tc
	
	37

	
	480
	115.2
	480
	9*32*Tc
	4.5*32*Tc
	9
	135

	
	
	
	960
	9*16*Tc
	4.5*16*Tc
	
	63

	
	960
	230.4
	960
	9*16*Tc
	4.5*16*Tc
	5
	67



Conclusion
Observation 1: RAN4 specifies the UE transmit timing based on the SSB bandwidth.
Observation 2: An additional margin in the timing error is specified to account for UE artifacts related to DL to UL switching.
Observation 3: The upper limit on the timing error is half CP length on the uplink transmission.
Observation 4: Reduction in CP length of the UL transmission for higher SCS of 480/960kHz leaves the UE with very little timing estimation error margin which does not scales down linearly with wider DL SSB bandwidth. 
Observation 5: Even with Te of 0.5*CP, some scenarios (e.g., SSB SCS 120, UL SCS 960) may not meet the UL timing accuracy requirements given an extremely small error margin.
Proposal 1: For UL SCS of 480/960 kHz, the UE shall use a Te corresponding to half CP length of the UL transmission.
· For UL SCS of 480 kHz, Te = 4.5*32*Tc
· For UL SCS of 960 kHz, Te = 4.5*16*Tc

Observation 6: Current RAN4 requirements on availability of an SSB in the last 160ms leads to a timing drift of 16ns (with 0.1ppm frequency error) which contributes to the UL timing error margin.
Proposal 2: For UL SCS of 480/960 kHz, a UE is required to meet the UL timing accuracy requirements if an SSB is available in the last 20ms.
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