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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#92e [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.· In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· In addition to 120kHz, support 480 kHz SSB for initial access with support of CORESET#0/Type0-PDCCH configuration in the MIB with following constraints:
· Limited sync raster entry numbers
· It is assumed that RAN4 supports a channelization design which results in the total number of synchronization raster entries considering both licensed and unlicensed operation in a 52.6 – 71 GHz band no larger than 665 (Note: the total number of synchronization raster entries in FR2 for band n259 + n257 is 599). If the assumption cannot be satisfied, it’s up to RAN4 to decide its applicability to bands in 52.6 – 71 GHz.
· only 480kHz CORESET#0/Type0-PDCCH SCS supported for 480 kHz SSB SCS.
· Prioritize support SSB-CORESET#0 multiplexing pattern 1. Other patterns discussed on a best effort basis.
· 960 kHz numerology for the SSB is not supported by the UE for initial access in Rel-17


In this contribution, we 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 below.
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.   
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

	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.   
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
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