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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 discussed during RAN4#100e and RAN4#101e with relevant agreements and FFS items captured in the WFs [2] [3].
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.
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 1: 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.
During RAN4#101e, the following basic principle for defining the UL timing accuracy was discussed:Basic principles 
· FFS: Choose Te such that the condition TCP - TCH  - 2 ( Te + TAC,Q /2 ) > 0 holds 
· FFS: When defining the margin for the Te calculation, discuss the values for maximum RMS channel delay spread for 480 kHz SCS, and 960 kHz SCS 
· FFS: Cases for which the UE cannot meet the Te requirements derived in the abovementioned manner. 



Regarding delay spread, RAN1 assumed the following for link-level simulations during the SI phase [4]:
TDL model as defined in of TR38.901 Clause 7.7.2:
- TDL-A (5ns, 10ns, 20ns DS) 
- optional DS for consideration: 40ns, 60ns DS
CDL model as defined in of TR38.901 Clause 7.7.1:
- CDL-B (20ns, 50ns DS)
- CDL-D (20ns, 30ns DS) with K-factor = 10 dB
- optional DS for consideration: 100ns DS






Based on the above RAN1 assumptions and performance evaluations, we think it would be fair to assume a delay spread of 20ms for 480kHz SCS and 10ms for 960kHz SCS
Observation 7: RAN1 assumed the following mandatory delay spread for link level simulations [TS 38.808]:
TDL model as defined in of TR38.901 Clause 7.7.2:
- TDL-A (5ns, 10ns, 20ns DS) 
CDL model as defined in of TR38.901 Clause 7.7.1:
- CDL-B (20ns, 50ns DS)
- CDL-D (20ns, 30ns DS) with K-factor = 10 dB

Proposal 2: To evaluate RAN4 RRM requirements for FR2-2, assume the following delay spread values:
· 20ms for 480kHz SCS
· 10ms for 960kHz SCS

Using the condition TCP - TCH - 2 ( Te + TAC,Q /2 ) > 0, gives a Te/TCP ratio of 37.7% as shown in the table below:
	UL SCS (kHz)
	TCP (ns)
	TCH (ns)
	TAC,Q (ns)
	Te (ns) 
	Te/TCP

	480
	146
	20
	16
	55
	37.7

	960
	73
	10
	8
	27
	37.7



Observation 8: Based on the condition TCP - TCH - 2 ( Te + TAC,Q /2 ) > 0, and assuming DS of 20ms and 10ms for 480kHz and 960kHz SCS respectively, we get a Te/TCP ratio of 37.7%
Next, let’s analyse the implementation margins with Te/TCP ratio of 37.7% (Table 1). As shown in the table, the margins are still very challenging for the UE to meet if the SSBs are not available with less periodicity. However, if SSBs are available within the last 20ms, the UE may be able to meet the derived UL timing accuracies for most cases. The case of 120kHz SSB SCS and 960kHz UL SCS is still challenging and the UE cannot meet the Ul accuracy even with 37.7% CP occupancy.	
Observation 9: For a Te/TCP ratio of 37.7%, the UE can meet the UL accuracy requirements for most cases if an SSB is available in the last 20ms.
Proposal 3: Based on the discussed condition TCP - TCH - 2 ( Te + TAC,Q /2 ) > 0, and a delay spread of 20ms and 10ms for 480kHz and 960kHz SCS respectively, propose to use a Te/TCP ratio of 37.7% in determining UL timing accuracy requirements. FFS : 120kHz SSB SCS and 960kHz UL SCS.									
Table 1: UL timing error analysis
	SSB SCS (KHz)
	SSB BW (MHz) 
	UL SCS (KHz)
	CP
	Te
	Te/CP ratio
	Te_SSB
	Margin

	
	
	
	(Tc)
	(us)
	(Tc)
	(us)
	 
	(Tc)
	(us)
	(Tc)
	(us)

	120
	28.8
	120
	1152
	0.586
	230.4
	0.1171875
	0.2
	35
	0.0178
	195.4
	0.0993856

	
	
	480
	288
	0.146
	108.576
	0.055224609
	0.377
	
	
	73.576
	0.0374227

	
	
	960
	144
	0.073
	54.288
	0.027612305
	0.377
	
	
	19.288
	0.0098104

	480
	115.2
	120
	1152
	0.586
	230.4
	0.1171875
	0.2
	9
	0.0046
	221.4
	0.1126099

	
	
	480
	288
	0.146
	108.576
	0.055224609
	0.377
	
	
	99.576
	0.050647

	
	
	960
	144
	0.073
	54.288
	0.027612305
	0.377
	
	
	45.288
	0.0230347

	960
	230.4
	120
	1152
	0.586
	230.4
	0.1171875
	0.2
	5
	0.0025
	225.4
	0.1146444

	
	
	480
	288
	0.146
	108.576
	0.055224609
	0.377
	
	
	103.576
	0.0526815

	
	
	960
	144
	0.073
	54.288
	0.027612305
	0.377
	
	
	49.288
	0.0250692



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.
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 1: 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.
Observation 7: RAN1 assumed the following mandatory delay spread for link level simulations [TS 38.808]:
TDL model as defined in of TR38.901 Clause 7.7.2:
- TDL-A (5ns, 10ns, 20ns DS) 
CDL model as defined in of TR38.901 Clause 7.7.1:
- CDL-B (20ns, 50ns DS)
- CDL-D (20ns, 30ns DS) with K-factor = 10 dB

Proposal 2: To evaluate RAN4 RRM requirements for FR2-2, assume the following delay spread values:
· 20ms for 480kHz SCS
· 10ms for 960kHz SCS

Observation 8: Based on the condition TCP - TCH - 2 ( Te + TAC,Q /2 ) > 0, and assuming DS of 20ms and 10ms for 480kHz and 960kHz SCS respectively, we get a Te/TCP ratio of 37.7%	
Observation 9: For a Te/TCP ratio of 37.7%, the UE can meet the UL accuracy requirements for most cases if an SSB is available in the last 20ms.
Proposal 3: Based on the discussed condition TCP - TCH - 2 ( Te + TAC,Q /2 ) > 0, and a delay spread of 20ms and 10ms for 480kHz and 960kHz SCS respectively, propose to use a Te/TCP ratio of 37.7% in determining UL timing accuracy requirements. FFS : 120kHz SSB SCS and 960kHz UL SCS.	
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