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Introduction
[bookmark: _Ref481671177]In this paper, our views on timing measurement requirements in FR2-2 are provided, including the UL timing accuracy requirements for SCS of 480 kHz and 960 kHz, and cross-carrier active BWP switching. 
UL Timing accuracy (Te) requirement for higher SCS
 In last meeting, the principle to define Te requirement was discussed as WF [1]. Percentage of UL CP length Te can occupy for UL SCS of 480/960 kHz
· UE transmit timing error requirements for UL SCS of 480/960 kHz are defined under the following assumptions
· SCS:
· SSB SCS ≥ UL SCS
· FFS if other SCS combinations shall be considered
· At least one SSB is available at the UE during the last: 20ms, 40ms, 80ms
· Note: If multiple set of requirements are defined, then the requirements will be defined for at most for 2 periodicities
· Max delay spread: 
· [30ns] for 480kHz 
· [20ns] for 960kHz
· FFS if a single set or multiple sets of requirements need to be defined
· FFS how to design test case for UE transmit timing error requirements


The timing error limit Te are contributed at least by the baseband estimation error on DL signal and the RF mismatch between UL and DL plus the margin. As shown in Table 1, the baseband estimation error on DL signal is assumed to be reduced with the increase of SSB BW. For SSB SCS of 480 kHz, the estimation error could be improved to 0.14 Ts from 0.27 Ts, i.e. ~0.13 Ts improvement comparing to SSB SCS of 240 kHz. However, assuming Te is budgeted as 50% CP, then the Te will be tightened to 2.2 Ts and 1.1 Ts for 480 kHz and 960 kHz, respectively. Thus, the budget for RF mismatch + margin will be reduced to ~2.1 Ts and ~1 Ts for SCS of 480 kHz and 960 kHz, respectively. 









Table 1. Te requirements and the corresponding baseband and RF error budget
	FR
	SSB SCS
	UL SCS
	Te
	Baseband
DL est. error
	RF + Margin

	
	kHz
	kHz
	Ts (64Tc)
	Ts
	Ts

	FR2
	120
	60
	3.5
	0.53
	2.97

	
	
	120
	3.5
	0.53
	2.97

	
	240
	60
	3
	0.27
	2.73

	
	
	120
	3
	0.27
	2.73

	FR2-2
Te of 50% CP
	480
	480
	2.22
	0.14
	2.09

	
	
	960
	1.11
	0.14
	0.98



[bookmark: _Ref85643409]Observation 1: For the higher SCS, the timing error is dominated by the RF mismatch and margin. The baseband improvement will be limited. 
Since the error budget of 1 ~ 2 Ts is very challenging for UE implementation, and one UE supports 480 kHz and 960 kHz may not be able to support the UL timing accuracy, thus we suggest to introduce a new UE capability for supporting UL timing accuracy. 
[bookmark: _Ref85643411]Observation 2: The timing error budget for RF mismatch and margin will be reduced to ~2.1 Ts and ~1 Ts for UL SCS of 480k Hz and 960 kHz, respectively, assuming Te is 50% CP.  UE may not be able to support the UL timing accuracy.
[bookmark: _Ref95429612][bookmark: _Ref92444784]Proposal 1: Specify 2 sets of UE transmit timing error requirements, wherein one set is made by assuming the RF margin of 2 Ts = 2*64 Tc.   
[bookmark: _Ref95429616]Proposal 2: Introduce a new UE capability to indicate which set of UE transmit timing error requirements can be applied. 
Conclusion
In this contribution, we discuss the timing measurement requirement in FR2-2. We have the following observations and proposals. 
Observation 1: For the higher SCS, the timing error is dominated by the RF mismatch and margin.
Observation 2: The timing error budget for RF mismatch and margin will be reduced to ~2.1 Ts and ~1 Ts for UL SCS of 480k Hz and 960 kHz, respectively
Proposal 1: Specify 2 sets of UE transmit timing error requirements, wherein one set is made by assuming the RF margin of 2 Ts = 2*64 Tc.
Proposal 2: Introduce a new UE capability to indicate which set of UE transmit timing error requirements can be applied.
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