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1.	Introduction
This paper proposes measurement uncertainties for FR2 RRM timing test cases.
2.	Discussion
In FR1, following values are proposed in [1] and are captured in Annex F of 38.533.
Table F.1.1.2-1: Maximum allowed measurement uncertainty values for the test system for FR1 (up to 6 GHz) and Cell BW BW ≤ 40 MHz
	MU contributor
	Unit
	Value
	Comment

	AWGN absolute power, Noc
	dB
	±1.5
	

	Ratio of cell X signal / AWGN, Êsx / Noc
	dB
	±0.3
	Same as in LTE

	Fading profile uncertainty*
	dB
	±0.7Note 3
	Depends on fading profile, can be referenced from TS 38.101-4 [20]

	AWGN and signal flatness*
	dB
	±2.0
	Same as in LTE, can be referenced from TS 38.101-4 [20]

	Uplink absolute power measurement
	dB
	±1.5
	Same as in TS 38.101-1 [17]

	Uplink relative power measurement
	dB
	±0.7
	Same as in TS 38.101-1 [17]

	Uplink signal transmit timing relative to downlink
	Tc
	±112
	

	Relative transmit timing accuracy during UE timing adjustment
	Tc
	±88
	

	Timing Advance Adjustment accuracy
	Tc
	±88
	

	Note 1: The values in this table are specified per cell. Multi-cell test cases need to combined these values in the TT analysis in TR 38.903
Note 2:These values apply for cell BW ≤ 40 MHz. The maximum allowed measurement uncertainty for higher cell BW is FFS.
Note 3: Considering 2 Tx Antenna



In [1], FR1 timing measurement uncertainty is determined as 25% of core requirement, which is almost the same ratio of MU to core requirement in LTE. In FR2, we can take the same approach upon determining the measurement uncertainty of timing tests.
 Following tables are the timing error limit and timing adjustment size requirement from latest TS 38.133.

Table 7.1.2-1: Te Timing Error Limit
	Frequency Range
	SCS of SSB signals (KHz)
	SCS of uplink signals s(KHz)
	Te

	1
	15
	15
	12*64*Tc

	
	
	30
	10*64*Tc

	
	
	60
	10*64*Tc

	
	30
	15
	8*64*Tc

	
	
	30
	8*64*Tc

	
	
	60
	7*64*Tc

	2
	120
	60
	3.5*64*Tc

	
	
	120
	3.5*64*Tc

	
	240
	60
	3*64*Tc

	
	
	120
	3*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211 [6]




Table 7.1.2-3: Tq Maximum Autonomous Time Adjustment Step and Tp Minimum Aggregate Adjustment rate
	Frequency Range
	SCS of uplink signals (KHz)
	Tq
	Tp 

	1
	15
	5.5*64*Tc
	5.5*64*Tc

	
	30
	5.5*64*Tc
	5.5*64*Tc

	
	60
	5.5*64*Tc
	5.5*64*Tc

	2
	60
	2.5*64*Tc
	2.5*64*Tc

	
	120
	2.5*64*Tc
	2.5*64*Tc

	NOTE 1:	Tc is the basic timing unit defined in TS 38.211 [6]



Table 1 summarizes the smallest timing requirements for timing error limit and timing adjustment rate limit.
Table 1 Smallest timing requirement
	
	LTE
	NR

	Timing error limit
	12 * Ts = 391ns
	FR1: 7*64*Tc = 228ns
FR2 : 3*64*Tc = 98ns



	Adjustment rate limit
	3.5 * Ts = 114ns
	FR1 : 5.5*64*Tc= 179ns
FR2 : 2.5*64*Tc=81ns 



“Timing error limit” is associated with MU term "Uplink signal transmit timing relative to downlink”. By calculating 25% of FR2 requirement, following value is obtained.
0.25*3*64*Tc  = 48*Tc (= 24.5ns)
The “Uplink signal transmit timing relative to downlink” depends on the total path length of DL and UL of the test system if timing error is measured by DL transmit time minus UL reception time at the SS. However as the test system path length is fixed and can be premeasured, it can be cancelled out by subtracting it to the measured time difference. The remaining main MU factor is the timing measurement error originated from baseband process, which is typically smaller than the 24.5ns(sub-ns to several ns). Hence the MU of 48Tc will be achievable in the actual test equipment and hence is proposed as measurement uncertainty for FR2.
[bookmark: P1]Proposal 1: Adopt ±[48] Tc  as measurement uncertainty for FR2 “Uplink signal transmit timing relative to downlink“
“Adjustment rate” limit is associated with MU terms “Relative transmits timing accuracy during UE timing adjustment” and “Timing Advance Adjustment accuracy”. By calculating 25% of FR2 requirement, following value is obtained.
0.25*2.5*64*Tc  = 40*Tc (= 20.25ns)
Different from “Uplink signal transmit timing relative to downlink” ,” Relative transmit timing accuracy during UE timing adjustment” and “Timing Advance Adjustment accuracy” are associated with relative timing difference of 2 UL transmissions and hence path length of the test system is not a matter. Then main MU factor of the relative timing error measurement is originated from baseband process and is typical smaller than 40Tc(sub-ns to several ns). Hence +/- 40Tc is proposed for measurement uncertainty in FR2.
[bookmark: P2]Proposal 2: Adopt ±[40] Tc  as measurement uncertainty for FR2 “Relative transmit timing accuracy during UE timing adjustment” and “Timing Advance Adjustment accuracy” 
3.	Conclusion
RAN5 is asked to endorse following proposals.
Proposal 1: Adopt ±[48] Tc  as measurement uncertainty for FR2 “Uplink signal transmit timing relative to downlink“
Proposal 2: Adopt ±[40] Tc  as measurement uncertainty for FR2 “Relative transmit timing accuracy during UE timing adjustment” and “Timing Advance Adjustment accuracy” 
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