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1. Introduction
NR-U performance part WI for BS conformance tests is ongoing in RAN4. In this contribution we present our view on NR-U measurement uncertainties and test tolerances for BS conformance tests.
2. Discussion
In way forward [1] following views were captured for measurement uncertainties and test requirements for BS conformance tests:

	Option 1:  extend the existing upper frequency 6GHz in TS 38.141-1/2 to 7125MHz;

Option 2: follow the LAA measurement uncertainty for n46 and TBD for n96;

Option 3: TBD for both n46 and n96


Below we describe how MUs and TTs were define for both LAA/eLAA and for NR.  

Measurement uncertainties and test requirements for LAA/eLAA:
Before introduction of LAA into LTE BS conformance specification TS 36.141 [2] upper range of maximum test system uncertainty was 4.2 GHz, simply there was no bands higher than 4.2 GHz boundary. Thus, all respective tested in BS conformance specification TS 36.141 measurement uncertainties and test requirements for range above 4.2 GHz up to 6 GHz were updated taking into account additional margin of 0.5dB for test tolerances. Currently up to know, in LTE specification there is no other bands than band 46. Thus, only unlicensed band 46 uses those.
Measurement uncertainties and test requirements for NR:
When NR BS conformance test specification was design, it was clear that frequency range 1 (FR1) will cover range up to 6 GHz. Compare to E-UTRA specification for some of the NR tests, maximum test system uncertainty values were unchanged and simply frequency range were updated. For some others also additional margin of 0.4 dB to 0.7 dB were added depends on the specific type of test. For NR case, not only unlicensed bands use ranges above 4.2 GHz. For cases where TT was not change for range >4.2 GHz there is note in specification TS 38.141-1 table 4.1.2.2-1 for Tx and 4.1.2.3-1 for Rx:

	NOTE:
Test system uncertainty values for 4.2 GHz < f ≤ 6 GHz apply for BS operates in licensed spectrum only.


As for NR-U bands n46 similarly to LAA some core requirements are relaxed compare to licensed operation, it is proposed to also reuse LAA measurement uncertainties for band n46 that is the same range band as 46. There should not be difference in this case between LAA and NR-U. 
Proposal 1: It proposed to reuse LAA measurements uncertainties for band n46.
One difference in NR-U compare to LAA is new frequency range for band n96 with upper frequency up to 7125 MHz. Band n96 is just above band n46.  It is reasonable to also reuse LAA test measurements uncertainties. 

Proposal 2: It proposed to apply LAA measurements uncertainties for band n96.
As there is no other band than n46 and n96, and to keep specification easy to readable it is proposed to simply add reference for band n46 and band n96 directly without adding range like “4.2 GHz < f ≤ 7.125 GHz”. 
Proposal 3. It is proposed to introduce to NR-U test specification references of Maximum Test System Uncertainty with direct reference to bands n46 and n96.
Tables below present updated values that are reusing LAA measurements uncertainties for respective Tx and Rx Maximum Test System Uncertainty.
Proposal 4. It is proposed to introduce to specification values as presented in tables below.
Table 4.1.2.2-1: Maximum Test System uncertainty for transmitter tests

	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.2 Base Station output power
	±0.7 dB, f ≤ 3 GHz

±1.0 dB, 3 GHz < f ≤ 6 GHz (Note)
±1.5 dB, for bands n46 and n96
	

	6.3 Output power dynamics
	± 0.4 dB
	

	6.4.1 Transmit OFF power
	±2.0 dB , f ≤ 3 GHz

±2.5 dB, 3 GHz < f ≤ 6 GHz (Note)
±3 dB, for bands n46 and n96
	

	6.4.2 Transmitter transient period
	N/A
	

	6.5.2 Frequency error
	± 12 Hz
	

	6.5.3 EVM
	± 1%
	

	6.5.4 Time alignment error
	± 25ns
	

	6.6.2 Occupied bandwidth
	5 MHz, 10 MHz BS Channel BW: ±100 kHz

15 MHz, 20 MHz, 25 MHz, 30 MHz, 40 MHz, 50 MHz BS Channel BW: ±300 kHz

60 MHz, 70 MHz, 80 MHz, 90 MHz, 100 MHz BS Channel BW: ±600 kHz
	

	6.6.3 Adjacent Channel Leakage power Ratio (ACLR)
	ACLR/ CACLR
BW ≤ 20MHz: ±0.8 dB
BW > 20MHz: ±1.2 dB
Absolute power ±2.0 dB, f ≤ 3 GHz

Absolute power ±2.5 dB, 3 GHz < f ≤ 6 GHz (Note)
Absolute power ±3 dB, for bands n46 and n96
CACLR
BW ≤ 20MHz: ±0.8 dB
BW > 20MHz: ±1.2 dB
CACLR absolute power ±2.0 dB , f ≤ 3 GHz

CACLR absolute power ±2.5 dB, 3 GHz < f ≤ 6 GHz (Note)
CACLR absolute power ±3 dB, for bands n46 and n96

	

	6.6.4 Operating band unwanted emissions
	±1.5 dB, f ≤ 3 GHz

±1.8 dB, 3 GHz < f ≤ 6 GHz (Note)
±2.2 dB, for bands n46 and n96
	

	6.6.5.5.1.1 Transmitter spurious emissions, Mandatory Requirements
	9 kHz < f ≤ 4 GHz: ±2.0 dB

4 GHz < f ≤ 19 GHz: ±4.0 dB

19 GHz < f ≤ 26 GHz: ±4.5 dB
	

	6.6.5.5.1.2 Transmitter spurious emissions, Protection of BS receiver
	±3.0 dB
	

	6.6.5.5.1.3 Transmitter spurious emissions, Additional spurious emission requirements
	±2.0 dB for > -60 dBm, f ≤ 3 GHz

±2.5 dB, 3 GHz < f ≤ 4.2 GHz

±3.0 dB, 4.2 GHz < f ≤ 6 GHz
±3.0 dB for ≤ -60 dBm, f ≤ 3 GHz

±3.5 dB, 3 GHz < f ≤ 4.2 GHz

±4.0 dB, 4.2 GHz < f ≤ 6 GHz
±4.0 dB, for bands n46 and n96
	

	6.6.5.2.4 Transmitter spurious emissions, Co-location
	±3.0 dB
	

	6.7 Transmitter intermodulation

(interferer requirements)

This tolerance applies to the stimulus and not the measurements defined in 6.6.3, 6.6.4 and 6.6.5
	The value below applies only to the interfering signal and is unrelated to the measurement uncertainty of the tests in 6.6.3 (ACLR), 6.6.4 (OBUE) and 6.6.5 (spurious emissions)  which have to be carried out in the presence of the interferer.

±1.0 dB
	The uncertainty of interferer has double the effect on the result due to the frequency offset

	NOTE:
Test system uncertainty values for 4.2 GHz < f ≤ 6 GHz apply for BS operates in licensed spectrum only.


4.1.2.3
Measurement of receiver
Table 4.1.2.3-1: Maximum Test System Uncertainty for receiver tests

	Clause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	7.2
Reference sensitivity level
	±0.7 dB, f ≤ 3 GHz

±1.0 dB, 3 GHz < f ≤ 4.2 GHz

±1.2 dB, 4.2 GHz < f ≤ 6 GHz
±1.5 dB, for bands n46 and n96
	

	7.3
Dynamic range
	±0.3 dB
	

	7.4.1 Adjacent channel selectivity 
	±1.4 dB, f ≤ 3 GHz

±1.8 dB, 3 GHz < f ≤ 4.2 GHz

±2.1 dB, 4.2 GHz < f ≤ 6 GHz (Note 2)
±2.5 dB, for bands n46 and n96
	Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Additional impact of interferer leakage


Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The interferer leakage effect is systematic, and is added arithmetically.


Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2) + leakage effect.

f ≤ 3 GHz

Wanted signal level ±0.7 dB

Interferer signal level ±0.7 dB

3 GHz < f ≤ 4.2 GHz

Wanted signal level ±1.0 dB

Interferer signal level ±1.0 dB

4.2 GHz < f ≤ 6 GHz

Wanted signal level ±1.22 dB

Interferer signal level ±1.22 dB
Bands n46 and n96
Wanted signal level ± 1.5dB

Interferer signal level ± 1.8dB
f ≤ 6 GHz

Impact of interferer leakage 0.4 dB

	7.4.2.4.2 In-band blocking (General blocking)
	±1.6 dB, f ≤ 3 GHz

±2.0 dB, 3 GHz < f ≤ 4.2 GHz

±2.2 dB, 4.2 GHz < f ≤ 6 GHz (Note 2)
±2.7 dB, for bands n46 and n96

	

	7.4.2.4.3 In-band blocking
(Narrow band blocking)
	±1.4 dB, f ≤ 3 GHz

±1.8 dB, 3 GHz < f ≤ 4.2 GHz

±2.1 dB, 4.2 GHz < f ≤ 6 GHz (Note 2)
	

	7.5.5.1 Out-of-band blocking (General requirements)
	fwanted ≤ 3GHz

1MHz < finterferer ≤ 3 GHz: ±1.3 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±1.5 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.2 dB

3GHz < fwanted ≤ 4.2GHz:

1MHz < finterferer ≤ 3 GHz: ±1.5 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±1.7 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.3 dB

4.2GHz < fwanted ≤ 6.0GHz:

1MHz < finterferer ≤ 3 GHz: ±1.7 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±1.8 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.3 dB
fwanted: for bands n46 and n96 

1MHz < finterferer ≤ 3 GHz: ±1.9 dB

3.0GHz < finterferer ≤ 4.2 GHz: ±2.0 dB

4.2GHz < finterferer ≤ 12.75 GHz: ±3.5 dB
	Overall system uncertainty comprises three quantities:

1. Wanted signal level error

2. Interferer signal level error

3. Interferer broadband noise

Items 1 and 2 are assumed to be uncorrelated so can be root sum squared to provide the ratio error of the two signals. The Interferer Broadband noise effect is systematic, and is added arithmetically.

Test System uncertainty = SQRT (wanted_level_error2 + interferer_level_error2) + Broadband noise effect.

Out of band blocking, using CW interferer:

Wanted signal level:

±0.7 dB up to 3 GHz

±1.0 dB up to 4.2 GHz

±1.22 dB up to 6 GHz

Interferer signal level:

±1.0 dB up to 3 GHz

±1.2 dB up to 4.2 GHz

±3.0 dB up to 12.75 GHz

Impact of interferer Broadband noise 0.1 dB 

	7.5.5.2 Out-of-band blocking (Co-location requirements)
	Co-location blocking, using CW interferer:

±2.5 dB, f ≤ 3.0 GHz

±2.6 dB, 3.0 GHz < f ≤ 4.2 GHz

±2.7 dB, 4.2 GHz < f ≤ 6.0 GHz
±2.9 dB, for bands n46 and n96
	Co-location blocking, using CW interferer:

f ≤ 3.0 GHz

Wanted signal level ± 0.7 dB

3.0 GHz < f ≤ 4.2 GHz

Wanted signal level ± 1.0dB

4.2 GHz < f ≤ 6.0 GHz

Wanted signal level ± 1.22 dB

For bands n46 and n96
Wanted signal level ± 1.5 dB

f ≤ 6.0 GHz

Interferer signal level:

± 2.0 dB
Interferer signal level for band n46 and n96:

± 2.0 dB

Interferer ACLR not applicable

Impact of interferer Broadband noise 0.4 dB

	7.6 Receiver spurious emissions
	30 MHz ≤ f ≤ 4 GHz: ±2.0 dB

4 GHz < f ≤ 19 GHz: ±4.0 dB

19 GHz < f ≤ 26 GHz: ±4.5 dB
	

	7.7 Receiver intermodulation 
	±1.8 dB, f ≤ 3.0 GHz

±2.4 dB, 3.0 GHz < f ≤ 4.2 GHz

±3.0 dB, 4.2 GHz < f ≤ 6.0 GHz (Note 2)
±3.3 dB, for bands n46 and n96
	Overall system uncertainty comprises four quantities:

1. Wanted signal level error

2. CW Interferer level error

3. Modulated Interferer level error

4. Impact of interferer ACLR

The effect of the closer CW signal has twice the effect.

Items 1, 2 and 3 are assumed to be uncorrelated so can be root sum squared to provide the combined effect of the three signals. The interferer ACLR effect is systematic, and is added arithmetically.

Test System uncertainty = SQRT [(2 x CW_level_error)2 +(mod interferer_level_error)2 +(wanted signal_level_error)2] + ACLR effect.

f ≤ 3.0 GHz

Wanted signal level ± 0.7dB

CW interferer level ± 0.5 dB

Mod interferer level ± 0.7 dB

3.0 GHz < f ≤ 4.2 GHz

Wanted signal level ± 1.0 dB

CW Interferer level ± 0.7 dB

Mod Interferer level ± 1.0 dB

4.2 GHz < f ≤ 6 GHz

Wanted signal level ± 1.22 dB

CW Interferer level ± 0.98 dB

Mod Interferer level ± 1.22 dB
For bands n46 and n96
Wanted signal level ± 1.5dB

CW Interferer level ± 1.0dB

Mod Interferer level ± 1.5dB
f ≤ 6 GHz
Impact of interferer ACLR 0.4 dB

	7.8 In-channel selectivity
	±1.4 dB, f ≤ 3 GHz

±1.8 dB, 3 GHz < f ≤ 4.2 GHz

±2.1 dB, 4.2 GHz < f ≤ 6 GHz (Note 2)
±2.5 dB, for bands n46 and n96
	

	NOTE 1:
Unless otherwise noted, only the Test System stimulus error is considered here. The effect of errors in the throughput measurements due to finite test duration is not considered.
NOTE 2:
Test system uncertainty values for 4.2 GHz < f ≤ 6 GHz apply for BS operates in licensed spectrum only.


3. Conclusion

In this contribution we continue discussion on NR-U measurement uncertainties for BS conformance tests. We have made following proposal:
Proposal 1: It proposed to reuse LAA measurements uncertainties for band n46.

Proposal 2: It proposed to apply LAA measurements uncertainties for band n96.
Proposal 3. It is proposed to introduce to NR-U test specification references of Maximum Test System Uncertainty with direct reference to bands n46 and n96.
Proposal 4. It is proposed to introduce to specification values as presented in tables above.
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