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1. Introduction
The NR repeater RF requirements are closed in last RAN4 meeting. There’s one importance issue for the conformance test discussion which is test uncertainty. This contribution provides our analysis for the conducted test uncertainty for NR repeater. The test tolerance is also analyzed and proposed.
2. Discussion
2.1 Measurement system set-up
Most of the measurement system set-up can be inherited from either NR BS or E-UTRA repeater type 1-C. After comparing NR BS and E-UTRA repeater, reusing NR BS as much as possible may be simpler. For example, for NR BS, the transmitted power, EVM, frequency error are merged to one set-up, which is simpler than the E-UTRA approach. The followings are the proposal for repeater 
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Figure 1: Measuring system set-up for repeater type 1-C output power, frequency stability, EVM, unwanted emissions, ACRR
Note that a repeater is a bi-directional device. The signal generator may need protection.
There’s one issue for the TDD repeater EVM is that if the EVM for downlink and uplink are tested simultaneously, the set up for the EVM of TDD repeater need to be defined specifically. Figure 2 is a candidate set up for TDD repeater EVM test if specific set up is defined. 
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Figure 2: TDD repeater EVM test set up for simultaneous downlink and uplink test
This set up may need group delay information for the repeater to set up the timing of signal generator 1 and signal generator 2, i.e signal generator 2 for uplink need some time advance compared with the timing of signal generator 1. In the real network, signal generator 2 is UE which knows TA from BS. However, signal generator may not have such a function then the group delay information or a proper TA for the repeater is needed if Figure 2 is agreed as a set-up.
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Figure 3: Measuring system set-up for repeater type 1-C output intermodulation
Note that a repeater is a bi-directional device. The signal generator may need protection.

· Out of band gain


Figure 4: Measuring system set-up for out of band gain
Note that a repeater is a bi-directional device. The signal generator may need protection.

· Input intermodulation



Figure 5: Measuring system set-up for input intermodulation.
Note that a repeater is a bi-directional device. The signal generator may need protection.
2.2 Test uncertainty
[bookmark: _GoBack]In general, when the NR repeater requirements reuse BS requirements, the BS test uncertainty can be reused. For the NR repeater specific requirements, E-UTRA repeater test uncertainty can be reused with some frequency range adaption for NR. Table 1 shows the NR repeater test uncertainty consideration after considering of BS and E-UTRA repeater. For the NR repeater, there’re some requirements difference for downlink and uplink. However, as the test uncertainties are related to frequency or the requirements level, there will be no test uncertainty difference for the downlink and uplink.
In theory, the measurement uncertainty for repeater is greater than BS because there’s input signal for the output. However, comparing the test uncertainty of E-UTRA repeater and E-UTRA BS, there’s no extra uncertainty added to BS for most of the requirements. That means reusing BS test uncertainty for many of the repeater requirements are feasible. Thus through comparing the measurement uncertainties of NR BS and E-UTRA repeater in Table 1, Table 2 summarizes the test uncertainty proposals for NR conducted repeater.
Table 2: NR conducted repeater test uncertainty proposal
	Reuse BS test uncertainty
	Reuse E-UTRA repeater test uncertainty

	6.2 Repeater output power
6.5.2 Adjacent Channel Leakage Power Ratio
6.5.3 Operating band unwanted emissions
6.5.4 Transmitter spurious emissions
6.8 Output intermodulation
The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station.
The interference signal must have a spurious emission level at least 10 dB below the spurious levels required.
6.10.1 Transmitter OFF power
	6.3 Frequency stability
6.4 Out of band gain (update the frequency range as shown in Table 1)
6.6 Error vector magnitude
(No test for low power EVM)
6.7 Input intermodulation
6.7.1 General requirement
6.7.2 Co-location with BS/repeater in other systems
6.9 Adjacent Channel Rejection Ratio (ACRR)
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Table 1: NR repeater test uncertainty consideration
	Clause
	NR BS
	E-UTRA repeater
	NR repeater DL and UL

	6.2 Repeater 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

NOTE: Test system uncertainty values for 4.2 GHz < f ≤ 6 GHz apply for BS operates in licensed spectrum only.
	±0,7 dB, f ≤ 3.0 GHz
±1,0 dB, 3.0 GHz < f ≤ 4.2 GHz
	Reuse BS

	6.3 Frequency stability
	± 12 Hz
	±12 Hz
Measurement results of ±500 Hz 
	Reuse E-UTRA repeater

	6.4 Out of band gain
	No such requirement
	±0,5 dB, f ≤ 3.0 GHz
±0,8 dB, 3.0 GHz < f ≤ 4.2 GHz
Calibration of test set-up shall be made without DUT in order to achieve the accuracy
	Reuse E-UTRA repeater and update the frequency range.
±0,5 dB, f ≤ 3.0 GHz
±0,8 dB, 3.0 GHz < f ≤ 6 GHz
±1.3 dB, for bands n46 and n96
Calibration of test set-up shall be made without DUT in order to achieve the accuracy 

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

	6.5.2 Adjacent Channel Leakage Power Ratio
	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 
CACLR absolute power ±3 dB, for bands n46 and n96 (Note)
	No such requirement
	Reuse BS

	6.5.3 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
	(except 9.1.5.4)
±1,5 dB, f ≤ 3.0 GHz
±1,8 dB, 3.0 GHz < f ≤ 4.2 GHz
The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station according toTS36.141 [11]

9.1.5.4 Protection of the BS receiver in the operating band
for results > -60 dBm ±2,0 dB
for results < -60 dBm ±3,0 dB
	Reuse BS
The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station according toTS38.141-1

	6.5.4 Transmitter spurious emissions
	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

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

Transmitter spurious emissions, Co-location
±3.0 dB
	In E-UTRA and coexistence receive bands:
for results > -60 dBm ±2,0 dB
for results < -60 dBm ±3,0 dB

Outside above range:
emission power

9kHz < f <= 4 GHz  ±2,0 dB;
4GHz < f <= 19 GHz  ±4,0 dB.

The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station according to TS36.141 [11]
	Reuse BS

	6.6 Error vector magnitude
	± 1%
	1% signal analyser, 
2% stimulus signal
	Reuse E-UTRA repeater

	6.7 Input intermodulation
6.7.1 General requirement
	No such requirement
	±1,2 dB
	Reuse E-UTRA repeater

	6.7.2 Co-location with BS/repeater in other systems
	±3.0 dB
	±1,2 dB
	Reuse E-UTRA repeater

	6.8 Output intermodulation
	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
	±2,1 dB operating band unwanted emission

The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station 

For spurious emission:

In UTRA and coexistence receive bands:
for results > -60 dBm ±2,0 dB
for results < -60 dBm ±3,0 dB
Outside above range:
emission power;
9 kHz < f £ 4 GHz  ±2,0 dB;
4GHz < f £ 19 GHz  ±4,0 dB.

The interference signal must have a spurious emission level at least 10 dB below the spurious levels required in 9.2.
	Reuse BS
The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station.
The interference signal must have a spurious emission level at least 10 dB below the spurious levels required.

	6.9 Adjacent Channel Rejection Ratio (ACRR)
	No such requirement
	±0,7 dB
	Reuse E-UTRA repeater

	6.10.1 Transmitter OFF power
	±2.0 dB , f ≤ 3 GHz
±2.5 dB, 3 GHz < f ≤ 6 GHz (Note)
±3 dB, for bands n46 and n96
	No such requirement
	Reuse BS



2.3 Test tolerance
Similar to test uncertainty, the E-UTRA repeater and BS test tolerance are compared, then NR repeater TT are proposed.
Table 3: NR repeater test tolerance consideration
	Clause
	BS
	E-UTRA repeater
	NR repeater DL and UL

	6.2 Repeater output power
	Normal and extreme conditions:
0.7 dB, f ≤ 3.0 GHz
1.0 dB, 3.0 GHz < f ≤ 6GHz (Note)

NOTE 1:	TT values for 4.2 GHz < f ≤ 6.0 GHz apply for BS operates in licensed spectrum only.
	Normal and extreme conditions:
0.7 dB, f ≤ 3.0 GHz
1.0 dB, 3.0 GHz < f ≤ 4.2GHz
	Reuse BS

	6.3 Frequency stability
	12 Hz
	12 Hz
	Reuse E-UTRA repeater (the same as E-UTRA repeater)

	6.4 Out of band gain
	N/A
	0,5 dB for for f  3.0 GHz;
0.8 dB for 3.0 GHz < f  4.2GHz
	Reuse E-UTRA repeater and update the frequency range.
±0,5 dB, f ≤ 3.0 GHz
±0,8 dB, 3.0 GHz < f ≤ 6 GHz

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

	6.5.2 Adjacent Channel Leakage Power Ratio
	ACLR/CACLR:
 BW ≤ 20MHz:  0.8dB

 BW > 20MHz:  1.2 dB

Absolute ACLR/CACLR: 0 dB
	N/A
	Reuse BS

	6.5.3 Operating band unwanted emissions
	Offsets < 10MHz
1.5 dB, f ≤ 3.0GHz
1.8 dB, 3.0GHz < f ≤ 6GHz
[bookmark: OLE_LINK130][bookmark: OLE_LINK129](Note)

Offsets ≥ 10MHz
0dB
	
General requirements: 1,5 dB inside 2 x pass band BW < 10 MHz from pass band edge.
0 dB elsewhere in the operating band
0 dB on additional requirements, f ≤ 3.0 GHz

General requirements: 1,8 dB inside 2 x pass band BW < 10 MHz from pass band edge.
0,3 dB elsewhere in the operating band.
0,3 dB on additional requirements, 3.0 GHz < f ≤ 4.2 GHz
	Reuse E-UTRA repeater, update the frequency range to 6GHz

	6.5.4 Transmitter spurious emissions
	0dB
	0dB
	Reuse BS (the same as E-UTRA repeater)

	6.6 Error vector magnitude
	± 1%
	± 1.25 %
	Reuse E-UTRA repeater

	6.7 Input intermodulation
6.7.1 General requirement
	No such requirement
	±1,2 dB
	Reuse E-UTRA repeater

	6.7.2 Co-location with BS/repeater in other systems
	0dB
	±1,2 dB
	Reuse E-UTRA repeater

	6.8 Output intermodulation
	0dB
	As in 6.5.3 and 6.5.4
	Reuse E-UTRA repeater

	6.9 Adjacent Channel Rejection Ratio (ACRR)
	No such requirement
	±0,7 dB
	Reuse E-UTRA repeater

	6.10.1 Transient period
	N/A
	N/A
	N/A








Table 4: NR repeater TT proposal
	Reuse BS TT
	Reuse E-UTRA TT

	6.2 Repeater output power
6.5.2 Adjacent Channel Leakage Power Ratio
6.5.4 Transmitter spurious emissions
	6.3 Frequency stability
6.4 Out of band gain (update the frequency range as shown in Table 3)
6.5.3 Operating band unwanted emissions (update the frequency range as shown in Table 3)
6.6 Error vector magnitude
(No test for low power EVM)
6.7 Input intermodulation
6.7.1 General requirement
6.7.2 Co-location with BS/repeater in other systems
6.8 Output intermodulation
6.9 Adjacent Channel Rejection Ratio (ACRR)



3. Conclusion
This contribution provides our proposal for NR repeater test set-up, test uncertainty and test tolerance. The proposals are shown in Figure 1-5, Table 2 and Table 4.
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