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1 Introduction
For the conducted requirements many of the measurement scenarios and measurement uncertainties have been considered for the E-UTRA repeater and captured in TS 36.143. The NR conducted repeater requirements cover a wider frequency range and have some additional requirements which need considering.
This paper looks at some of the issues for calculating the repeater MU values.
2 Discussion
Whilst the repeater has both RF inputs and outputs, most of the requirements are based on output power measurement and are specified at [articular output power levels. As such the input power and the repeater gain do not contribute to the MU of the output power measurement in most cases. As such we can see form the MU values for the E-UTRA repeater they are very similar to the BS. 
The MU values in TS 36.143 are as follows:
	Subclause
	Maximum Test System Uncertainty and Range over which Test System Uncertainty applies
	Equivalent MU from 38.141-1

	6 Output power
	±0,7 dB, f ≤ 3.0 GHz
±1,0 dB, 3.0 GHz < f ≤ 4.2 GHz
	±0.7 dB, f ≤ 3 GHz
±1.0 dB, 3 GHz < f ≤ 6 GHz (Note)
±1.5 dB, for bands n46, n96 and n102

	7 Frequency stability
	±12 Hz
Measurement results of  500 Hz 
	± 12 Hz

	8 Out of band gain
	±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 
	No equivalent

	9.1 Operating band unwanted emission
(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]
	±1.5 dB, f ≤ 3 GHz
±1.8 dB, 3 GHz < f ≤ 6 GHz (Note)
±2.2 dB, for bands n46, n96 and n102

	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
	±3.0 dB

	9.2 Spurious emissions
	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]
	9 kHz < f ≤ 4 GHz: ±2.0 dB
4 GHz < f ≤ 19 GHz: ±4.0 dB
19 GHz < f ≤ 26 GHz: ±4.5 dB

	10 Error vector magnitude
	1% signal analyser, 
2% stimulus signal 
Requirement limit shifted by RSS requirement and stimulus signal EVM. Analyser error added to requirement limit.
	 ± 1% 

	11 Input intermodulation
	±1,2 dB
Formula: RSS CW1 level error, 2 x CW2 level error, and measurement error (using all errors = ±0,5 dB)
	No equivalent

	12 Output intermodulation
	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.

Formula: RSS 2x Interference signal level error and operating band unwanted emission measurement level error. 
(1 dB interference signal level error is assumed.)
	Similar to BS output intermodulation the unwanted emissions requirement are used.

	13 Adjacent channel rejection ratio
	0,7 dB 
	No equivalent



In addition we have the ON/OFF requirement and ACLR
ON/OFF is both a time requirement and a power measurement requirement. For the BS we consider the power measurement accuracy for the OFF power. The same can be used here.
ACLR is a power measurement requirement and the same values can be used as the BS.
There are a number of repeater requirement which have no BS equivalent and do not extend up to 6GHz in the E-UTRA repeater spec.

Out of band gain – this is a gain measurement and for repeater is given as:
±0,5 dB, f ≤ 3.0 GHz
±0,8 dB, 3.0 GHz < f ≤ 4.2 GHz
The BS extended the 4.2 GHz MU values up to 6GHz so it seems reasonable to do the same for the repeater.

Input intermodulation – this is an output power measurement. For the repeater there is no frequency response the current value is derived from the accuracy of the CW source for the interfering signals (there are 2 of these so the MU as added RSS) plus the measurement accuracy. All values are estimated at 0.5dB
	+0.5=1.2dB
This is not completely consistent consistent with how we have ben calculating MU for the BS where we use the 1sugnam for each or the sources add RSS and multiply by 1.96 to get the 95% confidence.
The signal gen is accurate to 0.465 and the measurement equipment to 0.26dB so we would get:
*1.96=1.4dB
This ignores any other contributing factors.
Below 3GHz the measurement MU is 0.14 giving a total of 1.3dB
With the latest BS calculations the 4.2 to 6GHz values are the same as 3 to 4.2GHz so in this case we could use the existing repeater requirement up to 6GHz or recalculate using the latest TE values.
Adjacent channel rejection ratio – there is no BS equivalent requirement. The requirement is a ratio between 2 power levels so many of the MU values cancel out. As such it is probably ok to use the existing repeater value of 0.7dB up to 6GHz
The following MU are suggested:
	Subclause
	Maximum Test System Uncertainty and Range over which Test System Uncertainty applies

	6.2 Output power
	±0.7 dB, f ≤ 3 GHz
±1.0 dB, 3 GHz < f ≤ 6 GHz (Note)
±1.5 dB, for bands n46, n96 and n102

	6.3 Frequency stability
	±12 Hz
Measurement results of  500 Hz 

	6.4 Out of band gain
	±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 

	6.5.2 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, n96 and n102


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, n96 and n102
(Note)

	6.5.3 Operating band unwanted emission
(except 9.1.5.4)
	±1.5 dB, f ≤ 3 GHz
±1.8 dB, 3 GHz < f ≤ 6 GHz (Note)
±2.2 dB, for bands n46, n96 and 
The interference from the signal generator ACLR shall be minimum 10 dB below that of a Base Station according toTS36.141 [11]

	6.5.4.2.1 General Spurious emissions
	9 kHz < f ≤ 4 GHz: ±2.0 dB
4 GHz < f ≤ 19 GHz: ±4.0 dB
19 GHz < f ≤ 26 GHz: ±4.5 dB 


	6.5.4.2.2	Additional spurious emissions 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


	6.5.4.2.3	Co-location with base stations and repeater type 1-C Nodes
	±3.0 dB

	6.6 Error vector magnitude
	1% signal analyser, 
2% stimulus signal 
Requirement limit shifted by RSS requirement and stimulus signal EVM. Analyser error added to requirement limit.

	6.7 Input intermodulation
	±1.3 dB, f ≤ 3 GHz
±1.4 dB, 3 GHz < f ≤ 6 GHz 


	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

	6.9 Adjacent channel rejection ratio
	0,7 dB 

	6.10 Transmit ON/OF power
	Transmit OFF power 
±2.0 dB , f ≤ 3 GHz
±2.5 dB, 3 GHz < f ≤ 6 GHz (Note)
±3 dB, for bands n46, n96 and n102



Summary
The MU values for the E-UTRA repeater have been studied alongside the BS MU calculations. Actions to extend the frequency range to 6GHz have been suggested and also MU values for the additional NR repeater requirements have been suggested.
A set of NR repeater MU values have been suggested in a table (above)
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