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1 Introduction

This contribution considers some aspects relating to conducted conformance testing for unwanted emissions.
2 Discussion
2.1.1 Test procedure descriptions
Unlike a basestation or a UE, testing of a repeater consists of applying a signal at an input port and measuring at one or more output ports.

This implies that the test descriptions and test procedures need to be written differently to the basestation conformance specification in that the procedure must describe both the setup and procedure at the input as well as at the output.

Observation 1: The repeater conducted conformance specification needs to describe the setup and procedures both at the input and ad the output.

2.1.2 Measurement uncertainty principles

Unwanted emissions should be measured with the repeater operating at maximum output power. In order to ensure that this is achieved, the input power should be adjusted so that maximum output power is achieved. This is easily achieved by testing with the minimum input level for maximum output power +10dB. No allowance should be made for any uncertainty with the input power level, since it should be set high enough that maximum output power is achieved.
Proposal 1: MU should be similar to BS unwanted emissions MU and should not take account of the input signal.
2.1.3 Impact of test equipment noise

For the ACLR and emissions requirements, it is necessary to measure emissions power levels outside of the passband. As well as generating emissions itself (due to e.g., PA non-linearities), the repeater will to some extent amplify any unwanted emissions from the test gear outside of the passband. It is important that any amplified emissions from the test equipment at the repeater output is at a level that is insignificant when compared to the emissions limits for the repeater itself.
When measuring ACLR, test equipment emissions in the adjacent channel may be amplified by the repeater. The ratio between the gain in the passband and the gain in the adjacent channel will be equivalent to the ACLR. The total level of amplified emissions from the test equipment will be equivalent to the test equipment ACLR plus the repeater ACRR. 
That is to say:

· Limit on repeater generated emissions = Repeater output power – Repeater ACLR

· Amplified Test Equipment emissions = TE output power + repeater gain - TE ACLR – ACRR = Repeater output power – TE ACLR – ACRR

The difference between the repeater unwanted emissions limit and the amplified TE emissions will be:

(- Repeater ACLR) + (TE ACLR) + (Repeater ACRR) 

Thus, the ratio of ACLR limit on the repeater to total amplified emissions from the test equipment will be significantly greater than the repeater ACLR limit and will not impact the measurement.

When measuring OBUE, it is important that any TE noise that is amplified through the repeater is well below the requirement level. Out of band gain can be as high as 60dB for up to 4MHz from the edge of the passband for some bands:

Table 6.4.2-1: Out of band gain limits 1 for bands below 2496 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	0,2 ( f_offset_CW < 1,0 MHz
	60 dB

	1,0 ( f_offset_CW < 5,0 MHz
	45 dB

	5,0 ( f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz ( f_offset_CW
	35 dB


Table 6.4.2-2: Out of band gain limits 1 for bands above 2496 MHz
	Frequency offset, f_offset_CW
	Maximum gain

	[0,2] < f_offset_CW < 4,0 MHz
	60 dB

	4,0 < f_offset_CW < 15,0 MHz
	45 dB

	15,0 MHz < f_offset_CW
	35 dB


 The OBUE at this offset is around -13dBm/100kHz for WA:

	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirements (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

min(10 MHz, (fmax)
	5.05 MHz ( f_offset <

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 3)
	100 kHz 

	NOTE 1:
For a repeater type 1-C supporting non-contiguous spectrum operation within any operating band, the emission limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passband, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the gap between passband, where the emission limits within gaps between passbands shall be ‑13 dBm/1 MHz.
NOTE 2:
For a multi-band connector with inter-passband gap < 2*ΔfOBUE the emission limits within the inter-passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on each side of the inter-passband gap, where the contribution from the far-end sub-block or passband shall be scaled according to the measurement bandwidth of the near-end sub-block or passband.

NOTE 3:
The requirement is not applicable when (fmax < 10 MHz.


	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirements (Note 1, 2)
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f <

min(10 MHz, (fmax)
	5.05 MHz ( f_offset <

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm (Note 3)
	1MHz 

	NOTE 1:
For a repeater type 1-C supporting non-contiguous spectrum operation within any operating band, the emission limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passband, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the gap between passband, where the emission limits within gaps between passbands shall be ‑15 dBm/1 MHz.

NOTE 2:
For a multi-band connector with inter-passband gap < 2*ΔfOBUE the emission limits within the inter-passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on each side of the inter-passband gap, where the contribution from the far-end sub-block or passband shall be scaled according to the measurement bandwidth of the near-end sub-block or passband.

NOTE 3:
The requirement is not applicable when (fmax < 10 MHz.


-13dBm/MHz corresponds to -3dBm/MHz at the repeater output. The input signal noise level must thus be well below -63dBm/MHz to avoid that amplified TE noise contributes significantly to the measurement. Assuming a powerful repeater with 43dBm output power and 90dB gain, the wanted input signal level would be -47dBm (over at least 5MHz) and the emissions well below the wanted signal. The emissions level per MHz would be lower still, and thus it is not expected that amplified TE noise could interfere with the OBUE measurement.
Further away from the carrier in the spurious domain, the emissions requirement is for category B -30dBm/MHz, but the maximum repeater gain is 35dB. The TE output power should also be well below -65dBm/MHz in this range.

Observation 2: It is not expected that TE noise will impact the ACLR, OBUE or spurious emissions measurements.
Proposal 2: Confirm that any unwanted emissions from the test equipment will be well below -65dBm/MHz so that any amplified TE noise through the repeater will be negligible compared to the unwanted emissions limits.
3 Conclusion

Proposal 1: MU should be similar to BS unwanted emissions MU and should not take account of the input signal.
Proposal 2: Confirm that any unwanted emissions from the test equipment will be well below -65dBm/MHz so that any amplified TE noise through the repeater will be negligible compared to the unwanted emissions limits.
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