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1	Introduction
During RAN4#104bis-e, it was agreed to revise the spectral purity requirement for repeater testing. This contribution presents some further assumptions on spectral purity requirements.
[bookmark: _Ref178064866]2	Discussion
The spectral purity requirements are primarily needed for the ACLR and OBUE tests. If the TE would generate too large a level of unwanted emissions, then the repeater may amplify the unwanted emissions of the TE and apparently fail the requirement during the measurement. Such a fail would be unreasonable if it would not be the emissions from the repeater itself, but rather re-amplified emissions from the TE that would lead to the requirement failure since the purpose of the ACLR and OBUE requirements is to test emissions generated within the repeater.
In order to avoid the TE unwanted emissions causing false fails, the level of emissions from the TE at the output of the repeater needs to be significantly lower than the OBUE and ACLR requirement levels. For the purpose of this contribution, we assume the TE output to be 20dB below the requirement levels, but we are open to discuss whether a larger level of TE emissions (i.e. less than 20dB margin) could be acceptable.
RAN4 to discuss whether 20dB is reasonable for a target for which the TE emissions should be below the requirement levels at the repeater output.

During RAN4#104bis-e, it was suggested that a relative requirement for TE emissions compared to TE wanted output power level could be desirable. This is the approach for FR1 for the first 200kHz after the carrier. One problem with such an approach is that the wanted output level for the repeater may differ between different vendors. A generic requirement could have to assume the highest possible wanted output power level for the repeater, and to convert the output power level to an input power level assume the lowest expected gain for a repeater. Such a generic approach may lead to an excessive requirement on the TE though.
The repeater gain for FR2 is not defined for the first 10% of the contiguous bandwidth. If it is assumed that the gain in this region can be as large as the passband then a relative spectral purity requirement would need to be based on the ratio of highest expected repeater output power to the most stringent requirement. The -13dBm/MHz ACLR requirement is the most stringent. Assuming that the noise level from the repeater should be at least -23dBm if not -33dBm, then if the maximum expected repeater output power would be 30dBm then the relative suppression would need to be 53 - 63dB; for 40dBm then the suppression would need to be 63 - 73dBc. Such levels of suppression may prove difficult for TE and feedback is welcome.
If a relative spectral purity requirement is defined in the first 10% of cumulative bandwidth in the same manner as FR1, to be sure of a clean enough signal even for high power repeaters, the suppression would need to be in the order of 53-70dBc.
[bookmark: _Hlk117758241]An alternative could be to use the difference between the declared output power level and the emissions requirement level to dimension the TE requirement. In this case, the requirement could be written as Pout – (-13 dBm) + [20] dB. However, unless the repeater would have very low output power then the relative suppression requirement may still prove excessive.
[bookmark: _Hlk117769308]A relative spectral purity requirement in the first 10% could be written as Pout – (-13 dBm) + [20] dBc. However, the relative requirement may still prove excessive.

An absolute requirement at the repeater input assuming 90dB repeater gain would be -13 dBm – [20] dB – 90dB = -123 dBm/MHz. This is below the noise floor. For a repeater with 90dB gain in the first 10%, the problem would exist that amplified thermal noise would lead to the requirement being failed.

To provide a TE spectral purity requirement suitable for meeting OBUE requirements, we take the most stringent part of the OBUE or ACLR requirement and take into account repeater OOB gain.

	Frequency range
	Lowest OBUE or ACLR requirement level
	Repeater OOB gain in range
	Repeater input spectral purity requirement (at antenna boundary)

	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	-13 dBm / MHz
	Assume 90dB
	-123 dBm/MHz

	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	-20 dBm / MHz
	Assume 68dB
	-108dBm/MHz

	fB +5 MHz  f_offset < f_ offsetmax
	-5 dBm / 10MHz
	Assume 55dB
	-85dBm/10MHz



As can be seen from the table above:
· The first requirement in the table, for 0-0.1* BWcontiguous is excessive. This is due to the assumption of 90dB OOB gain and 20dB degradation. With assumptions of lower gain and degradation it could be made less excessive
· The other requirements levels actually increase further in frequency from the carrier. This is due to the decreasing OOB gain from the repeater.

The first row of the requirement, with -123 dBm/MHz is excessive and is below the thermal noise floor. Even if 10dB headroom would be allowed, the requirement would still be excessive. Possibly FR2 repeaters may have lower gain; the frequency range is not within the passband and 90dB may anyhow be an overestimate of FR2 repeater gain. If this is not the case, then measurement of OBUE for the first 10% of the contiguous bandwidth may be problematic. Also, it should be noted that the OBUE “requirement” column shows the lowest possible OBUE level that would need to be measured within the frequency range, which would be at the edge of the frequency range. Closer to the carrier and with higher power repeater, the requirement level to be measured may be a few dB greater.
RAN4 discuss testability of OBUE for the first section. Possibly testability may be feasible for repeaters with lower gain than 90dB in this frequency range.

Since the spectral purity requirement level increases with frequency, it is sufficient to set a single requirement level over all frequency based on the first or second requirement levels. 
For measuring ACLR, there may also exist a testability issue for the first part of the adjacent carrier. Within the first 10% of contiguous bandwidth, if the gain is as high as 90dB then to measure the absolute ACLR level of -13dBm/MHz, the spectrum purity needs to be around -113 to -123 dBm/MHz.
ACLR may in some circumstances be difficult to test close to the carrier.

The potential testability issues with ACLR and OBUE highlighted in this contribution only occur for repeaters in certain circumstances that have 90dB gain just outside of the carrier. To label part of ACLR as not testable would be a fairly serious issue for ensuring co-existence. If there proves to be a testability issue with certain configurations, it would be good to find a means of ensuring that all repeaters for which the requirement is testable are still tested, rather than labelling the range as generally untestable.

Based on these observations, we propose the following:
A single requirement level is set for the spectrum purity for offsets above 10% of the contiguous bandwidth. As a proposal, [-104]dBm/MHz (10dB above the noise floor) is proposed.
All requirements are assumed to be tested, but if needed RAN4 identifies a means to describe in the specification specific circumstances (in terms of repeater gain and power) under which the first 10% BS_contiguous after the carrier is not testable.
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