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1 Introduction

This contribution further discusses other FR2 requirements (i.e., apart from power and unwanted emissions, which are discussed in other agenda items) based on the WF from RAN4#100-e.
2 EVM
At full output power, the EVM relates to the linearity of the repeater amplifier. Repeater EVM adds additional degradation to the transmission link, which includes transmitter EVM and receiver EVM. However, if the input SNR to the repeater is the limiting factor then the repeater EVM will not cause a significant degradation to the link budget.

The two tables below depict link budget degradation for different levels of SNR and receiver EVM. It is assumed in these tables that the repeater EVM is the same as the BS EVM for the respective modulation order. We also assume that the repeater-BS link consists of a directional antenna and is designed to have very high SNR. For the repeater-UE link, several SNR values are considered. It is rather unlikely that the repeater-UE SNR is very large, since this would require the UE to be very close to the repeater. Considering that the repeater does not have dynamic beamforming, high SNR is unlikely. It can be seen that even with extremely high UE-repeater SNR, the degradation caused by the repeater with a realistic assumption for receiver EVM is around 1.5 – 2dB. If the SNR at the input to the repeater is good but not extreme then the degradation becomes small.

	UE-Repeater SNR
	Repeater-BS SNR
	Degradation with 0% RX EVM
	Degradation with 2% RX EVM
	Degradation with 3.5% RX EVM

	35dB
	35dB
	2.2dB
	1.9dB
	1.4dB

	30dB
	35dB
	1.7dB
	1.5dB
	1.2dB

	25dB
	35dB
	1dB
	0.9dB
	0.8dB

	20dB
	35dB
	0.4dB
	0.4dB
	0.4dB


	UE-Repeater SNR
	Repeater-BS SNR
	Degradation with 0% RX EVM
	Degradation with 6% RX EVM
	Degradation with 8% RX EVM

	25dB
	25dB
	1.8dB
	1.4dB
	1.3dB

	20dB
	25dB
	1.2dB
	1.1dB
	1dB

	15dB
	25dB
	0.6dB
	0.6dB
	0.5dB

	10dB
	25dB
	0.25dB
	0.25dB
	0.25dB


Although not depicted in the tables, if the repeater-BS link would have lower SNR then similarly the repeater EVM would cause a lower SNR degradation to the overall link.

Considering that the repeater is deployed in coverage limited scenarios it is to be expected that situations in which the repeater-UE link (and also the repeater – BS link) is extremely high SNR are likely to be corner cases. For most scenarios, setting the EVM equal to the existing EVM for BS/UE is reasonable, as it would not make sense to burden the repeater with increased linearity requirements for a limited scenario.

If there is a concern that there may be a scenario in which extremely high SNR is always achieved on both links, then an optional more stringent EVM could be introduced for repeaters specifically designed for such scenarios.

Proposal 1: Introduce EVM limits of 3.5% (optional) and 8%

Proposal 2: Discuss further whether an optional EVM limit of lower than 3.5% is needed for repeaters designed for very specific scenarios for which the SNR for both links is very high.
During the previous meeting, the usefulness of an EVM requirement corresponding to low SNR conditions was discussed. This may be applicable for e.g. IoT scenarios extending basic coverage. Such scenarios may be less likely in FR2 than is the case for FR1. On the other hand, adding an optional low EVM in the specification does not carry any significant cost.
3 Noise factor
During previous meetings, it has been proposed that a requirement should be set relating to noise factor within the repeater. The repeater internal noise could cause two undesirable effects; it would degrade the SNR at the input of the repeater (by introducing more noise) and it may cause the repeater output to transmit energy even with no input signal applied.
Several possibilities were discussed for setting a requirement relating to noise factor; these include direct measurement of noise factor, measurement of the level of output power when there is no input or via EVM.

EVM relates directly to the SNR floor introduced in the output signal. When EVM is tested with a high output power, distortion is caused by PA non-linearity and IM products. If EVM is tested with a low input signal level then the SNR floor will be caused by the repeater internal noise. EVM can be easily related to the level of distortion that is tolerable for different modulation levels, and in our view defining and measuring EVM with a low input signal level is a good method for regulating noise figure.

In order to test both PA linearity and noise figure, the EVM can be defined and measured at both a maximum and a minimum input power.

Proposal 3: The EVM conformance test should be defined with maximum input power and also minimum input power.

If the target Noise Factor is NF and the EVM level EVM, then it is straightforward to calculate the minimum output power level for the requirement:

Minimum input signal = 10*log(EVM^-2)-174+NF+10*log10(Bandwidth)

As an example, with 10dB NF, for an EVM of 3.5% and a signal bandwidth of 100MHz, the minimum input signal level should be -54dBm. For 8% EVM, the minimum input signal level (for 10MHz) should be -62 dBm.

Proposal 4: Calculate the minimum input power level for the EVM test based on the EVM, Noise Factor and signal bandwidth (potentially with a margin for any other factors).

If the NF is captured through testing EVM then it will be sufficiently low to avoid creating interference to the system with no input signal and no further noise factor test is needed.

4 Input intermodulation

During RAN4#100-e, it was agreed that the input intermodulation requirement would be based on a CW and a modulated signal, but the bandwidth and signal levels were left open. 
Regarding the bandwidth, we propose [50] MHz.

Proposal 5: For RX IM, set the modulated signal bandwidth to [50] MHz
To decide the CW power levels, it is useful to consider the FR2 blocking requirement. The requirement states that a blocker signal may be expected up to EISREFSENS_50MHz + 33 dB. The blocking level is based upon co-existence simulations of adjacent carriers. Since the blocking level relates to the expected power from adjacent carriers, it is a useful guide to set the power level.  However, for a repeater there is no obvious EISREFSENS_50MHz. To set a consistent requirement, we propose that an assumption is made that the EISREFSENS_50MHz is [-103] dBm. Then interferer power would be -103 + 33 = -70dBm.

 Proposal 6: For RX IM, set the power to [-70] dBm.

5 ACRR and out of band gain

ACRR and out of band gain are related to one another, and also related to the interference created towards other systems. Although it is discussed in another document, ACLR is also related to ACRR and out of band gain.

A repeater can create interference towards other systems in 3 ways:

1. When amplifying the wanted signal within the passband, non-linearities in the repeater PA can cause emissions in adjacent channels. These emissions are generated within the repeater. The ACLR and OBUE requirements regulate the amount of emissions that may be generated by the repeater outside of the passband when a wanted signal is applied in the passband.

2. A nearby transmitter that transmits on a frequency outside of the passband may be amplified and distorted by the repeater. Outside of the passband, the gain and phase characteristics of the repeater may be unpredictable and may cause distortion to the amplified signal. Hence, the re-amplified signal may be seen as interference.

3. A nearby transmitter may itself have unwanted emissions outside of the passband that are re-amplified by the repeater.

The carrier of another operator outside of the passband may in principle be received with as much power as the wanted carrier. Unwanted emissions from another source should be lower power, and presumably be received with a lower power level.

The ACLR requirement sets a maximum ratio of the wanted carrier RX power and the unwanted emissions in the adjacent channel (or alternatively sets a requirement on the absolute level of emissions in the adjacent channel when a wanted signal is applied at maximum power in the passband). Considering the ACRR, if a signal is applied at the maximum expected power just outside of the passband and the ratio of the level of re-amplified signal from the repeater to the power of the input signal (i.e. ACRR) is equal to the ACLR, then the power of the re-amplified interference signal will be no worse than emissions from the repeater PA.

Observation 1: If the level of the re-amplified signal relative to an input signal outside of the passband (i.e. ACRR) is equal to the ACLR then the impact of the re-amplified signal will be no worse than that of adjacent channel emissions from the repeater PA.

It is important to consider that the repeater may generate both unwanted emissions from its own PA and re-amplify/distort another carrier simultaneously. If the ACLR and ACRR are measured independently and just meet the limit in each case then the total power in the adjacent channel due to other sources may exceed the emissions from another network node such as a basestation. 

It is possible to devise a requirement that would regulate both unwated emissions and re-radiated carriers by means of applying input signals both (i) in the passband and (ii) just outside of the passband simultaneously and measuring the power of the repeater output outside of the passband.

Observation 2: It is possible to devise a requirement that simultaneously regulates ACLR and ACRR by means of applying an input signal both in the passband and just outside of the passband simultaneously and measuring the output power of the repeater in the adjacent channel.

A third source of interference in the adjacent channel can arise from the repeater amplifying unwanted emissions from another nearby transmitter. Assuming that the nearby transmitter meets the unwanted emissions requirements then the re-amplified emissions at the output of the repeater will be lower than the emissions requirements if the amplification within the repeater is lower than the pathloss between the other unwanted emissions source and the repeater. In [1], it was demonstrated that for FR2, a maximum out of band gain of around 30-40 dB is sufficient to ensure that re-amplified unwanted emissions will remain below the unwanted emissions limit.

Observation 3: Out of band gain can mitigate re-radiated unwanted emissions if the maximum gain is 30dB or lower.
Unlike the ACLR requirement, OBUE is specified with a finer frequency granularity in order to avoid high PSD narrowband emissions. In a similar manner, out of band gain should be specified with a finer frequency granularity than ACRR.

Proposal 7: Out of band gain should be specified with a finer granularity than ACRR.
For OBUE requirements, the requirement is more relaxed close to the carrier than it is further away from the carrier due to the limitations of filtering close to the carrier. For out of band gain, a similar approach may be needed.

Observation 4: Out of band gain may need to be relaxed somewhat for frequencies close to the passband due to filtering limitations.

As long as an ACRR requirement or combined ACLR/ACRR requirement is defined then in principle the issue of re-amplification / distortion of other carriers is taken care of. If the out of band gain is set such that the risk of re-amplification of distortion on other carriers is also covered then between the 3 requirements, all scenarios are covered. Even though the requirements all relate to emissions on the adjacent carrier, they can be defined independently.

On the other hand, it is also possible to scale the out of band emissions requirement so that it represents whichever is the worst case out of the ACRR requirement and the maximum out of band gain needed to prevent re-amplification of unwanted emissions from other sources. It is also viable, but not necessary to relate the two requirements.

Proposal 10: Discuss further whether to set requirements on ACRR and out of band gain independently or whether to relate them.
6 Conclusion

Proposal 1: Introduce EVM limits of 3.5% (optional) and 8%

Proposal 2: Discuss further whether an optional EVM limit of lower than 3.5% is needed for repeaters designed for very specific scenarios for which the SNR for both links is very high.
Proposal 3: The EVM conformance test should be defined with maximum input power and also minimum input power.

Proposal 4: Calculate the minimum input power level for the EVM test based on the EVM, Noise Factor and signal bandwidth (potentially with a margin for any other factors).

Proposal 5: For RX IM, set the modulated signal bandwidth to [50] MHz
Proposal 6: For RX IM, set the CW power to [-70] dBm.

Proposal 7: Out of band gain should be specified with a finer granularity than ACRR.
Proposal 10: Discuss further whether to set requirements on ACRR and out of band gain independently or whether to relate them.
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