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Introduction
During RAN4#101-e a number of issues were left open in regard to FR1 repeater emissions requirements. This contribution presents analysis and views for the issues.
[bookmark: _Ref178064866]Discussion
Uplink ACLR
Most issues relating to ACLR were resolved, apart from the ACLR to apply for the local area class, where it is not clear whether to apply the ACLR requirement for PC2 or PC3. The maximum declarable output power is 24dBm, which is greater than PC3 but less than PC2. Of course, a repeater may be declared with a lower output power than the maximum. It should be noted that for the IAB local area class, the BS ACLR limit of 45dB is applied.
The impact of the ACLR will very much depend on the repeater deployment scenario and antenna characteristics. The difference between the ACLR limits is 1dB and to be on the safer side it may be prudent to apply the more stringent limit.
Proposal 1: Local area UL ACLR is 31dB

In-passband EVM or OBUE requirement
During RAN4#101-e and previously, the need for a requirement relating to Noise Factor was discussed. Internal repeater noise could have two effects:

· The repeater noise could degrade the SNR for the signals when repeating
· If there is no input signal to the repeater, noise could cause unwanted emissions at the receiver output

[1] agreed the following Way Forward:

NF can be covered by the equivalent requirements with below options:
· Option 1: Perform EVM conformance test with minimum input power 
· Option 2: Absolute maximum output power with no input within part of passband e.g. inside passband OBUE
Only one option should be selected in the end from RAN4 core requirements aspect

If EVM is used to assess the noise figure, then the minimum input power is set such that with the targeted noise figure an EVM target should just be met. The minimum input power for the requirement could be calculated as follows:

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

Using EVM is a sufficient means to set a minimum requirement on the noise figure. EVM is anyhow measured at full input power. In our understanding, for the core requirement it is anyhow necessary to state the range of power levels over which EVM is valid. This is because, if the input power is below the “minimum level” stated above then the repeater may still be capable of amplifying the signal, but it would no longer meet the EVM.
Proposal 2: The core EVM requirement needs to capture an input power range over which EVM is valid. FFS power levels for conformance requirement.

For the conformance test, EVM should be measured with maximum input power. Regarding testing at minimum output power, this depends on whether EVM or maximum output power with no input is used as the metric.

Regarding output power with no input, the aim would be to ensure that the repeaters would not create interference within the network. This could occur for example in uplink where there is no nearby UE transmitting, or from a DL repeater whose donor is not active that is positioned near to the border of another cell. A requirement on output power with no input would capture the impact of both noise factor and gain. However, since repeater gain would be a design criterion, such a metric would not guarantee the noise factor on it’s own.
Observation 1: EVM with minimum output power can guarantee NF, but not NF+gain
Observation 2: Output power with no input can guarantee NF+gain (i.e., interference into the network) but not NF alone. Gain can include amplifier gain and antenna gain if the requirement is EIRP.

In the DL, if a repeater with no input signal causes interference towards nearby UEs (e.g. when it is near to a cell edge and the UEs are in a neighbor cell) then the impact of the interference should at least be lower than the level of adjacent channel interference from other operators basestations in order to avoid performance degradation. It must be bourn in mind that adjacent channel interference will still occur in addition to repeater interference, and so in principle the level of interference due to repeaters with no input should be lower than interference from adjacent channels. At least for WA BS, the OBUE requirement is more relaxed than adjacent channel interference requirements. However, relative ACLR does not make sense as a concept within the passband. Instead, the absolute ACLR requirement could be used as a minimum output power requirement with no input. The absolute ACLR requirement is -13 or -15dBm / MHz for a WA BS, -25dB/MHz for a MR BS and -32dBm/MHz for a LA BS. These figures are consistent with up to 90dB gain for a wide area repeater.
Observation 3: OBUE requirements may not be sufficient to avoid interference in the DL, as they are greater than interference from adjacent channel BS.
Proposal 3: If there is a requirement for maximum output power with no input, it should be the same as the absolute ACLR for DL.

For the UL, the ACLR and in-band emissions requirements may be examined to determine what could be an acceptable amount of interference for a no-input repeater to create. It should be borne in mind that unlike a UE, a repeater will be likely to have a directional antenna pointing continuously at the basestation receiver creating continuous interference. On the other hand, the repeater is likely to have some distance from the basestation. Furthermore, adjacent channel interference and in-band emissions will still occur and the repeater interference will be additional.

Observation 4: Unlike UEs, repeaters will point directly at donor BS continuously in uplink and thus have the potential to create continuous interference.
Observation 5: Interference from repeaters with no input signal is in addition to in-band emissions from UEs and adjacent channel emissions from other operators.

The in-band emissions requirement is around 28dB and ACLR 30dB for UEs. For UEs transmitting at full power, the absolute emissions would thus be -5 to -7dBm per carrier. Of course, in many cases UEs would transmit with less than full power and the emissions would be lower. Considering a bandwidth of 100MHz, the maximum emissions at full UE power would be -25 to -27dBm/MHz, rising to around -15dBm/MHz for a 10MHz channel.
Observation 6: To avoid interference that is greater than in-channel emissions or adjacent channel interference from UEs, the repeater maximum output power with no input signal would need to be lower than -15 to -25 dBm (depending on bandwidth)

Unlike a UE, a repeater is unlikely to be placed close to the donor gNB. Thus, for in carrier interference, a larger amount of interference (with no input) may be allowable than e.g. in-channel emissions from a closeby UE. If the allowed power level is around -13dBm /m MHz then a coupling loss between receiver radio and gNB radio (including antenna gains) of around 90-100dB is needed to avoid causing interference if there is a single repeater in the cell. If there are multiple repeaters in the cell then the coupling loss to each repeater will need to be greater to avoid aggregated interference causing desensitization.
Observation 7: Unlike UEs, repeaters will not be close to the donor node (but are likely to have higher antenna gain)
Observation 8: -13dBm/MHz (i.e. WA level proposed for DL) would not cause desensitization as long as the coupling loss between the repeater and BS would be in the order of 100dB.
Observation 9: If a cell contains many repeaters then the interference would be cumulative and either the output power with no input would need to be lower or the coupling loss would need to be greater.

In-passband output power does not relate to co-existence with other operators outside of the passband or UE behavior. The exact requirement may depend on the deployment scenario and it is important to take care not to over-specify the requirement. With this in mind and considering the above argumentation, applying the DL absolute ACLR levels also for an uplink requirement would be a reasonable approach.

Proposal 4: If there is a requirement for maximum output power with no input, it should be the same as the downlink absolute ACLR also for UL.


As discussed for proposal 1, regardless of the outcome of the discussion on what requirement and test to apply for NF, it is necessary to state the range of power over which the EVM core requirement is valid (even if the EVM is not tested with a low input power level). Considering the agreed WF from the last meeting there is a need to conclude on whether to (i) Also test EVM with low input power or (ii) define and test a requirement on maximum output power with no input. 
As indicated above, the two tests actually test different things; the low input EVM test will regulate SNR degradation due to NF and the maximum output (no input) requirement the interference towards the donor, including antenna/amplifier gain. Potentially both requirements/tests could be included, but to follow the WF of the previous meeting only one should be included.

Proposal 5: If SNR degradation due to NF should be regulated then EVM with low input power should be tested. If interference towards the donor with no input signal should be regulated, then instead maximum output power with no input power should be defined and tested.


Conclusion
Proposal 1: Local area UL ACLR is 31dB
Proposal 2: The core EVM requirement needs to capture an input power range over which EVM is valid. FFS power levels for conformance requirement.
Observation 1: EVM with minimum output power can guarantee NF, but not NF+gain
Observation 2: Output power with no input can guarantee NF+gain (i.e. interference into the network) but not NF alone. Gain can include amplifier gain and antenna gain if the requirement is EIRP.
Observation 3: OBUE requirements may not be sufficient to avoid interference in the DL, as they are greater than interference from adjacent channel BS.
Proposal 3: If there is a requirement for maximum output power with no input, it should be the same as the absolute ACLR for DL.
Observation 4: Unlike UEs, repeaters will point directly at donor BS continuously in uplink and thus have the potential to create continuous interference.
Observation 5: Interference from repeaters with no input signal is in addition to in-band emissions from UEs and adjacent channel emissions from other operators.
Observation 6: To avoid interference that is greater than in-channel emissions or adjacent channel interference from UEs, the repeater maximum output power with no input signal would need to be lower than -15 to -25 dBm (depending on bandwidth)
Observation 7: Unlike UEs, repeaters will not be close to the donor node (but are likely to have higher antenna gain)
Observation 8: -13dBm/MHz (i.e. WA level proposed for DL) would not cause desensitization as long as the coupling loss between the repeater and BS would be in the order of 100dB.
Observation 9: If a cell contains many repeaters then the interference would be cumulative and either the output power with no input would need to be lower or the coupling loss would need to be greater.
Proposal 4: If there is a requirement for maximum output power with no input, it should be the same as the downlink absolute ACLR also for UL.
Proposal 5: If SNR degradation due to NF should be regulated then EVM with low input power should be tested. If interference towards the donor with no input signal should be regulated then instead maximum output power with no input power should be defined and tested.
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