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Introduction
This contribution discusses FR1 conducted repeater requirements other than transmit power and unwanted emissions. 
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EVM
In the BS and UE specifications, the definition of EVM includes a standardized simple channel estimation and equalization. Furthermore, the UL EVM requirement includes requirements on in-band emissions and on spectral flatness. In the E-UTRA specification the EVM requirement is stated to be 8%, which is equivalent to the requirement for 64QAM in the UE and the BS specifications. It is important to take into account that the total link EVM to the receiver is the root square sum of the transmitter EVM and repeater EVM. So if 64QAM is transmitted then the total EVM will be 11.3%, which is just better than 16QAM EVM.
In some circumstances, it might be expected that the SNR at the repeater input will anyhow not be high and higher order modulations need not be supported. In other circumstances, it may be that link quality should be preserved. 
The amount of linearity that is really needed for the repeater may depend on the deployment scenario and the expected SNR. If the repeater is at the edge of coverage and the SNR is anyhow not sufficient to support higher order modulation then designing for low EVM just adds unnecessary cost. On the other hand, some repeaters may be designed for deployments in which high SNR is to be preserved.
The EVM requirement is the only repeater requirement that is unrelated to causing interference to neighbors. Repeaters have a much smaller set of requirements than BS and UE, and so the relative additional test time and complexity for testing EVM is higher for repeaters. 


Input intermodulation
The E-UTRA repeater specification contains 3 categories of input intermodulation requirement:
· Within passband signals. These are CW with -40dBm level. -40dBm is of the same order of magnitude as RX blocking signals and seems sufficient (although blocking requirements are specified on wider bandwidths). 
· Co-location requirements. These requirements related to signals experienced if the repeater is co-located at the same site as other BS in other bands. The requirements seem to assume 30dB isolation to the other BS, which is the same assumption used for BS co-location and seems sufficient (although co-location requirements are specified for wider bandwidths).
· Co-existence requirements: These requirements relate to signals experienced if the repeater is deployed in the same geographic area as other BS in other bands. The interferer levels are -15dBm, which is the same as the BS out of band blocking requirement and seems reasonable.
Observation 1: The input intermodulation requirements cover UL passband repeat and co-existence/co-location to other bands and seem to be sufficient. 

In addition to input intermodulation, the E-UTRA repeater specification contains requirements on output intermodulation. These relate to reverse intermodulation in cases where a strong signal is experienced at the output of the PA. The requirements assume a 30dB coupling loss as do the BS requirements, and are sufficient.
Observation 2: The output intermodulation requirements in the E-UTRA repeater specification are sufficient.

The E-UTRA specification also contains a requirement on so-called ACRR or adjacent channel rejection ratio. It is only applicable when the repeater is operated in a band/region where WCDMA might be expected to be present on an adjacent channel. It is not clear why WCDMA would need protection from interference but not E-UTRA.
The ACRR requirement only applies outside of the repeater passband. Inside the passband, if the passband contains frequencies relating to carriers from other operators then these emissions would be amplified with no rejection. Repeater system aspects, including definition of carriers and potential amplification of signals on other operators carriers are discussed in [2].
Observation 3: With the ACRR requirement definition, interference towards any other operators carriers that fall within the passband are allowed to be amplified with no rejection.

The ACRR requirement requires a difference in gain between the passband and outside of the passband that is the same number of dB as the ACS of a BS. This would imply that an interference source with the same power as the serving gNB and the same distance as the serving gNB would at the output of the repeater lead to an interference level consistent with BS ACS.
In reality, an interference source may be closer than the serving gNB but may also have considerable less power.
Another way to look at the ACRR requirement is that it is a minimum pathloss for an transmitter outside of the passband that has the same power as a basestation. From this point of view, the limit of 33dB for a powerful interferer in the E-UTRA specification (and the limit of 20dB for a less powerful interferer) seem reasonable to consider as a minimum pathloss to the interferer.
The ACRR requirement as described in E-UTRA is a useful complement to the out of passband gain requirement and should be considered for all signal types, not just WCDMA.
Proposal  2: Apply the ACRR requirement as described in the E-UTRA specification for all signal types.

For TDD repeaters, a TDD switching time requirement is important as it provides a minimum performance and facilitates planning of cells and decision on guard period length.

Also, to prevent interference in a TDD environment, a TDD OFF power requirement should be applied.
Conclusion
Based on the discussion in this contribution, we make the following proposals:

Proposal 1: Apply input intermodulation and output intermodulation requirements that are the same as those in the E-UTRA repeater specification.
Proposal 2: Apply an ACRR requirement that is the same as in the E-UTRA repeater specification for all signal types. 
· This protects from amplification of interference in other operators carriers outside of the passband, but not inside the passband.
Proposal 4: Apply a TDD switching time requirement
Proposal 5: Apply a TDD OFF power requirement
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