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1. Introduction
Operation of FR1 NR repeaters will be verified using conducted measurements, were both input and output signals of the repeater will cabled. In this contribution considerations for the measurement arrangement, test setup, measurement uncertainty and measurement procedures are discussed.
2. Discussion
Conducted conformance testing for NR base stations is specified in TS 38.141-1 [1]. It is prudent to take advantage of this existing information as much as possible. Still, it needs to be recognized that NR repeaters have one fundamental difference to base stations, i.e. NR repeaters do not generate signals by themselves but only amplify and repeat what is arriving to the repeater input. This will have impact on what is required from the test setup and measurement procedures, as well as there will be impact on the measurement uncertainty. In addition, NR repeaters have some RF requirements which are not defined for base stations, like adjacent channel rejection ratio, and therefore specific analysis measuring these requirements does not exist for NR. 
Observation 1: NR repeater test setups, measurement procedures and measurement uncertainties will require evaluations and adjustments compared to the existing baseline of conducted base station conformance testing.
2.1 Measurement setup considerations
In base station and IAB RF testing the principle of defining test requirements has been that a separate test is defined for each requirement to be verified, and the requirements have not been combined. For example, one could argue that by meeting EVM requirement also TDD swithing time is implicitly met, as if the switching time would be excessive the transmission quality would be degraded. Similarly, one could argue that meeting REFSENS test implicitly means that switching time requirement is met, as otherwise DL to UL interference would make it impossible to meet REFSENS. Still, no combining of these have been done. 
One good reason for this behavior is that test setups are typically unidirectional, i.e. only transmission or only reception takes place with a single measurement equipment setup. Otherwise, there could be a need to duplicate measurement equipment and additional hardware would be needed to protect against unwanted signal leakages that could make the measurements unreliable. We suggest to keep this basic principle and define the test requirements considering only unidirectional transmissions.
Furthermore, the test setups should aim at only verifying the core requirements and not to generate additional requirements for DUTs. One requirement of interest where such case might happen is the TDD ON-OFF transient time, where for core requirements it was intentionally left unspecified how the repeater reaches synchronization to the network. Therefore, the test requirements shall also be made generic assuming that the repeater is synchronized and not mandate specific means to obtain the sync.
Proposal 1: RAN4 shall define separate tests for each requirement to be tested.
Proposal 2: Define repeater tests based on the assumption that only one link direction at a time is being tested.
Proposal 3: Measurement setups shall aim at not creating additional requirements for the DUTs to be met than what is set by core requirements.
2.2 Measurement uncertainty considerations
For measurement uncertainty a lot of analysis exists, and those can be used as a starting point for the work. However, one fundamental difference with repeaters is the uncertainty related to the input signal. As there may be errors already in the input signal to the repeater, even if the repeater performance within the specified tolerances, the output values may be not what is expected. It is therefore expected that measurement uncertainties for repeaters might be larger than corresponding uncertainties defined for base station conformance testing
Proposal 4: Uncertainties related to input signal need to be properly analyzed and taken into account.
2.3 Measurement procedure considerations
Finally, when it comes to measurement procedures it again is reasonable to use gNB and IAB-Node measurement procedures as the baseline. While all the procedures need to be checked, it is already obvious than one aspect that needs to be changed taking into account that the signal is not generated inside the repeater.
Observation 2: gNB and IAB-Node measurement procedures can be used as starting point for repeater measurement procedures, as long as input signal is taken into account.

3 Conclusion 
In this contribution conducted measurements considerations for NR repeaters were discussed. The following observations and proposals were made:
Observation 1: NR repeater test setups, measurement procedures and measurement uncertainties will require evaluations and adjustments compared to the existing baseline of conducted base station conformance testing.
Observation 2: gNB and IAB-Node measurement procedures can be used as starting point for repeater measurement procedures, as long as input signal is taken into account.

Proposal 1: RAN4 shall define separate tests for each requirement to be tested.
Proposal 2: Define repeater tests based on the assumption that only one link direction at a time is being tested.
Proposal 3: Measurement setups shall aim at not creating additional requirements for the DUTs to be met than what is set by core requirements.
Proposal 4: Uncertainties related to input signal need to be properly analyzed and taken into account.
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