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1 Introduction

During RAN4#102-e, the repeater core specification was completed. In this meeting, work on the repeater conformance specification will begin. Two conformance specifications are needed; one based on conducted testing and corresponding to FR1 and the other based on radiated testing and corresponding to FR2. In this contribution we present some considerations around test models that are relevant to both of the conformance specifications.
2 Discussion

Test models do not apply to the repeater itself, since it does not generate a waveform. In principle, it could be left for test-gear implementation how to generate input signals. To be a reasonable test, the signal characteristics of test models should be representative of actual NR waveforms.

Observation 1: The repeater equipment itself does not generate or demodulate waveforms

Observation 2: Test models would be applicable for the test equipment during conformance testing.
A minimum expectation for the specification is that the input signal should have the same characteristics as NR waveforms. However, the risk that different test gear may produce different conformance results due to the stimulus waveform should be avoided. In order to enable consistent testing it may be useful for the repeater specification to explicitly specify test models.
Proposal 1: The repeater specification should explicitly specify test models.

The NR carrier will differ in the uplink and downlink directions. Since the repeater does not include baseband demodulation or coding and is a simple amplifier, in principle use of a single unified test model for both directions could be acceptable. However, since as outlined below test models for both DL and UL waveforms are both readily available, it is proposed to differentiate the test model for DL and UL.
Proposal 2: Specify different test models (corresponding to direction) for DL and UL
For the downlink direction, test models are available in the BS specification for every channel bandwidth. The UE RF specification contains DL reference measurement channels. These are specified for 15kHz and all bandwidths up to 50MHz for FR1. For FR2, FRCs are specified for 60kHz and 50/100/200MHz bandwidths. The UE demodulation specification also contains FRCs, although not for all bandwidths.
The BS test models are generated inside basestations and measured using test equipment. The UE FRCs are generated using test equipment. For the repeater, the test equipment needs to generate the test signals, and due to this the UE FRCs are preferable to use for repeater testing, since they have already been implemented in test equipment for UE testing.

Although the UE RF FRCs are only specified for 15kHz (FR1) and 60kHz (FR2), their characteristics are likely to be adequate for repeater testing. Thus, we propose that the UE RF specification FRCs are used for test models for repeater testing.

Proposal 3: Use the FRCs from the UE RF specification for repeater testing

In the UE specification, FRCs are specified for QPSK, 16QAM, 64QAM and 256QAM. In the repeater specification, the repeater declares which maximum modulation order and corresponding EVM is supported. For testing, the FRC corresponding to the declared maximum modulation order should be used.

Proposal 4: For DL, use the FRC corresponding to the declared maximum modulation order

For the UL direction, the UE RF specification specifies so-called UL reference measurement channels, both with and without transform precoding enabled. The BS specification specifies FRCs for reference sensitivity and demodulation requirements, but not for all channel bandwidths. FRCs are specified both with and without transform precoding enabled.
CP-OFDM has a greater PAPR than DFT-s-OFDM. Since a repeater may experience different types of waveform and carrier combination, CP-OFDM should be used for testing as a worst case. If the repeater is tested using a CP-OFDM waveform then there is no need to test with transform precoding, since the analogue demands of handling DFT-s-OFDM will be less stringent.
Proposal 5: For UL, test with the CP-OFDM waveform only.

In the UL direction, the BS FRCs are generated by test equipment whereas the DL RMCs in the UE specification are transmitted from the UE. Thus, the BS FRCs are already implemented in test equipment and so present the best option for the repeater waveform. Although not all of the bandwidths are available in the BS specification, the set of available bandwidths is sufficient to fill the repeater passbands with carriers.

Proposal 6: For UL, use the FRCs from the BS demodulation specification as test models.

Similar to DL, the modulation order and corresponding EVM supported by the receiver can be declared for UL. The used test model should correspond to the supported modulation order.

Proposal 7: For UL, use the FRC corresponding to the declared maximum modulation order

3 Conclusion

Proposal 1: The repeater specification should explicitly specify test models.

Proposal 2: Specify different test models (corresponding to direction) for DL and UL
Proposal 3: Use the FRCs from the UE RF specification for repeater testing

Proposal 4: For DL, use the FRC corresponding to the declared maximum modulation order

Proposal 5: For UL, test with the CP-OFDM waveform only.

Proposal 6: For UL, use the FRCs from the BS demodulation specification as test models.

Proposal 7: For UL, use the FRC corresponding to the declared maximum modulation order
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