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1 Introduction

During RAN#90-e, a WI was approved relating to development of repeater specifications for NR. The WI scope includes development of FR1 FDD specifications as well as consideration of TDD specifications for FR1 and FR2.

The agenda for the current meeting splits between radiated and conducted requirements. The WI scope indicates that, currently at least, requirements are assumed to be conducted for FR1. For FR2, requirements are by necessity radiated. This contribution considers requirements for FR2, which will be radiated. Other contributions have considered the output power and emissions requirements. This contribution considers other requirements applicable to a repeater.
2 Discussion

For FR2, it is useful to consider the gNB, UE and IAB specifications.
Signal quality requirements
The BS and IAB specifications contain requirements on frequency accuracy, EVM and time alignment. The UE specification contains requirements on frequency error and EVM.

For frequency error, the BS and IAB specification specifies a frequency error of 0.05ppm and the UE spec 0.1ppm. Both the UE and BS will still be part of a link involving repeaters and in order to avoid the repeater adding significant additional error, the E-UTRA specification specifies 0.01ppm relative (difference between TX and RX) frequency error. 

Observation 1: To avoid significant impact of the repeater to the link, the frequency error needs to be specified to be a fraction of the UE and BS frequency error.

In the context of repeaters EVM is a measure of linearity of the repeater gain and is important to include. The EVM definition from either the UE or BS specification can be used. For downlink, up to 256QAM is supported in the specifications. For repeater operation, further discussion is needed on whether 256QAM support is assumed. If it is, it is better to take the BS EVM definition.
Observation 2: EVM should be based on either the definition in the BS or the UE spec. Further discussion should take place on whether the EVM should be aligned to 256QAM or 64QAM.

There is no need for a requirement on TX timing alignment, since this relates to BS MIMO transmission.

Output power dynamics 

BS power dynamics requirements relate to scheduling of sub-blocks of PRBs and UE and IAB power dynamics to power control.  If the repeater has fixed gain, the power will vary. Further discussion is needed about whether to assume and/or set a requirement for fixed gain.
Transmit intermodulation

Transmit intermodulation requirements are defined to regulate emissions due to reverse intermodulation into the PA from close-by transmitters. For FR2, for the BS it was determined that due to higher coupling loss, transmit intermodulation requirements are not needed. The same should be true for a repeater.

Observation 3: No need for TX intermodulation requirements for FR2

Receiver requirements

Receiver requirements relate to radio properties such as sensitivity and susceptibility to interfering signals such as blocking signals and intermodulation. Most of these cannot be directly applied to a repeater.

What can be applied for a repeater are requirements on the maximum gain acceptable for out of carrier signals and intermodulation products of signals outside of the carrier that might fall within the carrier and be susceptible to amplification.

For out of carrier amplification, a requirement can be designed considering the highest expected power level on an adjacent channel and further away from the carrier. This is in principle similar to the blocking requirement level. The requirement would need to ensure that amplification of the blocking signal is sufficiently small that unwanted emissions requirements are not exceeded
The FR2 in-band blocking requirement level is somewhat stricter in the UE specification (i.e. DL) than in the BS specification (UL). Thus, the UE specification could be used to define the out of carrier gain requirement.
For the out of band requirement, the BS out of band blocking requirement should be considered as a reference.

Observation 4: In place of receiver requirements, a requirement on out of carrier gain should be defined. This should be based on the UE blocking requirement level within the band and the BS out of band blocking levels for out of band.
Apart from a maximum gain requirement, an input intermodulation requirement is also useful. The input intermodulation requirement should be based on two input signals that create an intermodulation product that falls into the wanted carrier and is amplified. The requirement ensures that the repeater has sufficient linearity that it is not susceptible to such intermodulations causing distortion.
The intermodulation signal levels could be based on the BS specification RX intermodulation requirement levels.

Observation 5: A requirement on input intermodulation should be created, with levels based on the BS RX intermodulation requirement.
3 Conclusion

Observation 1: To avoid significant impact of the repeater to the link, the frequency error needs to be specified to be a fraction of the UE and BS frequency error.

Observation 2: EVM should be based on either the definition in the BS or the UE spec. Further discussion should take place on whether the EVM should be aligned to 256QAM or 64QAM.

Observation 3: No need for TX intermodulation requirements for FR2

Observation 4: In place of receiver requirements, a requirement on out of carrier gain should be defined. This should be based on the UE blocking requirement level within the band and the BS out of band blocking levels for out of band.
Observation 5: A requirement on input intermodulation should be created, with levels based on the BS RX intermodulation requirement.
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