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1. Introduction
In last RAN4 #98 meeting, a new WF on NR repeaters RF requirement [1] is approved. Although there are many FFS in the WF, it is only used to show the principle and help to direct the following discussion. Signal quality related agreements have been listed below including
· FFS on EVM requirements, following aspects should be considered
· Aligned with which modulation scheme, 256 QAM or 64 QAM
· whether to improve the EVM beyond what is required for LTE repeater
· how much link EVM degradation is acceptable
· Whether to follow BS or UE spec definition of EVM or something different
· [±0.01] ppm for RF core requirements
In this contribution, we focus on signal quality related requirements for NR repeater.
2. Discussion
2.1 EVM for FR1 and FR2
When repeater is deployed in the network the whole link EVM is equal to following formula. If we assume 8% (-22dB SNR) EVM for 64QAM is finally defined in NR repeater spec, the whole link EVM equals to 11% (-19dB SNR), introducing extra 3dB noise in transmit signal, which is not what we want. The less extra noise the better. Therefore, more stringent EVM requirement is suggested for NR repeater compared with NR spec.

Observation 1: more stringent EVM requirements is suggested for NR repeater to reduce noise.
The main reasons for signal error include signal distortion produced by digital clipping algorithm in digital domain, signal distortion produced at transceiver, signal distortion produced at PA and the in-band non-flatness produced by filter. Among all above five factors PA distortion is dominant. For LTE or other previous spec, repeater is assumed as bi-directional amplifier to amplify RF signals without any digital signal processing. This high-gain “amplifier” generates extra distortion and lead to signal error. But for NR repeater, some vendors convert received RF analog signal into digital signal to help apply digital interference cancellation algorithm, which could help reduce signal error compared with LTE repeater spec. Besides, considering repeater don’t apply digital clipping algorithm in digital domain, the vector error would be less compared with NR spec.
Observation 2: vector error produced by NR repeater could be less than NR transmitter or LTE repeater. 
In last meeting, 6% EVM is suggested for NR repeater, contributing to 10% whole link EVM. If repeater EVM is reduced to 5% then whole link EVM reduces to 9% and when 4% EVM is assumed for repeater then it contributes to 8.9% whole link EVM. All of above analysis assume 64QAM for wanted signal for both FR1 and FR2.
Proposal 1: to reduce whole link EVM, [5%-6%] EVM is suggested for 64QAM or other lower order modulation scheme for FR1 and FR2
For NR spec 256 QAM is also the major modulation schemes to enhance capacity for FR1. It is possible that after the amplification of repeater, 256QAM is used in network. Same as 64 QAM, more stringent EVM is required for repeater to reduce extra interference to wanted signal.
Proposal 2: 256 QAM is also suggested for repeater EVM definition with more stringent EVM than 3.5% to reduce extra interference to wanted signal.
2.2 frequency error for FR1 and FR2 
In last meeting, almost all interested companies suggest to reuse ±0.01 ppm frequency error for both FR1 and FR2 with the assumption repeater only amplify RF signal without any frequency converter. In practical implementation, frequency converter is equipped for digital or zero-IF signal processing, which will generate extra frequency error. However, this frequency error could be cancelled as the down-conversion error could be compensated by the up-conversion error. Then 0.01 ppm is not challenging for practical implementation.
Proposal 3: for both FR1 and FR2, the same ±0.01 ppm frequency error could still apply to NR repeater.     
3. Conclusions
In this contribution, signal quality related requirements for repeater are discussed with following observation and proposals:
Observation 1: more stringent EVM requirements is suggested for NR repeater to reduce noise.
Observation 2: vector error produced by NR repeater could be less than NR transmitter or LTE repeater.
Proposal 1: to reduce whole link EVM, [5%-6%] EVM is suggested for 64QAM or other lower order modulation scheme for FR1 and FR2
Proposal 2: 256 QAM is also suggested for repeater EVM definition with more stringent EVM than 3.5% to reduce extra interference to wanted signal.
Proposal 3: for both FR1 and FR2, the same ±0.01 ppm frequency error could still apply to NR repeater.
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