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1. Introduction
The frequency error defined for wide area BS or IAB is +/- 0.05 ppm, and for the UE, medium range / local area IAB and BS +/- 0.1 ppm. The gNB expects that UE transmits within certain frequency accuracy relative to what gNB was transmitting. If the frequency error is larger, system performance may degrade. Adding a repeater to the link may add additional a frequency error although it is undesirable. For FR2 NR repeaters, in addition to the frequency error presents in the received signal, another frequency error may be added in up-down conversion process. In the previous meeting, [1], [2], and [3] TDocs have provided different views on the frequency errors for NR repeaters. 
In this contribution, we provide our insights on frequency errors of FR2 NR repeaters. 
1. Discussion
The gain of a repeater affects the performance of both backhaul and access links. The gain must be carefully configured in order to avoid self-oscillation of the repeater. Required isolation to avoid self-oscillations (for efficient operation between the backhaul and access antennas) can be achieved by proper physical separation. For example, backhaul and the access antennas can be separate by certain wavelengths to obtain the required isolation to avoid self-oscillation and therefore enhance the repeater performance. 
In case of FR2, as the cable losses are high compared to FR1, frequency conversion is an useful tool in connecting the signal from backhaul antenna to access antenna, and vice-versa. For example, in case of downlink the received signal needs to be down converted, then sent towards the access antenna at a lower center frequency, avoiding majority of the losses that would have occurred at the original center frequency.Before the access antennas the signal is  upconverted back to the original RF frequency. Synthesizer is used for frequency conversion, which employs a reference clock. Although the reference clock is derived from crystal clock with high accuracy, some frequency errors are still unavoidable. 
[bookmark: _Ref68037290]Observation 1: In case of FR2, having two distant-units (backhaul and access units) with frequency conversion taking place in each unit, could introduce additional frequency error in NR repeaters. 
The accuracy of the reference clock is tighter when the frequency conversion range (frequency shift) is high. This implies that to have a lower frequency error, there should be a stable and accurate reference clock. Although frequency errors can be reduced with an extremely accurate clock, it would result in very expensive hardware components in the NR repeater, which is somewhat controversial with the main purpose of repeaters in providing a lower cost option for coverage extension
[bookmark: _Ref68037331]Proposal 1: While defining the frequency error values for NR repeaters in FR2, the frequency error that could result in frequency conversion should be considered. Additionally, the hardware complexity and cost required to achieve a lower frequency error must be discussed.
Now considering that in previous meeting it was agreed that frequency error should be [+/- 0.01] ppm [4] we can observe that the required clock accuracy would be 5 to 10 times more demanding to reach compared to current gNB and UE requirements. It is not immediately obvious that this is a feasible and/or reasonable target. The situation is especially challenging in FR2, as FR1 might not need similar frequency conversions being part of the repeater implementation. 
However, it must be also recognized that allowing frequency error similar to gNB and UE may have impact on system performance, in case the resulting transmit/receive frequency are beyond the range within which gNB and UE normally expect the transmission to be and within which the existing frequency correction algorithms are meant to operate. Therefore, further work is needed to clarify the trade-off between possible system performance impact and implementation complexity.
Proposal 2: Keep frequency error requirement in square brackets until more complete understanding on system performance impact and implementation feasibility has been achieved.
2. Conclusion
In this contribution, we have discussed on the frequency errors that could occur in FR2 NR repeaters. We have made following observations and proposals:
Observation 1: In case of FR2, having two distant-units (backhaul and access units) with frequency conversion happened in each unit, could introduce frequency error in NR repeaters.
Proposal 1: While defining the frequency error values for NR repeaters in FR2, the frequency error that could result in frequency conversion should be considered. Additionally, the hardware complexity and cost required to achieve a lower frequency error must be discussed.
Proposal 2: Keep frequency error requirement in square brackets until more complete understanding on system performance impact and implementation feasibility has been achieved.
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