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1. Introduction
This contribution provides our further consideration of frequency stability, EVM and minimum input level for FR1 conducted and FR2 repeater..
2. Discussion
2.1 Frequency stability
In last meeting, the following was agreed,
The frequency deviation of the output signal with respect to the input signal shall be no more than ±0.01 ppm for FR1.
- Further consider if it’s absolute error or relative error.
The wording of the requirements is borrowed from UTRA and E-UTRA repeater. It brings some misleading that the requirement is relative frequency error. From our understanding, repeater’s clock reference source can be GNSS which is the same as BS. The frequency error should be defined as absolute frequency error. If the 0.01 ppm requirement is defined as relative error, then the repeater should track donor’s center frequency which is the same as UE. The 0.01 ppm performance compared with GNSS source leads to 0.06 ppm to WA BS and 0.11 ppm to MA BS. So GNSS source can’t be used as reference if 0.01 ppm is defined as relative frequency error. In the implementation, some of the repeater’s center frequency is configured so GNSS source is used as reference. On the other hand, if relative frequency error is defined, there should be some discussion that if 0.01 ppm is too stringent because current UE relative frequency error requirement is defined as 0.1 ppm. There was some discussion in last meeting that if high speed train scenario should be considered. If repeater is used in high speed train scenario, the frequency error requirement may need more discussion. Our understanding is that there may need different requirements for the fixed repeater and the high speed train repeater. So the 0.01 ppm requirement should be the requirement for fixed repeater.
Observation: Different frequency stability requirement for fixed repeater and mobile repeater may be needed.
Based on the above consideration, we have the following proposal.
Proposal 1: The frequency stability requirement for fixed NR repeater is defined as absolute frequency error for both FR1 and FR2. 
For the test of the frequency stability, if absolute frequency error is agreed, it’s natural that the test procedure should follow BS approach.
Proposal 2: The frequency stability test procedure for fixed repeater follows BS approach for both FR1 and FR2.
2.2 EVM
EVM requirement in theory is the SNR requirement for the Tx signals. IAB EVM requirements are the same as BS from SNR perspective for both downlink and uplink. The system performance can be thought as the same as BS to UE or UE to BS because IAB can regenerate signal with good SNR. Repeater’s EVM requirements need some discussion because repeater just retransmits the signals and extra noise is added to the signals after repeater amplifies and forwards the signal from donor BS. In order not to degrade the signal too much, keeping the noise level from repeater as low as possible is important. However, the contribution from RF hardware part especially is usually much larger than BB part in the BS design, it’s difficult to limit repeater’s EVM requirement to a very low level considering the PA efficiency and power consumption. LTE repeater EVM requirement is 8%. According to the following equation,

8% or 6% repeater EVM performance impact on the total EVM can be calculated as Table 1,
Table 1: Repeater EVM’s impact to total EVM
	EVM_received signal(%)
	10
	10
	8
	8
	6
	6
	1

	EVM_repeater(%)
	8
	6
	8
	6
	8
	6
	3.3

	EVM_total(%)
	12.8 
	11.7 
	11.3 
	10.0 
	10.0 
	8.5 
	3.5



As shown in Table 1, 8% EVM requirement impact to the final EVM is a little large. So we propose to define the requirement as 6%.
There were some discussion that if there should be different requirements for different modulation. Our understanding is that it’s difficult for repeater to declare the supported modulation because when the input signal SNR is not good enough, the declared modulation scheme can’t be supported by repeater even repeater works well in the liner region. Then some declaration on the EVM level can be considered. On aspect should be taken into account that the contribution from the signal generator has higher weight for high modulation compared with low modulation. For example, if signal generator’s EVM is 1%, the 3.5 output signal EVM requires NR repeater EVM to be 3.3%. For 6% output signal EVM requirement, repeater’s EVM should be less than 5.9% which is near 6% requirement. So whether the EVM can be defined according to the declaration may need some discussion or clarification. 
The RF requirement is defined as the minimum requirement, so we think only one minimum level may be ok. If there’s some repeater can support better performance, it can be left to implementation.
Proposal 3: EVM requirements for NR repeater FR1 conducted and FR2 are defined as 6% for both UL and DL.
2.3 Minimum input level or NF
Noise figure is an important performance for the repeater product. CCSA TD-LTE repeater requirements include the NF requirement and it’s tested by the noise figure analyzer. But it seems there’s no such requirement in the current 3GPP RF requirement. For BS and UE, NF is measured combined with BB DEMOD capability. And it makes sense that the minimum input level is the performance which should be guaranteed by BS and UE. For repeater, if some similar approach is considered, it seems minimum input level may also be a choice. However, the repeater’s gain may support several levels, NF is related to the gain. How to define the requirement may need more consideration. If it’s not defined clearly, the requirement may bring misleading. So we think NF performance may be left to implementation.
Proposal 4: The NF performance is left to implementation, i.e. no NF or minimum input level requirement for NR repeater. The proposal applies to FR1 conducted and FR2.
3. Conclusion
This contribution provides our further analysis for frequency stability, EVM and noise figure requirements; we have the following proposals.
[bookmark: _GoBack]Proposal 1: The frequency stability requirement for fixed NR repeater is defined as absolute frequency error for both FR1 and FR2. 
Proposal 2: The frequency stability test procedure for fixed repeater follows BS approach for both FR1 and FR2.
Proposal 3: EVM requirements for NR repeater FR1 conducted and FR2 are defined as 6% for both UL and DL.
Proposal 4: The NF performance is left to implementation, i.e. no NF or minimum input level requirement for NR repeater. The proposal applies to FR1 conducted and FR2.
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