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1. Introduction
In this contribution we discuss how to finalize the remaining open aspects for EVM, OOB gain, ACRR and inside passband OBUE for FR1 NR Repeaters.
2. Discussion
2.1 Low power EVM requirements
In RAN4#101bis-e it was agreed to define core requirement for EVM at lower than maximum output power, but test the requirement only at maximum output power. The major factors impacting the lowest input signal level for which the EVM requirement would still be met in the output of the repeater include
- Noise Figure of the repeater, which may be different based on repeater class
- Distribution of how much noise impacts the EVM and how much other impairments e.g. non-linearity impact EVM
- implementation margin
- how to define the requirement so that it is generic and covers all signal bandwidths
A suitable reference for repeater noise figure could be FR1 BS noise figure, which is defined as 
· 5 dB for wide area BS
· 10 dB for medium range BS
· 13 dB for local area BS
Considering EVM with maximum output power, it can be assumed that the input signal in test situation has very low EVM, as it is being generated by test equipment. On the other hand, if the repeater maximum output power is at least 20 dBm and gain is 70 dB the input level would be 20 dBm – 70 dB = -50 dBm. Even over 100 MHz signal bandwidth the power per Hz is -50-10*log10(100MHz) = -130 dBm/Hz, i.e. 44 dB above kTB noise when noise figure is not considered. It can be concluded that with maximum output power noise contribution is small.
Observation 1: In maximum output power case thermal noise has minor impact on EVM with the given assumptions (20 dBm output power, 70 dB gain, 100 MHz bandwidth)
Also in FR1 the repeater non-linearity needs to be better than in FR2 to meet stringent ACLR requirements. Therefore, just to have some starting point for derivation, let’s assume 50 percent of repeater EVM is due to noise and 50% comes from non-linearities and other impairments .As the analysis is based on rough assumptions rather than measurements of implementations, we think it would be reasonable to use 3 dB implementation margin.
Let’s now look how the EVM budget will look like with these assumptions and what the resulting input power level would be relative to thermal noise. 






Table 1: EVM budget for 64QAM with low input power for wide area implementations
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It can be seen in table 1 that with the given assumptions the resulting input power level PSD is -81 dBm/MHz for wide area implementations. Adding additional 5 dB or 8 dB to this value gives the result for medium range and local area repeater, respectively. It would be also straightforward to specify the core requirement as input PSD level, as it would automatically be applicable for all channel bandwidths.
Proposal 1: Specify 64QAM EVM of 8% to be applicable down to 
· -81 dBm/MHz input PSD levels for wide area repeaters, both in UL and DL
· -76 dBm/MHz input PSD levels for medium range repeaters, in DL
· -73 dBm/MHz input PSD levels for local area repeaters, both in UL and DL
2.2 OOB gain requirements
The intention of out-of-band gain requirements is to ensure that when repeater amplifies also (some of) unwanted signals outside of the desired frequency range to be repeated, the total emissions of the system still stay in control and co-existence conditions do not become worse for systems operating in adjacent frequencies. For example, if there is 60 dB pathloss, including antenna gains, between the gNB and repeater, the repeater can amplify the unwanted emissions of the gNB by 60 dB and the resulting emission level at repeater output is the same as at the gNB output. This example assumes that repeater does not add any emissions in the system, which of course is not realistic.
The outcome of previous meeting left some things open. It was agreed to re-use E-UTRA repeater requirement below either 2 or 2.5 GHz frequencies and apply a relaxed requirement above this frequency point for wide area and medium range repeater class. From our point of view 2.5 GHz can be selected as the split point, as FDD bands covered by E-UTRA specification exist even slightly above 2.5 GHz.
Proposal 2: Apply E-UTRA OOB gain requirements below 2.5 GHz for both WA/MR repeater class both for DL and UL.
The mask split points for above 2.5 GHz were left in square brackets. After checking the values, we support removing the square brackets.
Proposal 3: Apply the following OOB gain requirement above 2.5 GHz for both WA/MR repeater class both for DL and UL.
	Frequency offset, f_offset_CW
	Maximum gain

	0,2 MHz < f_offset_CW ≤ 4,0 MHz
	60 dB

	4,0 MHz < f_offset_CW ≤ 15,0 MHz
	45 dB

	15,0 MHz ≤ f_offset_CW
	35 dB



For local area class the situation was left more open, with the baseline assumption of defining two sets of OOB gain requirements based whether the operator owns the whole band or there is coordination between all the operators using the bands, or a second set of requirements in case there are multiple operators who are not coordinating the deployments.
This approach is problematic as repeater manufacture may not be fully aware of agreements between operators, the same operating band may have different scenarios in different countries, as well as spectrum ownership and coordination agreements may change. Therefore, it would be preferable to have a single requirement set.
Observation 2: It is preferable to have a single requirement which is not dependent on operator coordination or spectrum ownership.
However, it is also true that there is potential to define less stringent requirements if operator owns the full operating band. It would first need to be clarified how these two requirements are captured in the specifications so that it is clear to manufacturers under which cases the repeaters can be used. One option is to set a manufacturer declaration stating that when the less stringent requirement set is applied the repeater cannot be freely deployed but is subject to operator coordination.
Proposal 4: Consider manufacturer declaration to state the limitations for repeaters using the less stringent requirement set.  
2.3 Adjacent channel rejection ratio requirements 

While out of band gain limit sets an upper bound for absolute gain per MHz, ACRR looks at gain at the ratio between gain on passband and adjacent to passband. Overall, the adjacent channel performance is set by both ACLR and ACRR: ACLR limits the emissions generated by the repeater, and ACRR limits the amplification of emissions arriving at repeater input. ACRR becomes a meaningless metric, if it is significantly relaxed compared to ACLR.  
For FR1 DL it has been agreed to use the 45 dB ACLR as for gNB. For UL, ACLR is 45 or 31 dB, depending on repeater class. 
For ACRR the values discussed in previous meeting were
Option 1: 45 dB for DL, 33 dB for UL for all classes
Option 2: 45 dB for DL and 33 dB for UL for WA/MR, 33 dB for DL and 20 dB for UL for LA

The relaxation for UL ACRR in option 2 does not seem reasonable, as UE ACLR is 30 dB or better, and therefore worse repeater ACRR would degrade the network performance significantly. For DL side, the ACIR of the network is based on DL transmitter (BS) ACLR and DL receiver (UE) ACS. UE ACS at 3.5 GHz frequencies is 33 dB. Therefore, reducing the ACRR to be less than 33 dB will have significant impact to network performance, even 33 dB ACRR already reduces the ACIR by 3 dB. If 1-2 dB degradation is targeted then ACRR should be 39...35.5 dB. We propose to use 39 dB to allow for 1 dB ACIR degradation.

Proposal 5: UL ACRR is set to 33 dB for all classes. DL ACRR is set to 45 dB for WA and MR classes and to 39 dB for LA class.
Proposal 6: ACRR is specified over min(passband bandwidth, 100 MHz) of bandwidth immediately adjacent to repeater passband. 


3. Conclusion
In this contribution, we have discussed EVM, OOB gain and ACRR requirements for FR1 NR repeaters. We have made following observations and proposals:
Observation 1: In maximum output power case thermal noise has minor impact on EVM with the given assumptions (20 dBm output power, 70 dB gain, 100 MHz bandwidth)
Proposal 1: Specify 64QAM EVM of 8% to be applicable down to 
· -81 dBm/MHz input PSD levels for wide area repeaters, both in UL and DL
· -76 dBm/MHz input PSD levels for medium range repeaters, in DL
· -73 dBm/MHz input PSD levels for local area repeaters, both in UL and DL
Proposal 2: Apply E-UTRA OOB gain requirements below 2.5 GHz for both WA/MR repeater class both for DL and UL.
Proposal 3: Apply the following OOB gain requirement above 2.5 GHz for both WA/MR repeater class both for DL and UL.
	Frequency offset, f_offset_CW
	Maximum gain

	0,2 MHz < f_offset_CW ≤ 4,0 MHz
	60 dB

	4,0 MHz < f_offset_CW ≤ 15,0 MHz
	45 dB

	15,0 MHz ≤ f_offset_CW
	35 dB



Observation 2: It is preferable to have a single requirement which is not dependent on operator coordination or spectrum ownership.
Proposal 4: Consider manufacturer declaration to state the limitations for repeaters using the less stringent requirement set.  
Proposal 5: UL ACRR is set to 33 dB for all classes. DL ACRR is set to 45 dB for WA and MR classes and to 39 dB for LA class.
Proposal 6: ACRR is specified over min(passband bandwidth, 100 MHz) of bandwidth immediately adjacent to repeater passband. 
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thermal noise floor excluding NF dBm/Hz -174

noise figure (wide area) dB 5

implementation margin dB 3

thermal noise floor ref. repeater input dBm/Hz -166

target EVM for 64QAM % 8as dB, i.e. SNR 21.94

contribution from noise  % 50

contribution from other impairments % 50

noise floor dBm/Hz -166

other impairments dBm/Hz -166.00

total impairments dBm/Hz -162.99

Input level including SNR dBm/Hz -141.05

Input level including SNR dBm/MHz -81.05


