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1. Introduction
In RAN4#98-bis-e a WF in [1] was agreed capturing the following on frequency error and EVM 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.
· FFS on EVM
· whether to define EVM limits or based on manufacture’s declaration. 
· FFS on which modulation up to 256QAM is feasible
· FFS to differentiate different modulation schemes for DL and UL respectively
· FFS on only one EVM level or more than one levels. If multiple EVM levels are agreed, the modulation schemes are based on declaration or not?
· FFS on whether to define more stringent requirements than current spec or not


The frequency deviation of the output signal with respect to the input signal shall be no more than [±0,01] PPM for FR2.
	- Further consider if it’s absolute error or relative error.

In addition, RAN4 agreed to discuss the following WF on  FR1 out of band related conducted requirements. · FFS on whether take E-UTRA repeater spec as the baseline
· FFS on co-located out of band gain requirement
· FFS on the necessity of co-existence simulation
· FFS on how to define coupling loss and power of another transmitter, some candidate options




In RAN4#99-e following agreements were reached [2]
Frequency error
The frequency deviation of the output signal with respect to the input signal shall be no more than ±0.01 for both FR1 and FR2.
EVM
EVM may be declared, or declared from a set of limits or have a single limit. 
If there would be a set of limits, the set EVM limits are the same for DL and UL (except for low EVM levels associated with 256QAM). 
Whether the same declaration would be made for DL and UL is FFS. 
Whether EVM is directly associated to modulation orders is FFS. 
256 QAM needs further discussion.
Out of band gain
· take E-UTRA repeater spec as the baseline and baseline here means that we need to double check that the levels are robust enough considering following aspects and tighten the levels if needed.
· Amplification of unwanted emissions from co-located equipment outside of the passband
· Amplification and distortion of other operators’ carriers just outside of the passband
· Amplification of unwanted emissions from other equipment inside of the passband
· The impact of amplifying other operators’ carriers if they are inside the passband
· For co-location out of band gain requirements, manufacturer shall declare the operating bands with which co-location is possible


In this contribution, we first provide our view on signal quality requirements for FR1 NR repeaters, and then discuss the out of band gain related conducted requirements for FR1. 
2. Discussion
2.1 EVM requirements
EVM requirements are necessary to be specified to have guarantee on how greatly introducing a repeater into to signal path will impact on total signal quality.  Even though UL requirements are specified for 256QAM, there may be some deployments, for example deployments aiming at maximal coverage extension, where 256QAM modulation is not practical already from SNR perspective. Therefore, it would not be reasonable to require all repeaters to meet such a stringent EVM limit. Rather, we see there could be different categories of products, and repeater manufacturer could declare the maximum modulation order. Therefore it would be unnecessary to require repeater to meet 256QAM EVM in UL.
Observation 1: There may be deployments where it is unnecessary to require meeting 256QAM EVM requirement.
If EVM requirements are specified, we see that the EVM levels should re-use the levels specified for NR gNBs and UEs, as illustrated in Table 1. Considering for example downlink operation, if both repeater and gNB are operating just at the borderline of the maximum allowed EVM, the composite impact will mean that signal quality after the repeater will be 3dB worse than at the output if the gNB. This will have negative throughput impact, but the impact will be minor. The gNB will get channel quality feedback from the UE, and be able to use correct MCS. 
Table 1: NR EVM requirements 
	Modulation scheme
	Required EVM

	QPSK
	17.5 %

	16QAM
	12.5 %

	64QAM
	8 %

	256QAM
	3.5 %



Proposal 1: EVM requirements shall use the same EVM-% linked together with modulation schemes as specified for gNBs and UEs.
Proposal 2: In case EVM requirements are specified, more than one EVM-% is needed and the maximum supported modulation order shall be declared by the repeater manufacturer.
Proposal 3: Maximum supported modulation order is declared separately and independently for 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 do not still stay in control and co-existence conditions do not worse for system 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 examples assumes that repeater does not add any emissions in the system, which is of course not realistic.
To have an understanding on how much gain on out-of-band frequency could be allowed, some examples of path losses with different channel models and distances were calculated. These are included in table 1 to table 4. A comparison of the pathloss models at 700 MHz and 5 GHz frequencies are shown in Figures 1 and 2. Path loss models were taken from TR 38.901 [4].
Table 1: Free space path loss
	Frequency [GHz]
	
	0.7
	2
	5

	Distance [m]
	2
	35.4
	44.5
	52.4

	
	10
	49.3
	58.5
	66.4

	
	50
	63.3
	72.4
	80.4

	
	100
	69.3
	78.5
	86.4

	
	200
	75.4
	84.5
	92.4

	
	500
	83.3
	92.4
	100.4

	
	1000
	89.3
	98.5
	106.4



Table 2: Urban Macro LOS
	Frequency [GHz]
	
	0.7
	2
	5

	2-D distance [m]
	10
	55.9
	65.0
	72.9

	
	50
	63.2
	72.4
	80.3

	
	100
	69.2
	78.3
	86.2

	
	200
	75.6
	84.7
	92.7

	
	500
	84.3
	93.4
	101.4

	
	1000
	90.9
	100.0
	108.0



Table 3: Urban Macro NLOS
	Frequency [GHz]
	
	0.7
	2
	5

	2-D distance (m)
	10
	65.4
	74.6
	82.5

	
	50
	78.5
	87.7
	95.6

	
	100
	89.1
	98.2
	106.1

	
	200
	100.5
	109.6
	117.6

	
	500
	115.9
	125.1
	133.0

	
	1000
	127.7
	136.8
	144.8



Table 4: Urban Micro LOS (street canyon)
	Frequency [GHz]
	
	0.7
	2
	5

	2-D distance (m)
	10
	52.8
	61.9
	69.9

	
	50
	65.1
	74.2
	82.2

	
	100
	71.3
	80.5
	88.4

	
	200
	77.6
	86.8
	94.7

	
	500
	86.0
	95.1
	103.1

	
	1000
	92.3
	101.4
	109.4





Figure 1: Path loss comparison at 700 MHz
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It can be observed that when antenna gains are not taken into account, the path loss at 10m distance varies from 66 to 83 dB depending on propagation model at 5 GHz frequency and at 700 MHz corresponding numbers are 49 dB to 65 dB.
Typically a sector antenna used at FR1 has approximately 17 dBi gain. Assuming similar antennas are used both in the repeater and gNB, total of 34 dB antenna gain needs to be reduced from the pathloss numbers. Some additional margin may also need to be reserved to take into account the emissions generated by the repeater itself. This would indicate that one possible value for out-of-band gain would be only 49 – 34 = 15 dB. This would be an extremely tight requirement and 45 dB more stringent than what is defined for LTE FDD repeaters in TS 36.106. Therefore, reasonable selection for separation distance and antenna gains have to be used when deriving the OOB gain requirement.
As the difference in path loss is rather significant at 700 MHz and 5 GHz, different requirements could be considered for different frequency ranges. In addition, filter transition band from pass band to stop band is significantly narrower in MHz at lower frequencies than at higher frequencies.
Observation 2: Reasonable selection for separation distance and antenna gain needs to be done when deriving the OOB gain requirement.
Observation 3: Different requirements could be considered for different frequency ranges.
Observation 4: Realistic filter performance needs to be considered.
In E-UTRA FDD repeater, the general co-location requirements are tabulated based on the RAT and the operating bands. In case of out-of-band gain in co-location scenario is considered for NR repeaters, the manufacturer should be allowed to declare the bands with which bands co-location is possible. 
Proposal 4: In case co-location is considered for out-of-band gain, manufacturer shall declare the operating bands with which co-location is possible. 
3. Conclusion
In this contribution, we have discussed on the frequency errors that could occur in FR1 NR repeaters. We have made following observations and proposals:
Observation 1: There may be deployments where it is unnecessary to require meeting 256QAM EVM requirement
Proposal 1: EVM requirements shall use the same EVM-% linked together with modulation schemes as specified for gNBs and UEs.
Proposal 2: In case EVM requirements are specified, more than one EVM-% is needed and the maximum supported modulation order shall be declared by the repeater manufacturer.
Proposal 3: Maximum supported modulation order is declared separately and independently for UL and DL.
Observation 2: Reasonable selection for separation distance and antenna gain needs to be done when deriving the OOB gain requirement.
Observation 3: Different requirements could be considered for different frequency ranges.
Observation 4: Realistic filter performance needs to be considered.
Proposal 4: In case co-location is considered for out-of-band gain, manufacturer shall declare the operating bands with which co-location is possible. 
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Path loss comparison (5 GHz)
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