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1. Introduction
In last RAN4 #100 e-meeting, it is approved radiated RF requirement follows the same principle of conduct requirement definition. In this contribution, we focus on EVM, ACRR and out of band gain related conducted and radiated requirements. 
2. Discussion
2.1 EVM for FR1 and FR2
The main agreement of EVM in last meeting is listed as below:
	Define following EVM levels linked to different modulation scheme and repeater declare which EVM level is supported.
· EVM level linked to 256QAM 
· FFS: EVM level linked to low data rate e.g. QPSK
· EVM level linked to 64QAM 
RAN4 will further discuss how to specify EVM into specification


The key point is all above three EVM requirements are not mandatory for all repeaters and repeater could declare which EVM requirement is supported. About EVM declaration, EVM limit declaration and modulation scheme declaration are two options for further discussion.
Based on our testing, although EVM limits caused by repeater itself are not totally same for different modulation schemes, the difference is almost negligible. 
Table 1 EVM testing results
	Modulation scheme
	Signal source EVM
	EVM after repeater
	comment

	64QAM
	0.73%
	1.53%
	Output power equals to 20dBm

	256QAM
	0.75%
	1.58%
	Output power equals to 20dBm and the gain is also the same as 64QAM



Observation 1: the EVM limit caused by repeater itself is almost irrelated to modulation scheme.
In fact, repeater itself doesn’t differentiate modulation scheme and modulation scheme is only used by signal source for conformance testing. For repeater, it is suggested to just list all three EVM limits into the spec and leave it to repeater to declare which EVM limits is supported.
Proposal 1: the EVM limits for repeater are listed as below for both FR1 and FR2 
	EVM limit level
	[17.5%], 8%, 3.5%

	Note: all three EVM limits are not mandatory for all repeaters and repeater could declare which EVM limits are supported



To simplify testing, the same testing signal for NR is suggested to be reused. If so, modulation scheme should be defined for repeater testing. The best way is to use corresponding modulation scheme based on the chosen EVM limit that repeater support, i.e. 256 QAM for 3.5% EVM, 64QAM for 8% EVM and QPSK for 17.5% EVM.
Proposal 2: the modulation scheme for repeater testing is the modulation scheme corresponding to EVM limit that repeater support for both FR1 and FR2.
2.2 Out of band gain for FR1 and FR2
The main interference mechanisms to define out of band gain for both FR1 and FR2 include 
1) amplification of unwanted emission from other sources including donor BS or other transmitter using the same frequency range as repeater
2) re-amplification and distortion of other operators’ wanted carrier which are outside passband
3) amplification of thermal noise
4) emissions generated by repeater itself
2.2.1 The criteria of out-of-band gain definition:
Since repeater is also regarded as one kind of network node, unwanted emission from its output port should follow the same value as gNB. This means the sum of above four kinds of interference should be less than unwanted emission limit of gNB. However, above four kinds of interference already include the unwanted emission from repeater itself which in general will also follow the same unwanted emission requirements as gNB. It seems impossible to guarantee total unwanted emission at repeater’s output port follows gNB’s requirements.
One candidate criteria to define out of band gain is to ensure all the unwanted power except for the emission generated by repeater itself meet the same unwanted emission requirement as gNB. Victim node regards all the unwanted emission coming from two co-located network node, one from repeater and the other from another network node. But in fact, the unwanted emission coming from repeater itself and other network nodes through repeater’s amplification.
Proposal 3: Out-of-band gain requirement is defined in such a way that the sum of outside-passband unwanted power is less than gNB unwanted emission limits + 3dB for both FR1 and FR2.
2.2.2 interference source assumption
For repeater, the main interference source is local around base stations. Simulation results in TR 25.956 show outside-passband interference are similar regardless of distance between aggressor gNB and repeater. Therefore, we could assume the interference source has the same output power as donor gNB and same distance between repeater and donor gNB.
Proposal 4: interferer source is assumed with the same power and same distance as donor BS when define out-of-band gain requirements for both FR1 and FR2.
2.2.3 calculation of out of band gain 
Table in annex shows the parameters for calculating out of band gain. Out of band gain should be calculated as below:
Amplification of unwanted emission from interference source + amplification of wanted signal from interference source using outside passband frequency range + amplification of thermal noise < OBUE requirements of gNB
Following table shows result of out-of-band gain related to unwanted emission frequency offset range and pathloss between repeater and interference source for FR1.
Table 2. out-of-band gain for category B WA for NR bands above 1GHz
	PL
	0-5MHz frequency offset
	5-10MHz offset
	10~fmax offset

	70dB
	50
	43
	32

	100dB
	80
	73
	62

	130dB
	109
	102
	91


Table 3. out-of-band gain for MR
	PL
	0-5MHz frequency offset
	5-10MHz offset
	10~fmax offset

	53dB
	30
	23
	20

	83dB
	60
	53
	50

	100dB
	77
	70
	67


Table 4. out-of-band gain for LA
	PL
	0-5MHz frequency offset
	5-10MHz offset
	10~fmax offset

	45
	21
	14
	14

	75dB
	51
	44
	44

	100dB
	76
	69
	69



Analysis shows pathloss between repeater and gNB is essential for out of band gain calculation. For repeater it may deployed at cell edge or at cell center due to large penetration loss of building. For WA, 100dB is one suitable assumption since it could represent both the pathloss of cell edge(100dB) and the sum of MCL(70dB) and severe penetration loss (30dB). For MR, 83dB maybe one suitable assumption while for LA 75dB maybe one suitable assumption.
Proposal 5: out of band gain for WA, MR and LA is suggested as in table 2,3,4 with 100dB, 83dB and 75dB PL assumption respectively for FR1.
2.3 ACRR for FR1 and FR2
The same criteria to define out of band gain requirement also apply for ACRR and we have following assumption
Table 5 ACRR related to PL for WA
	PL
	WA

	70dB
	25

	100dB
	55

	130dB
	84


Table 6 ACRR related to PL for MR
	PL
	MR

	53dB
	8

	83dB
	38

	100dB
	55


Table 7 ACRR related to PL for LA
	PL
	LA

	45dB
	0

	75dB
	30

	100dB
	55



Proposal 6: ACRR requirement is suggested as 55dB, 38dB and 30dB for WA, MR and LA respectively with 100dB, 73dB and 65dB PL assumption respectively for FR1 .Proposal 7: for FR2 before defining out-of-band gain and ACLR requirement it is suggested to align the assumption for pathloss between repeater and interference source, beamforming gain toward repeater of interference source at first.
3. Conclusions
In this contribution, other radiated requirements except for power and emissions are discussed with following observation and proposals:
Observation 1: the EVM limit caused by repeater itself is almost irrelated to modulation scheme.
Proposal 1: the EVM limits for repeater are listed as below for both FR1 and FR2 
	EVM limit level
	[17.5%], 8%, 3.5%

	Note: all three EVM limits are not mandatory for all repeaters and repeater could declare which EVM limits are supported



Proposal 2: the modulation scheme for repeater testing is the modulation scheme corresponding to EVM limit that repeater support for both FR1 and FR2.
Proposal 3: Out-of-band gain requirement is defined in such a way that the sum of outside-passband unwanted power is less than gNB unwanted emission limits + 3dB for both FR1 and FR2.
Proposal 4: interferer source is assumed with the same power and same distance as donor BS when define out-of-band gain requirements for both FR1 and FR2.
Proposal 5: out of band gain for WA, MR and LA is suggested as in table 2,3,4 with 100dB, 83dB and 75dB PL assumption respectively for FR1.
Proposal 6: ACRR requirement is suggested as 55dB, 38dB and 30dB for WA, MR and LA respectively with 100dB, 73dB and 65dB PL assumption respectively for FR1.
Proposal 7: for FR2 before defining out-of-band gain and ACLR requirement it is suggested to align the assumption for pathloss between repeater and interference source, beamforming gain toward repeater of interference source at first.

4. Annex
Table parameters to calculate out of band gain
	RF metric
	limit
	comment

	DL output power from interference source A
	43dBm/100MHz for WA
38dBm/100MHz for MR
24dBm/100MHz for LA
	Interference mechanism is the amplification and distortion of wanted signal from interference source A which using outside passband frequency range

	Pathloss between repeater and interference source A
	PL
	

	DL unwanted emission from interference source B
	Refer to 38.104
	Interference mechanism is the amplification and distortion of unwanted emission from interference source B which using inside passband frequency range

	Pathloss between repeater and interference source B
	PL
	

	Thermal noise
	-174dBm/Hz + corresponding out-of-band gain
	Interference mechanism is the amplification of thermal noise out-of-side passband

	The interference source A and B are both assumed have the same output power as repeater for each class.
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