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1. Introduction
In last RAN4 #101 bis e-meeting, a new WF on repeaters ACRR and OOB gain requirement [1] was approved and it ends up with two options for further down selection. besides, since this is the last meeting for R17 core requirement, we try to discuss the other remaining issues to help finish R17 repeater core requirement in this meeting.
The main issues discussed in this contribution include:
· ACRR and OOB gain requirement
· Input IMD general requirement
· Low power EVM to reflect NF
2. Discussion
2.1 Out of band gain for FR1
Last meeting two options for OOB gain requirement are listed. Final definition of OOB gain is to achieve the trade-off between inter-operator interference avoidance and state of art technology. 
In [1], compared with option 1 the GTW outcome, option 2 is revised with following main modification:
1) The breakpoint of OOB gain is changed from 2GHz to 2.5GHz to avoid relax requirement for band between 2GHz and 2.5GHz e.g. band n1.
Option 2 in the WF seems more reasonable from our perspective and detailed analysis is listed as below:
For OOB gain requirement, it differentiate different classes with two set of requirements whether for option 1 and option2. The first one for WA/MR and the second one for LA considering that WA/MR repeater could tolerate higher cost with more stringent requirements. 2GHz used as the breakpoint is because we usually use 2GHz as the baseline assumption for FR1, but after further check, some band is partially above 2GHz but it is indeed the LTE band, e.g. band 1/n1. So the breakpoint of OOB gain is suggested to be enlarged to 2.5GHz to guarantee most LTE re-farming band with narrow bandwidth could still reuse the same requirement as LTE repeater.
Proposal 1: the breakpoint of frequency to differentiate OOB gain requirements is suggested as 2.5GHz instead of 2GHz.
For LA repeater, when the operator owns the whole 3GPP band or collaborates with operators in the whole 3GPP band, it is approved that no OOB gain requirements for the first 20MHz and there is no conclusion of OOB gain requirement for the frequency offset larger than 20MHz. OOB gain requirement is used to regulate the inter-operator interference between adjacent channels. From this point of view, if there is no other operator at adjacent channel, there is no need to define OOB gain requirements. Since we already defined out of band unwanted emission requirement, e.g. the spurious emission requirements, such requirements could help to implicitly regulate the OOB gain requirement at frequency offset range outside adjacent channel. Therefore, there is no need to explicitly define OOB gain requirement for such repeater.
Proposal 2: for LA repeater, there is no OOB gain requirement for the repeaters in which the operator owns the whole band or collaborates with operators in the whole band.
2.2 ACRR for FR1
Last meeting two options for ACRR requirement are listed. Final definition of ACRR is to achieve the trade-off between inter-operator interference avoidance and state of art technology. 
In [1], compared with option 1 the GTW outcome, option 2 is revised with following main modification:
1) ACRR requirement for both DL and UL is relaxed to reflect the state of art technology and to avoid too much stringent requirement that’s unachievable
Option 2 in the WF seems more reasonable from our perspective and detailed analysis is listed as below:
The main reason to relax ACRR is that 45dBc is too much stringent even compared with OOB gain requirements and is hard to be achievable. The OOB as below equals to 36.8dB ACRR over 20MHz adjacent channel bandwidth. If we try to define 45dBc ACRR, this means even 8dB more stringent requirement compared with OOB gain which is much stringent. 
[image: ]
90-10*log()=36.8dB ACRR
One example of attenuation performance of dielectric filter for 2.6GHz is listed as below and it could be noted that RF repeater could only achieve 6~7dB attenuation in the frequency offset range of 15~20MHz. So 45dBc ACRR is too much stringent for pure RF repeater. To achieve total 45dB attenuation, digital domain process part should contribute to 39dBc attenuation which is very hard and very challenging for parent state of art. 
Table 1: Performance of dielectric filter for 2.6GHz with 160MHz consecutive bandwidth
	Frequency offset range from the edge of passband
	Attenuation in dB

	15MHz~20MHz
	6

	20MHz~30MHz
	10

	30MHz~50MHz
	17

	Larger than 50MHz
	30

	Note: 160MHz consecutive BW.


 
Besides, in LTE era, Chinese operators deployed RF repeaters into network without any OOB gain or ACRR requirements (the reason for such non-3GPP device is because the OOB gain requirements in LTE repeater spec can’t be achievable for LA repeater). even for the band 3 that all three operators hold adjacent channels and use their own spectrum for the repeater deployment without any collaboration, the network could work well without any interference issue. 
Proposal 3: for ACRR, it is suggested to approve the option 2 in last meeting WF.
2.3 input IMD general requirements
In RAN4 #100 meeting, it is approved that -40dBm interference level if two CW signals are defined. In RAN4 #101 meeting, it finally approves to define two CW signals so -40dBm is the final interference level. We list it here just to make the conclusion more clearly. The same as LTE repeater spec, this requirement is applicable for FDD both DL and UL at maximum gain. But for TDD, it applies for DL synchronized TDD at maximum gain.
Proposal 4: input IMD general requirement is applicable for FDD DL and UL and synchronized TDD DL at maximum gain. and the interference signal level for input IMD general requirements is -40dBm.  
The remaining issue for input IMD is about the measurement bandwidth. 1MHz is the reasonable assumption for CW IMD production. So it is suggested to maintain the 1MHz measurement bandwidth.
Proposal 5: the general input intermodulation requirement is suggested as below:
Table 2. Input intermodulation requirement
	f1 offset
	Interfering Signal Levels
	Type of signals
	Measurement bandwidth

	1,0 MHz
	-40 dBm
	2 CW carriers
	1 MHz


2.4 low power EVM
The agreement of low power EVM in last meeting is listed as below for information.
	Agreement: 
Define core requirement for input level range for which EVM needs to be met, but test only maximum power
Still open:
Further discuss candidate values for the minimum input power level for which EVM needs to be met together with channel BW and modulation.
Proposed methodologies, still needing further discussion:
-	Option 1: Set budged for termal noise and other sources assuming they are non-correlated; NF could be class-dependent. Derive input power level based on the budget.
-	Option 2: state that the EVM shall be met for output power levels from maximum output power down to some margin, XdB below maximum output power
Question 5: Which further details are still missing from low-power EVM definition ?
Candidate options:
Option 1: input power level, signal bandwidth, used modulation and EVM-%
Option 2: please list other missing aspects
Further open aspects:
o	NF expectation
o	Allowed EVM degradation
o	How to make core requirement applicable for all bandwidths



In last meeting, some companies suggest to calculate the min input power by following formula:
Minimum input power = -174 + 10*log10(CBW) + NF - 20*log10(EVM/100)
The EVM is 8% and it also assume that 50% contribution of EVM comes from thermal noise, i.e. 5.6% EVM comes from noise. This means the implementation margin is almost 3dB=-20log(0.08)-[-20log(0.056)]. For RF repeater, PA is the main factor that impact final EVM value, so 50% seems like reasonable.
The NF for repeater is suggested to be the same as gNB assumption, i.e. 5dB for WA, 10dB for MR, 13dB for LA. Therefore, final minimum input power is as below with 0.08% EVM assumption.
Pin = -74 + 10*log10(CBW/10MHz) for WA 64QAM and -67 + 10*log10(CBW/10MHz) for WA 256QAM
Pin = -69 + 10*log10(CBW/10MHz) for MR 64QAM and -62 + 10*log10(CBW/10MHz) for MR 256QAM
Pin = -66 + 10*log10(CBW/10MHz) for LA 64QAM and -59 + 10*log10(CBW/10MHz) for LA 256QAM
Except for above methodology, it is also suggested to define XdB below maximum output power. Our preference is to use above formula instead of the X dB below maximum output power. The main reason is that XdB will also include the tolerance of amplification gain e.g. 2dB which is relatively high value compared with final NF considering NF may only be 5dB. So our preference is to define equivalent NF using above formula. Since we don’t test such input level during the conformance testing, it is suggested to maintain above formula into the spec to reflect different BW and different modulation scheme. But from this point view, it seems better to directly define NF rather than using the combination of NF, EVM and modulation scheme.
Observation 1: if we don’t test equivalent NF into the conformance part, it seems better to just define NF into the spec rather than use low power EVM as the alternative because modulation scheme and BW factors into the formula is not constant and if they are just listed there as variate then the final formula just regulate NF.
Since it is already approved to use low power EVM as equivalent NF requirement, we could also accept it. And our preference EVM contrition from thermal noise is 50% and final minimum input power is related to channel bandwidth as below:
Proposal 6: NF equivalent requirements is defined based on different BW and is calculated based on EVM formula with the assumption that noise contribute to 50% EVM and the same NF assumption as gNB.
For WA/dBm
	EVM
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	8%
	-77.01
	-74.00
	-72.24
	-70.99
	-70.02
	-69.23
	-67.98
	-67.01
	-66.22
	-65.55
	-64.97
	-64.46
	-64.00

	3.5%
	-70.01
	-67.00
	-65.24
	-63.99
	-63.02
	-62.23
	-60.98
	-60.01
	-59.22
	-58.55
	-57.97
	-57.46
	-57.00


 For MR/dBm
	EVM
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	8%
	-72.01
	-69.00
	-67.24
	-65.99
	-65.02
	-64.23
	-62.98
	-62.01
	-61.22
	-60.55
	-59.97
	-59.46
	-59.00

	3.5%
	-65.01
	-62.00
	-60.24
	-58.99
	-58.02
	-57.23
	-55.98
	-55.01
	-54.22
	-53.55
	-52.97
	-52.46
	-52.00


For LA/dBm
	EVM
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	8%
	-69.01
	-66.00
	-64.24
	-62.99
	-62.02
	-61.23
	-59.98
	-59.01
	-58.22
	-57.55
	-56.97
	-56.46
	-56.00

	3.5%
	-62.01
	-59.00
	-57.24
	-55.99
	-55.02
	-54.23
	-52.98
	-52.01
	-51.22
	-50.55
	-49.97
	-49.46
	-49.00



3. Conclusions
In this contribution, ACRR, out of band gain, input IMD and lower power EVM conducted requirements for repeater are discussed with following observation and proposals:
Proposal 1: the breakpoint of frequency to differentiate OOB gain requirements is suggested as 2.5GHz instead of 2GHz.
Proposal 2: for LA repeater, there is no OOB gain requirement for the repeaters in which the operator owns the whole band or collaborates with operators in the whole band.
Proposal 3: for ACRR, it is suggested to approve the option 2 in last meeting WF.
Proposal 4: input IMD general requirement is applicable for FDD DL and UL and synchronized TDD DL at maximum gain. and the interference signal level for input IMD general requirements is -40dBm. 
Proposal 5: the general input intermodulation requirement is suggested as below:
Table 2. Input intermodulation requirement
	f1 offset
	Interfering Signal Levels
	Type of signals
	Measurement bandwidth

	1,0 MHz
	-40 dBm
	2 CW carriers
	1 MHz


Observation 1: if we don’t test equivalent NF into the conformance part, it seems better to just define NF into the spec rather than use low power EVM as the alternative because modulation scheme and BW factors into the formula is not constant and if they are just listed there as variate then the final formula just regulate NF.
Proposal 6: NF equivalent requirements is defined based on different BW and is calculated based on EVM formula with the assumption that noise contribute to 50% EVM and the same NF assumption as gNB.
For WA/dBm
	EVM
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	8%
	-77.01
	-74.00
	-72.24
	-70.99
	-70.02
	-69.23
	-67.98
	-67.01
	-66.22
	-65.55
	-64.97
	-64.46
	-64.00

	3.5%
	-70.01
	-67.00
	-65.24
	-63.99
	-63.02
	-62.23
	-60.98
	-60.01
	-59.22
	-58.55
	-57.97
	-57.46
	-57.00


 For MR/dBm
	EVM
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	8%
	-72.01
	-69.00
	-67.24
	-65.99
	-65.02
	-64.23
	-62.98
	-62.01
	-61.22
	-60.55
	-59.97
	-59.46
	-59.00

	3.5%
	-65.01
	-62.00
	-60.24
	-58.99
	-58.02
	-57.23
	-55.98
	-55.01
	-54.22
	-53.55
	-52.97
	-52.46
	-52.00


For LA/dBm
	EVM
	5
MHz
	10
MHz
	15
MHz
	20 MHz
	25 MHz
	30
MHz
	40 MHz
	50 MHz
	60 MHz
	70
MHz
	80 MHz
	90
MHz
	100 MHz

	8%
	-69.01
	-66.00
	-64.24
	-62.99
	-62.02
	-61.23
	-59.98
	-59.01
	-58.22
	-57.55
	-56.97
	-56.46
	-56.00

	3.5%
	-62.01
	-59.00
	-57.24
	-55.99
	-55.02
	-54.23
	-52.98
	-52.01
	-51.22
	-50.55
	-49.97
	-49.46
	-49.00
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Maximum gain

[0,2]< f_offset CW < [4,0] MHz 60 dB
[4,0]< f_offset_CW < [15,0] MHz 45 dB
[15,0] MHz <f_offset CW 35dB





