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Introduction
[bookmark: OLE_LINK2]In the past RAN4 meetings, there were lots of discussion on repeater conducted output power and emission requirements and there were lots of open issues left for further discussions. Therefore in this contribution, we want to share some further considerations on those remaining open issues.
[bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: OLE_LINK20][bookmark: OLE_LINK10]Discussion  
2.1. EVM requirements
In last RAN4 meeting, we reached some high level agreement for repeater EVM and this is also linked to 256QAM, 64QAM and FFS for other low data rate, however the exact EVM requirement for different modulation order is still FFS. Therefore in the following section, we want to share further inputs on this issues. 
	Agreement 1-1: Define EVM limits in the spec.

	Agreement 1-2: 256 QAM scenario should be considered for repeater spec. 256 QAM is not necessary for FR2 UL.

	Agreement 1-3: If EVM are based on declaration, regardless of declaration of basic limits or modulation scheme, the declaration for DL and UL are independent.

	Agreement 1-4: 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



	Companies are encouraged to further study on following issues in Nov meeting:
· Whether to define more stringent requirements compared with BS spec



Firstly, in the past, EVM requirement for different modulation orders is generally based on the acceptable performance loss with introduction of EVM for each modulation order. If to follow performance loss 5% which is widely used in lots of RF requirement, then we could derive the following relationship between required EVM and operating SNR as shown in Figure 1. 
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Figure 1. The relationship between required EVM and SNR
If we follow the 5% performance loss for repeater EVM definition, then we could derive required EVM requirement for repeater in Table 1. Required EVM is slightly higher than that legacy gNB since operating SNR after consideration of gNB EVM in practice as input of repeater would be a bit lower, then the corresponding required EVM would also be a bit higher.
Based on the theoretical analysis in Table 1, it could be found that LTE 8% EVM requirement could at least support QPSK,16QAM and 64QAM with less than 5% performance loss, however this is not valid for 256QAM modulation order anymore. In the last meeting, it was agreed that 256QAM should be considered, therefore more tighten EVM requirement like 3.5% should be considered if supported.    
Table 1. required EVM for repeater with 5% performance loss
	Modulation scheme for PDSCH
	Operating SNR for input signal for repeater
	Required EVM
	Required EVM for repeater
	Required EVM for repeater

	QPSK
	5.2dB
	17.5 %  
	4.7821
	18.0 %

	16QAM
	9.4dB
	12.5 % 
	8.8460
	13.0 % 

	64QAM
	14.9
	8 % 
	14.1214
	8.5 %

	256QAM
	24.2dB
	3.5 % 
	22.9839
	 3.9 %



Finally, it maybe also necessary to check the actual EVM contributor in repeater, PA non-linearity should be still biggest contributor for repeater, therefore it should be same story for gNB and repeater. In addition, for repeater, additional LNA performance at the first stage of signal reception might also contribute lots to the noise floor of whole RF chain. In addition, repeater don’t have ADC and I/Q chain, therefore I/Q imbalance impacts and ADC distortion noise could also been ignored. Repeater will be also relative cheaper than BS, the performance might be also not as good as BS performance. Therefore based on all considerations above, we think that for repeater supporting 256QAM, then 3.5% EVM should be applied. 
For repeater supporting QPSK or 16QAM and 64QAM, LTE EVM requirement 8% could be also been applied.
Proposal 1: for repeater supporting 256QAM, 3.5% EVM requirement should be applied; for repeater supporting QPSK, 16QAM and 64QAM, 8% EVM requirement should be applied;
2.2. NF equivalent requirements
In last RAN4 meeting, there are some discussion on NF related requirements and testing issues, there are several options left for further discussion, therefore in the following section, we want to share some initial understandings on this issue.
	Further discuss the purpose of introducing NF equivalent requirements including:
1) Verify SINR degradation with internal noise floor
2) Ensure the interference co-existence performance inside the passband 
FFS whether dedicated NF requirements need to be introduced, or can be implicitly verified by other requirements including EVM requirements and emission requirements. 
The potential options for defining NF requirements if dedicated NF requirements introduced:
· Option 1: NF
· Option 2: maximum passband output power level with no input signal
· Option 3: minimum input level with which output signal quality achieved 



	Companies are encouraged to further study on following issues in Nov meeting:
Which candidate requirement is more reasonable from the aspects of testing feasibility.



For option 1, this should be more straight forward way, this could be done as following way, we are also fine with that if operator has strong request. 
For option 3, This is exactly how to define BS Tx total dynamic range requirement in which we need to identify the minimum output power to meet the EVM requirement.  Then what's basic criteria to find out this lowest level, as mentioned by Tom, it should be as following where noise figure should be dominated factor.
Output power = 10*log(EVM-2)-174+NF+10*log10(Bandwidth) [+IM] where NF is amplified noise floor;   
Indeed, there are no much difference between option 1 and option 3 since option 3 is to use 3GPP-RAT based signals while option 1 is to use testing signals from TE vendors.  
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Figure 2. Noise Figure measurement for repeater for FR1 repeater type 1-C
Proposal 2: fine with either option1 or option 3;
2.3. Input IMD requirements
In last RAN4 meeting, there are some discussion on input IMD requirements, there are several options left for further discussion, therefore in the following section, we want to share some initial understandings on this issue.
	Agreement 3-1: the same interference signal types apply for general IMD, co-located IMD and co-existence IMD.

	Agreement 3-2: For general IMD, 
· NR interference signal level refers to BS in-band blocking requirements if finally approve to define NR interference signal. FFS whether to differentiate IMD requirements among different classes.  
· -40dBm interference level if two CW signals are defined

	Agreement 3-3: For co-located IMD, interference signal level refers to co-located blocking requirements of BS. FFS whether to differentiate IMD requirements among different classes

	Agreement 3-4: For co-existence IMD, interference signal level refers to out-of-band blocking requirements of BS. FFS whether to differentiate IMD requirements among different classes

	Issue 3-1:  FFS on interference signal types
Option 1: 2CW signals whose frequency is swept such that the IM product sweeps across the passband
Option 2: CW+NR modulated signal
Option 3: 2 CW signals with only one frequency for each signal
Companies are encouraged to further check which option is preferred in next meeting from the aspects:
· Further check whether additional IMD distortion is below the noise with some typical assumptions on amplified noise if NR signal is assumed as interference.
· Further check whether IMD requirement is still necessary if IMD distortion doesn’t cause any additional interference above amplified noise
· Whether only one static frequency is enough if two CW signals are defined



For issue 3-1, based on the existing requirement defined in TS 36.106, the input IMD requirement is to generate the 
3rd order intermodulation product is positioned in the centre of the pass band for general IMD and the lowest order intermodulation product is positioned in the centre of the pass band for co-located IMD and co-existence IMD., However if we follow the existing RAN4 BS RX IMD requirements, then 3rd order intermodulation should be positioned next to carrier edge based on the freq offset definition, therefore we think that it cannot be reused directly without any updates. In order to avoid the further complicated standardization efforts to retunning frequency offset of interfering signal to align with center of pass band, we still propose to use two CW signals. 
Proposal 3: propose to use two CW signals the same as LTE repeater with intermodulation product is positioned in the centre of the pass band. 
2.4. Out of band gain requirements
In last RAN4 meeting, there are some discussion on out of band requirements, there are several options left for further discussion, therefore in the following section, we want to share some initial understandings on this issue.
	Agreement 4-1: the interference mechanisms to define gain outside passband include 
1) amplification of unwanted noise emission from other sources including donor BS or other transmitter
2) re-amplification and distortion of other operators’ wanted carrier
3) amplification of thermal noise
4) emissions generated inside the repeater



	Agreement 4-2: ACRR only refers to amplification of adjacent channels outside of the passband instead of inside passband.



	Companies are encouraged to consider the assumption for out of band gain requirements from following aspects in Nov e-meeting:
· separation distance
· FFS whether to reuse the same power and distance assumption as donor BS
· antenna gain and pattern (in beam / out of beam)
· different frequency range 
· realistic filter performance considering larger channel bandwidth compared with E-UTRA spec



Firstly, regarding the agreement 4-2, ACRR only refers to amplification of adjacent channels outside of the passband, indeed, this is not precise enough, as shown in the following Figure 3 based on the ACRR definition in TS 36.106 spec, ACRR requirement is defined as the ratio of the RRC weighted gain per carrier of the repeater in the pass band to the RRC weighted gain of the repeater on an adjacent channel outside the repeater pass band. Therefore it’s relative value for comparison of RRC weight gain between pass band and outside pass band. 
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Secondly, regarding the OOBB gain for FR1 repeater, we think that the existing LTE out of band gain requirement could be reused similar power limitation. If similar LTE front-end PA and analog filter was also used for NR based repeater, with the same maximum gain setting for in-band gain, out of band gain will also be reduced compared to the values of in-band, we don’t see much necessity to revise it.
Proposal 4: LTE out of band gain requirement could be reused for FR1 NR based repeater;
2.5. ACRR
In last RAN4 meeting, there are some discussion on out of band gain and ACRR requirement, there are several options left for further discussion, therefore in the following section, we want to share some initial understandings on this issue.
Agreement 5-1: Some clarification of ACRR and out of band gain
· Option 1: OOB gain is used to regulate the response to unwanted emissions from donor BS or other transmitter, ACRR is used to regulate the re-amplification & distortion of other carriers
· Option 2: the relationship between out-of-band gain and ACRR is that it is similar to OBUE and relative ACLR, but ACRR and OOB gain consider emissions which are not originating from the repeater but from another source. ACLR and ACRR limit the integrated impact over adjacent channel whereas out-of-band gain and OBUE look at narrowband case. As a whole, a stronger narrowband emission peak can be allowed, as long as total interference stays in control. 
· Option 3: OOB gain and ACRR are both used to regulate the response to unwanted emission from other sources and to regulate the re-amplification &distortion of other carriers.
Option 4: others…

As mentioned in section 2.4, ACRR requirement is defined as the ratio of the RRC weighted gain per carrier of the repeater in the pass band to the RRC weighted gain of the repeater on an adjacent channel outside the repeater pass band. Therefore it’s relative value for comparison of RRC weight gain between pass band and outside pass band. This is just nature of front-end PA with high PA gain within pass band and reduced PA gain outside pass band gain. 
For Out of band gain, this is absolute value for PA gain next to pass band where in-band gain could be like 90dBc as documented in 25.956 section 5.2.1.
Based on the assumption of in-band gain as 90dBc and following out of band gain, then ACRR requirement as 33dBc for repeater with high output power is reasonable and could well match relationship between ACRR and out of band gain. 

	Frequency offset, f_offset_CW
	Maximum gain

	0,2  f_offset_CW < 1,0 MHz
	60 dB

	1,0  f_offset_CW < 5,0 MHz
	45 dB

	5,0  f_offset_CW < 10,0 MHz
	45 dB

	10,0 MHz  f_offset_CW
	35 dB



Observation 1: ACRR is relative value for comparison of RRC weight gain between pass band and outside pass band and out of band gain is absolute value for PA gain next to pass band.
Proposal 5: LTE ACRR requirement could be reused for FR1 NR based repeater; 
Conclusions
In this contribution, we want to share some further considerations on those remaining open issues of conducted repeater and proposals are made as following:
Proposal 1: for repeater supporting 256QAM, 3.5% EVM requirement should be applied; for repeater supporting QPSK, 16QAM and 64QAM, 8% EVM requirement should be applied;
Proposal 2: fine with either option1 or option 3. 
Proposal 3: propose to use two CW signals the same as LTE repeater with intermodulation product is positioned in the centre of the pass band.
Proposal 4: LTE out of band gain requirement could be reused for FR1 NR based repeater;
Observation 1: ACRR is relative value for comparison of RRC weight gain between pass band and outside pass band and out of band gain is absolute value for PA gain next to pass band.
Proposal 5: LTE ACRR requirement could be reused for FR1 NR based repeater; 
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