
3GPP TSG-RAN WG4 Meeting # 101-e										R4-2117722
Electronic Meeting, November 01-12, 2021

Agenda item:	8.5.2.3
Source: 	CMCC
Title: 	Discussion on other RF conducted requirements for NR repeater
Document for:	Discussion
1. Introduction
In last RAN4 #100 e-meeting, a new WF on repeaters RF requirement [1] was approved. 
For input IMD, the progress is blocked by interference type definition. Two options were proposed:
· two CW signals
· one NR modulated signal and one CW interference signal
For NF issue, the discussion still mark time and we haven’t made any decision about whether to explicitly define NF or not. 
In this contribution, we focus on input IMD and NF related FR1 conducted requirements for NR repeater.
2. Discussion
2.1 input IMD
For E-UTRA or UTRA spec, IMD distortion is 10dB higher than the level when no interference is introduced. Previous E-UTRA/UTRA spec doesn’t state whether there is a wanted signal inside passband when testing IMD distortion. The common understanding is that no wanted signal at input port. This means the IMD distortion is 10dB higher than amplified noise instead of the amplified wanted output power. Following table compares IMD power density and noise density inside passband to help evaluate whether IMD produced by NR modulated signal and CW signal is lower than noise floor. We assume there is no wanted signal at input port and only noise is amplified inside passband.
	IMD order
	third

	total power of IMD distortion 
	10dB higher than noise

	Bandwidth of modulated NR signal
	5MHz
	10MHz
	100MHz

	Frequency range of 3rd IMD distortion
	5/10MHz dependent on frequency location of NR modulated signal
	10/20MHz
dependent on frequency location of NR modulated signal
	100/200MHz
dependent on frequency location of NR modulated signal

	power density of IMD distortion 
	0~3dB higher than noise
	0~3dB less than noise
	10~13dB less than noise


Above analysis shows if bandwidth of NR interference signal is larger than 10MHz, 3rd IMD distortion density would be less than noise. This means if we insist to using one NR signal and one CW signal for IMD testing, we could only configure 10MHz or even less bandwidth for NR interference signal, otherwise the IMD distortion is unmeasurable. Considering in most NR deployment scenario, bandwidth of NR signal is larger than 10MHz. 10MHz or even less can’t represent the common feature of NR. NR+CW interference signals can’t reflect real IMD interference scenario. Therefore, it’s better to use two CW signals to define IMD distortion instead of one NR signal plus one CW signal.
Proposal 1: for input IMD, two CW signals are suggested with 10dB higher IMD distortion than noise floor.
Another issue is the frequency location of CW signals. Two options were proposed during previous discussion.
· Option 1: 2 CW signals with only one frequency for each signal
· Option 2: 2 CW signals whose frequency is swept such that the IM product sweeps across the passband
The main motivation of IMD test is to evaluate non-linearity characteristics of the whole repeater link. it’s true that IMD distortion is not flat among the whole passband frequency range. Sweeping IMD distortion across the whole passband is the ideal criteria but with huge testing workload. Maybe we could reduce the testing points to 3 or 5 to balance the workload the testing accuracy. Candidate testing points may be the centre of passband, [1MHz] higher than lowest frequency of passband, [1MHz] lower than the highest frequency of passband. 
Proposal 2: General input IMD requirements are listed as below by testing three test points in the passband.
Input intermodulation requirement
	f1 offset
	Interfering Signal Levels
	Type of signals
	Measurement bandwidth

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

	f1 offset is the offset from the channel edge frequency of the first or last channel in the pass band of the closer carrier.
The frequency separation between the two interfering signals shall be adjusted so that the 3rd order intermodulation product is positioned into following three test points:
the centre of the pass band, 1MHz higher than lowest frequency of passband, 1MHz lower than highest frequency of passband.


2.2 NF requirements 
NF relative agreements are listed as below. 
	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


NF is the key factor for receiver to reflect how much extra noise has been added due to non-linearity. There are two purposes of introducing NF equivalent requirements:
1) limit degraded signal quality: in last meeting, some companies proposed that EVM instead of NF is enough because it could reflect signal quality. We want to emphasize the specified EVM requirement applies only when repeater transmit at relatively high SNR (at least 15dB SNR for QPSK), in which case the total sum of interference and noise are much lower than the wanted signal and the impact of NF is negligible. However, there are some cases where EVM is not applicable. For example, repeater receives very weak signal with low SNR. Consequently, NF is decisive factor for degraded SINR. In such case where EVM requirement is not applicable, specifying NF requirement could help to avoid severe SINR degradation.
2) limit gNB side’s noise level: Here we assume the scenario where there are more than one repeater in one cell. gNB UL received signal from repeater at cell edge would be relatively weak and sensitive to noise floor. In some extreme case, the link between gNB and repeater at cell edge may be interrupted due to higher noise floor at gNB side increased by other repeater’s high NF.
Proposal 3: It is suggested to explicitly define NF considering the purpose of limiting degraded signal quality and limiting gNB side’s noise level.
About how to test NF, three options are listed as below:
· 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 
We prefer option 1, CMCC has used NF analyser to test NF for the past 20 years for 2G 3G and 4G repeaters. We have deployed 200,000 + LTE repeaters in our network. NF analyser works well even when there is digital filter inside repeater chain. The only condition for using NF analyser is to ensure both input and output ports of testing equipment are analog signal. There is also demodulate module in our repeater to help synchronize to gNB. But during the NF testing, we use test mode and the synchronization demodulate module doesn’t work. So maybe NF analyzer is still one candidate method of testing NF.
Proposal 4: NF analyzer is one candidate method of testing NF.
According to pre-meeting discussion, EVM based testing method is proposed based on below equation:
Output power = 10*log(EVM2)-174+NF+10*log10(Bandwidth) [+IM] where NF is amplified noise floor
The EVM in above equation is the EVM that is tested with less output power because we reduce input power instead of directly using the input power that achieve maximum output power. It is not the EVM we have specified, which is testing with maximum gain and achieving maximum output power. In other word, if we test input power using EVM requirement we should define a new EVM limit that applies when output power is less than the maximum value.
Observation 1: a new EVM limit is required when using EVM based method to test minimum input level with which output signal quality achieved.
3. Conclusions
In this contribution, other RF conducted requirements for repeater are discussed with following observation and proposals:
Proposal 1: for input IMD, two CW signals are suggested with 10dB higher IMD distortion than noise floor.
Proposal 2: General input IMD requirements are listed as below by testing three test points in the passband.
Input intermodulation requirement
	f1 offset
	Interfering Signal Levels
	Type of signals
	Measurement bandwidth

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

	f1 offset is the offset from the channel edge frequency of the first or last channel in the pass band of the closer carrier.
The frequency separation between the two interfering signals shall be adjusted so that the 3rd order intermodulation product is positioned into following three test points:
the centre of the pass band, 1MHz higher than lowest frequency of passband, 1MHz lower than highest frequency of passband.


Proposal 3: It is suggested to explicitly define NF considering the purpose of limiting degraded signal quality and limiting gNB side’s noise level.
Proposal 4: NF analyzer is one candidate method of testing NF.
Observation 1: a new EVM limit is required when using EVM based method to test minimum input level with which output signal quality achieved.
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