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Introduction
In previous RAN4#104bise meeting, there was discussion on repeater stimulus signal purity, and agreed to re-define FR1 signal and continue to discuss FR2-1 signal. We proposed to use ACP type definition from TE vender point of view and this contribution provides background and proposal. 
Discussion
As highlevel overview, from Signal Generator point of view, noise level adjacent to channel edge (outside) can be defined as relative level from carrier power. Increasing carrier power (wanted signal power) makes noise level adjacent to carrier increased equally where in output amplifier linear range then hitting output power ampliefier P1dB level which starts noise level increasing larger than carrier (wanted) signal level increase. 
On the other hand, as it was defined before or other proposal, defining noise level as absolute level makes limt of carrier (wanted) signal level. Because of test definition of repeater, necessary stimulus signal power level at device input (or at RIB) depends on each device and test system for OTA, signal level at device input (or at RIB) is not clar and can’t be defined. This makes difficulty of defining signal purity by absolute level because we can’t tell test feasibility by defining absolute lelvel. 
Observation 1; Necessary stimulus signal power level at device input (or at RIB) depends on each devive and test setup, then it can’t be defined.
Proposal 1; Define stimulus signal purity by relative level to carrier (wanted stimulus) signal power. Otherwise, we can’t tell test signal feasibility.

For ACLR testing, carrier and adjacent noise are equally amplified in passband except passband edge. For pass band edge, we assume outside of supported frequency range would be started to be filtered off and not equally amplified (less amplified). 
Considering noise level increase, amplifier flatness inside passband, and by noise figure would contribute. For these reasons, some margin should be added noise level of stimulus signal. With thease, assuming worst case as added noise to noise floor makes it to be equal to noise from stimulus, which makes 3dB increase of noise level, would be good assumption as margin. (note, if this increase comes all from NF, means NF=10dB with system noise floor as SN=10dB assumption)
For OBUE testing, because limit value is defined as absolute level, stimulus signal power level would be limited by signal ACP type performance. However, again, because necessary signal level can vary by each device, it’s not possible to tell test feasibility by general stimulus signal purity.

FR1
For FR1 ACLR, from TS38.115-1 v0.2.0 [1], adjacent channel noise limit is
· Channel BW <=20MHz, 44.2 dBc
· Channel BW > 20 MHz, 43.8 dBc 
· (Note, UL requirement is higher in noise level comparing with DL requirement)
· (Note, ACLR requirement is to measure the same BW on adjacent channel center, not started from channel edge)
For FR1 OBUE, following is most stringent.
Table 6.5.3.4.4-1: Local Area repeater type 1-C operating band unwanted emission limits (NR bands ≤3GHz)
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirements (Note 1, 2)
	Measurement bandwidth 

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	

	100 kHz 

	5 MHz  f < min(10 MHz, Δfmax)
	5.05 MHz  f_offset < min(10.05 MHz, f_offsetmax)
	-35.5 dBm
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax 
	-37 dBm (Note 10)
	100 kHz 

	NOTE 1:	For a repeater type 1-C supporting non-contiguous spectrum operation within any operating band the emission limits within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passband. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the gap between passband, where the emission limits within gaps between passbands shall be -37dBm/100kHz.
NOTE 2:	For a multi-band connector with inter-passband gap < 2*ΔfOBUE the emission limits within the inter-passband gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or passband on each side of the inter-passband gap
NOTE 3:	The requirement is not applicable when fmax < 10 MHz.




Proposal 2:
· For FR1 stimulus, use following as stimulus purity with considering 3dB as margin to ACLR requirement, with also adding definition at channel edge and use 100 kHz measurement bandwidth taking these from OBUE requirement.

· For Nominal channel bandwidth of passband < = 20 MHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	50.0 kHz outside from channel edge
	47.2 dBc (Note 1)
	Square (100 kHz)
	100 kHz 

	Center of adjacent channel frequency with same nominal channel BW 
	47.2 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW



· For Nominal channel bandwidth of passband > 20 MHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	50.0 kHz outside from channel edge
	46.8 dBc (Note 1)
	Square (100 kHz)
	100 kHz 

	Center of adjacent channel frequency with same nominal channel BW 
	46.8 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW




FR2
For FR2 ACLR, from TS38.115-2 v0.2.0 [2], adjacenet channel noise limit is
· Frequency 24.25 G ~ 33.4 GHz, 25.7 dBc 
· Frequency 37 G ~ 43.5 GHz, 23.4 dBc 
· Frequency 43.5 ~ 48.2 GHz, 23.2 dBc 
For FR2 OBUE, following is most stringent
Table 6.5.3.4.2-1: OBUE limits applicable in the frequency range 24.25 – 33.4 GHz
	Frequency offset of measurement filter -3 dB point,  f 
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 MHz  f < 0.1*BWcontiguous
	0.5 MHz  f_offset < 0.1* BWcontiguous +0.5 MHz
	Min(-2.3 dBm, Max(Prated,t,TRP – 32.3 dB, -9.3 dBm))
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	Min(-13 dBm, Max(Prated,t,TRP – 43 dB, -20 dBm))
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	Min(-5 dBm, Max(Prated,t,TRP – 33 dB, -10 dBm))
	10 MHz

	NOTE 1:	For non-contiguous spectrum operation within any operating band the limit within gaps between passbands is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the gap between passbands. 
NOTE 2:	fB = 2*BWcontiguous when BWcontiguous ≤ 500 MHz, otherwise fB = BWcontiguous + 500 MHz.





Proposal 3:
· For FR2 stimulus, use following as stimulus purity with considering 3dB as margin to ACLR requirement, with also adding definition at channel edge and use 1 MHz measurement bandwidth taking these from OBUE 
· For Frequency range 24.25 GHz ~ 33.4 GHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	0.5 MHz outside from channel edge
	28.7 dBc (Note 1)
	Square (1 MHz)
	1 MHz 

	Center of adjacent channel frequency with same nominal channel BW 
	28.7 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW




· For Frequency range 37.0 GHz ~ 43.5 GHz

	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	0.5 MHz outside from channel edge
	26.4 dBc (Note 1)
	Square (1 MHz)
	1 MHz 

	Center of adjacent channel frequency with same nominal channel BW 
	26.4 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW




· For Frequency range 43.5 GHz ~ 48.2 GHz

	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	0.5 MHz outside from channel edge
	26.2 dBc (Note 1)
	Square (1 MHz)
	1 MHz 

	Center of adjacent channel frequency with same nominal channel BW 
	26.2 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW





Conclusion and Summary
Observation 1; Necessary stimulus signal power level at device input (or at RIB) depends on each devive and can’t be defined.
Proposal 1: Define stimulus signal purity by relative level to carrier (wanted stimulus) signal power. Otherwise, we can’t tell test signal feasibility.
Proposal 2:
· For FR1 stimulus, use following as stimulus purity with considering 3dB as margin to ACLR requirement, with also adding definition at channel edge and use 100 kHz measurement bandwidth taking these from OBUE requirement.
· For actual values, please refer to above tables

Proposal 3:
· For FR2 stimulus, use following as stimulus purity with considering 3dB as margin to ACLR requirement, with also adding definition at channel edge and use 1 MHz measurement bandwidth taking these from OBUE 
· For actual values, please refer to above tables
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[bookmark: _Toc503965152][bookmark: _Toc117256532]A.3	Repeater stimulus signal spectral purity requirements
The reference channels or test models constituting the repeater stimulus signal shall fulfil the spectral purity requirements defined in table A.3-1., where:
-	the reference spectral density shall be taken 200 kHz off the carrier centre frequency with an integration bandwidth of 30 kHz.
-	f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.
-	f_offset is the separation between the channel edge frequency and the centre of the measuring filter.
-	f_offsetmax is the offset to the frequency 10 MHz outside the downlink operating band.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
-	the minimum spectral density suppression is related to the reference spectral density.
[bookmark: _Hlk109733077][Table A.3-1: Repeater stimulus signal spectral purity requirements]
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measure-ment bandwidth 

	0 MHz  f < 0.15 MHz
	0.015 MHz   f_offset < 0.165 MHz
	-40 + 20*( f_offset -0.015) dBc
	30 kHz

	0.15 MHz  f < 0.2 MHz
	0.165 MHz   f_offset < 0.215 MHz
	-37 dBc
	30 kHz

	0.2 MHz  f < 1 MHz
	0.215 MHz  f_offset < 1.015 MHz
	

	30 kHz 

	
	1.015 MHz  f_offset < 1.5 MHz
	-106 dBm
	30 kHz

	1 MHz  f < 2.8 MHz
	1.5 MHz  f_offset < 
2.85 MHz
	-78 dBm
	1 MHz 

	2.8 MHz  f  fmax
	2.85 MHz  f_offset < f_offsetmax 
	-80 dBm
	1 MHz

	NOTE: 	Frequencies and bandwidths are given in MHz



[bookmark: _Hlk118752295]Table A.3-1a: Repeater stimulus signal spectral purity requirements for channel BW ≤ 20 MHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	50.0 kHz outside from channel edge
	47.2 dBc (Note 1)
	Square (100 kHz)
	100 kHz 

	Center of adjacent channel frequency with same nominal channel BW 
	47.2 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW



Table A.3-1b: Repeater stimulus signal spectral purity requirements for channel BW > 20 MHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	50.0 kHz outside from channel edge
	46.8 dBc (Note 1)
	Square (100 kHz)
	100 kHz 

	Center of adjacent channel frequency with same nominal channel BW 
	46.8 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW
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[bookmark: _Toc11136]A.3	Repeater stimulus signal spectral purity requirements
The reference channels or test models constituting the repeater stimulus signal shall fulfil the spectral purity requirements defined by table A.3-1., where;
-	the reference spectral density shall be taken 200 kHz off the carrier centre frequency with an integration bandwidth of 30 kHz.
-	f is the separation between the channel edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.
-	f_offset is the separation between the channel edge frequency and the centre of the measuring filter.
-	f_offsetmax is the offset to the frequency 10 MHz outside the downlink operating band.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
-	the minimum spectral density suppression is related to the reference spectral density.
[Table A.3-1: Repeater stimulus signal spectral purity requirements]
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measure-ment bandwidth 

	0 MHz  f < 0.15 MHz
	0.015 MHz   f_offset < 0.165 MHz
	-40 + 20*( f_offset -0.015) dBc
	30 kHz

	0.15 MHz  f < 0.2 MHz
	0.165 MHz   f_offset < 0.215 MHz
	-37 dBc
	30 kHz

	0.2 MHz  f < 1 MHz
	0.215 MHz  f_offset < 1.015 MHz
	

	30 kHz 

	
	1.015 MHz  f_offset < 1.5 MHz
	-106 dBm
	30 kHz

	1 MHz  f < 2.8 MHz
	1.5 MHz  f_offset < 
2.85 MHz
	-78 dBm
	1 MHz 

	2.8 MHz  f  fmax
	2.85 MHz  f_offset < f_offsetmax 
	-80 dBm
	1 MHz

	NOTE: 	Frequencies and bandwidths are given in MHz



Table A.3-1a: Repeater stimulus signal spectral purity requirements in frequency range 24.25 – 33.4 GHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	0.5 MHz outside from channel edge
	28.7 dBc (Note 1)
	Square (1 MHz)
	1 MHz 

	Center of adjacent channel frequency with same nominal channel BW 
	28.7 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW



Table A.3-1b: Repeater stimulus signal spectral purity requirements in frequency range 37.0 – 43.5 GHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	0.5 MHz outside from channel edge
	26.4 dBc (Note 1)
	Square (1 MHz)
	1 MHz 

	Center of adjacent channel frequency with same nominal channel BW 
	26.4 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW



Table A.3-1c: Repeater stimulus signal spectral purity requirements in frequency range 43.5 – 48.2 GHz
	Center frequency of measurement filter
	Minimum requirements
	Measurement filter type and filter bandwidth
	Integration bandwidth 

	0.5 MHz outside from channel edge
	26.2 dBc (Note 1)
	Square (1 MHz)
	1 MHz 

	Center of adjacent channel frequency with same nominal channel BW 
	26.2 dBc (Note 2)
	Square (nominal channel BW)
	Nominal channel BW

	NOTE 1:	the reference spectral density shall be taken at the carrier center frequency with an integration bandwidth of 100 kHz.
NOTE 2:	the reference spectral densigy shall be taken at the carrier center frequency with an integration bandwidth of nominal carrier BW
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