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Introduction
Question raised in RAN#104 meeting if existing E-UTRA/FR1 stimulus signal spectral purity can be applied for FR2 repeater testing. This contribution is our view and proposal for repeater test stimulus signal. 
Discussion
Here is agreement captured in WF document [1] from previous meeting;

2.1	Sub-topic 2-1 Input signal spectral purity
	(some text removed) 
As per Moderator proposal discussed during the GTW, the following WF is agreed:
1. No need to check repeater stimulus signal spectral purity requirements with ETSI ERM/MSG TFES,
2. For FR1, reuse the repeater stimulus signal spectral purity requirements from E-UTRA repeater specification, as baseline. 
3. For FR2: the repeater stimulus signal spectral purity requirements are FFS.

We have reviewed existing E-UTRA spectral purity requirement in TS36.143 [2] as well as repeater stimulus signal definition for E-UTRA, also reviewed 5G NR repeater TP in bigCR R4-2211698 (for 38.115-1) and R4-2214368 (for 38.115-2). We found follow observation. In short, current E-UTRA spectral purity requirement should be revised to meet 5G NR stimulus signal for repeater testing including FR1 although it was agreed already. 
Observation-1:
· While TS36.143 defines E-UTRA stimulus signal with using 1.4 MHz bandwidth signal, however, current bigCR for 38.115 defines stimulus signal with 5 MHz bandwidth signal for FR1 and 50 MHz bandwidth signal for FR2
· In E-UTRA spectral purity requirement, it was made to make it clear to pass unwanted emission test (OBUE) requirement with 1.4 MHz bandwidth signal and narrower bandwidth (less than 5MHz) (please see [2][5][6]), which doesn’t apply to 5G NR and OBUE requirement is different from E-UTRA, it doesn’t make sense to keep using the same requirement including FR1.
Observation-2:
· Motivation is to make sure stimulus signal itself clearly pass test requirement.
Observation-3:
· For FR2, which is tested under OTA, large pathloss reduces emission level from signal generator.

Proposal
With E-UTRA and 5G NR has difference in stimulus signal and unwanted emission requirement (specifically OBUE) different, it doesn’t make sense to re-use E-UTRA spectral purity requirement although the one for FR1 to re-use was already agreed in previous meeting, which we overlooked, and we suspect other company’s delegates in this discussion also overlooked.
· Rather defining detail of stimulus signal spectral purity like E-UTRA specification, for 5G NR, just to state stimulus signal to clear requirement, or simply remove this requirement from specification.

Conclusion and Summary
Proposal-1
· Although it was agreed to re-use E-UTRA repeater specification for FR1 stimulus signal spectral purity requiments, revert this ageement and revise stimulus signal spectral purity requirement for FR1. This is because of findings of original intention and motivation of E-UTRA specification and difference of stimulus signal and testing between E-UTRA and 5G NR.
Proposal-2
· For both FR1 and FR2 5G NR repeater specification, state following as signal spectral purity requimenets, because it is obvious that stimulus signal should clear test requirement by itself.
· Option 1. State as “Stimulus signal spectral purity should clear test requirement by stimulus signal itself.” And remove current table for FR1.
· Option 2. Remove Stimulus signal spectral purity requirement Annex from 5G NR repeater test specification.
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Annex

Stimulus spectral purity requirement in Annex D of TS36.143

Table D.5-1: 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 bandwidth are given in MHz



OBUE requirement in TS36.143

[bookmark: _Toc503965063]9.1.5	Test requirements
Emissions shall not exceed the maximum levels specified in the tables below, where:
-	f is the separation between the nominal pass band edge frequency and the nominal -3dB point of the measuring filter closest to the carrier frequency.
-	Nominal passband edge is the lowest and highest frequency of the pass band of the repeater.
-	BWMeas is the measurement bandwidth.
-	BWPass band is the bandwidth of the repeaters pass band.
-	f_offset is the separation between the nominal pass band edge frequency and the centre of the measuring filter.
-	f_offsetmax is the offset to the frequency 10 MHz outside the repeater operating band.
-	fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
The requirements of either subclause 9.1.5.1 or subclause 9.1.5.2 shall apply.
The Additional operating band unwanted emission limits defined in subclause 9.1.5.3 below may be mandatory in certain regions. In other regions it may not apply.
The requirements of subclause 9.1.5.4 shall apply.
Unless otherwise stated, all requirements are measured as mean power (RMS).
[bookmark: _Toc503965064]9.1.5.1	Operating band unwanted emission (Category A)
For E-UTRA FDD repeater operating in Bands 5, 6, 8, 12, 13, 14, 17, 18, 19, 26, 27, 28, 29, 31 and 72 emissions shall not exceed the maximum levels specified in Tables 9.1.5.1-1 and 9.1.5.1-2. The measurements shall apply to both paths uplink and downlink of the Repeater.
Table 9.1.5.1-1: General operating band unwanted emission limits for repeater pass band bandwidth lower than 5 MHz (E‑UTRA bands <1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measure-ment bandwidth 

	0 MHz  f < BWPass band
	BWMeas/2  f_offset < BWPass band + BWMeas/2
	

 + 
 + 1,5 dB
	100 kHz 

	BWPass band f < 2*BWPass band
	BWPass band + BWMeas/2  f_offset < 
2* BWPass band + BWMeas/2
	
 + 1,5 dB
	100 kHz 

	2*BWPass band  f  fmax
	2* BWPass band + BWMeas/2  f_offset < f_offsetmax 
	-13 dBm
	100 kHz 

	Note: 	Frequencies and bandwidth are given in MHz



Table 9.1.5.1-2: General operating band unwanted emission limits for repeater pass band bandwidth 5 MHz and above (E-UTRA bands <1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth

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

	100 kHz 

	5 MHz  f < 10 MHz
	5.05 MHz  f_offset < 10.05 MHz
	-12.5 dBm
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax 
	-13 dBm
	100 kHz 

	Note: 	Frequencies and bandwidth are given in MHz



For E-UTRA FDD repeaters operating in Bands 1, 2, 3, 4, 7, 9, 10, 11, 21, 22, 23, 24, 25, 30, and 32, emissions shall not exceed the maximum levels specified in Tables 9.1.5.1-3 and 9.1.5.1-4: The measurements shall apply to both paths uplink and downlink of the repeater.
Table 9.1.5.1-3: General operating band unwanted emission limits for repeater pass band bandwidth lower than 5 MHz (E‑UTRA bands >1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
(Note 1)
	Measure-ment bandwidth 

	0 MHz  f < BWPass band
	BWMeas/2  f_offset < BWPass band + BWMeas/2
	


 + 1,5 dB + DP
	100 kHz 

	BWPass band f < 2*BWPass band
	BWPass band + BWMeas/2  f_offset < 
2* BWPass band + BWMeas/2
	
[ + 1,5 dB + DP
	100 kHz 

	2*BWPass band  f  fmax
	2* BWPass band + BWMeas/2  f_offset < f_offsetmax 
	-13 dBm
	1MHz

	Note1: 	Frequencies and bandwidth are given in MHz
Note2: 	- for carrier frequency 1.0 GHz < f ≤ 3.0GHz: DP = 0dB; 
	- for carrier frequency 3.0GHz < f ≤ 4.2GHz: DP = 0.3dB



Table 9.1.5.1-4: General operating band unwanted emission limits for repeater pass band bandwidth 5 MHz and above (E-UTRA bands >1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
(Note 1)
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	
+ DP
	100 kHz 

	5 MHz  f < 10 MHz
	5.05 MHz  f_offset < 10.05 MHz
	-12.5 dBm+ DP
	100 kHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-13 dBm
	1MHz 

	Note1: 	Frequencies and bandwidth are given in MHz
NOTE 1: 	- for carrier frequency 1.0 GHz < f ≤ 3.0GHz:DP = 0dB; 
	- for carrier frequency 3.0GHz < f ≤ 4.2GHz:DP = 0.3dB



[bookmark: _Toc503965065]9.1.5.2	Operating band unwanted emissions (Category B)
For Category B operating band unwanted emissions, there are two options for the limits that may be applied regionally. Either the limits in subclause 9.1.5.2.1 or subclause 9.1.5.2.2 shall be applied.
The measurements shall apply to both paths uplink and downlink of the Repeater. 
[bookmark: _Toc503965066]9.1.5.2.1	Category B test requirements (Option 1)
For E-UTRA FDD repeater operating in Bands 5, 6, 8, 12, 13, 14, 17, 20, 26, 27, 28, 29, 31 and 72 emissions shall not exceed the maximum levels specified in Tables 9.1.5.2.1-1 and 9.1.5.2.1-2: 
Table 9.1.5.2.1-1: General operating band unwanted emission limits for repeater pass band bandwidth lower than 5 MHz (E‑UTRA bands <1GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measure-ment bandwidth 

	0 MHz  f < BWPass band
	BWMeas/2  f_offset < BWPass band + BWMeas/2
	

[
 + 1,5 dB
	100 kHz 

	BWPass band f < 2*BWPass band
	BWPass band + BWMeas/2  f_offset < 
2* BWPass band + BWMeas/2
	
 + 1,5 dB
	100 kHz 

	2*BWPass band  f  fmax
	2* BWPass band + BWMeas/2  f_offset < f_offsetmax 
	-16 dBm
	100 kHz 

	NOTE 1: 	Frequencies and bandwidth are given in MHz.
NOTE 2: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 1.4 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-3 supersedes Table 9.1.5.2.1-1 and Table 9.1.5.2.1-2 for applicable frequency offsets.
NOTE 3: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 3 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-4 supersedes Table 9.1.5.2.1-1 and Table 9.1.5.2.1-2 for applicable frequency offsets.



Table 9.1.5.2.1-2: General operating band unwanted emission limits for repeater pass band bandwidth 5 MHz and above (E-UTRA bands <1GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth (Note 1)

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

	100 kHz 

	5 MHz  f < 10 MHz
	5.05 MHz  f_offset < 10.05 MHz
	-12.5 dBm
	100 kHz 

	10 MHz  f  fmax
	10.05 MHz  f_offset < f_offsetmax 
	-16 dBm
	100 kHz 

	NOTE 1: 	Frequencies and bandwidth are given in MHz.
NOTE 2: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 1.4 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-3 supersedes Table 9.1.5.2.1-1 and Table 9.1.5.2.1-2 for applicable frequency offsets.
NOTE 3: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 3 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-4 supersedes Table 9.1.5.2.1-1 and Table 9.1.5.2.1-2 for applicable frequency offsets.

	


Table 9.1.5.2.1-3: Conditional operating band unwanted emission limits 
for repeater input signal bandwidth of 1.4 MHz
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth

	0 MHz  f < 1.05 MHz
	0.05 MHz  f_offset < 1.1 MHz
	

	100 kHz 

	Note: 	Frequencies and bandwidth are given in MHz



Table 9.1.5.2.1-4: Conditional operating band unwanted emission limits 
for repeater input signal bandwidth of 3 MHz
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth

	0 MHz  f < 1.05 MHz
	0.05 MHz  f_offset < 1.1 MHz
	

	100 kHz 

	Note: 	Frequencies and bandwidth are given in MHz



For E-UTRA FDD repeater operating in Bands 1, 2, 3, 4, 7, 9, 10, 22, 25, and 30, emissions shall not exceed the maximum levels specified in Tables 9.1.5.2.1-5 and 9.1.5.2.1-6: The measurements shall apply to both paths uplink and downlink of the Repeater.
Table 9.1.5.2.1-5: General operating band unwanted emission limits for repeater pass band bandwidth lower than 5 MHz (E‑UTRA bands >1GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
(Note 4)
	Measure-ment bandwidth 

	0 MHz  f < BWPass band
	BWMeas/2  f_offset < BWPass band + BWMeas/2
	


 + 1,5 dB + DP
	100 kHz 

	BWPass band f < 2*BWPass band
	BWPass band + BWMeas/2  f_offset < 
2* BWPass band + BWMeas/2
	
 + 1,5 dB + DP
	100 kHz 

	2*BWPass band  f  fmax
	2* BWPass band + BWMeas/2  f_offset < f_offsetmax 
	-15 dBm
	1MHz

	NOTE 1: 	Frequencies and bandwidth are given in MHz.
NOTE 2: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 1.4 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-7 supersedes Table 9.1.5.2.1-5 and Table 9.1.5.2.1-6 for applicable frequency offsets.
NOTE 3: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 3 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-8 supersedes Table 9.1.5.2.1-5 and Table 9.1.5.2.1-6 for applicable frequency offsets.
NOTE 4: 		- for carrier frequency 1.0 GHz < f ≤ 3.0GHz:DP = 0dB;
	- for carrier frequency 3.0GHz < f ≤ 4.2GHz:DP = 0.3dB



Table 9.1.5.2.1-6: General operating band unwanted emission limits for repeater pass band bandwidth 5 MHz and above (E-UTRA bands >1GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
(Note 4)
	Measurement bandwidth

	0 MHz  f < 5 MHz
	0.05 MHz  f_offset < 5.05 MHz
	
 + DP
	100 kHz 

	5 MHz  f < 10 MHz
	5.05 MHz  f_offset < 10.05 MHz
	-12.5 dBm + DP
	100 kHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-15 dBm
	1MHz 

	NOTE 1: 	Frequencies and bandwidth are given in MHz.
NOTE 2: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 1.4 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-7 supersedes Table 9.1.5.2.1-5 and Table 9.1.5.2.1-6 for applicable frequency offsets.
NOTE 3: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 3 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.1-8 supersedes Table 9.1.5.2.1-5 and Table 9.1.5.2.1-6 for applicable frequency offsets.
NOTE 4: 		- for carrier frequency 1.0 GHz < f ≤ 3.0GHz:DP = 0dB;
	- for carrier frequency 3.0GHz < f ≤ 4.2GHz:DP = 0.3dB



Table 9.1.5.2.1-7: Conditional operating band unwanted emission limits 
for repeater input signal bandwidth of 1.4 MHz
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth

	0 MHz  f < 1.05 MHz
	0.05 MHz  f_offset < 1.1 MHz
	

	100 kHz 

	Note: 	Frequencies and bandwidth are given in MHz



Table 9.1.5.2.1-8: Conditional operating band unwanted emission limits 
for repeater input signal bandwidth of 3 MHz
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth

	0 MHz  f < 1.05 MHz
	0.05 MHz  f_offset < 1.1 MHz
	

	100 kHz 

	Note: 	Frequencies and bandwidth are given in MHz



[bookmark: _Toc503965067]9.1.5.2.2	Category B test requirements (Option 2)
The limits in this subclause may be applied regionally for E-UTRA FDD Repeater operating in band 1, 3, 8, and 32.
For E-UTRA FDD repeater operating in Bands 1, 3, 8, and 32, emissions shall not exceed the maximum levels specified in Tables 9.1.5.2.2-1 and 9.1.5.2.2-2: 
Table 9.1.5.2.2-1: General operating band unwanted emission limits for repeater pass band 
lower than 5 MHz
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measure-ment bandwidth 

	0 MHz  f < 0.2 MHz
	0.015 MHz   f_offset < 0.215 MHz
	-12.5 dBm
	30 kHz

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

	30 kHz 

	(Note 3)
	1.015 MHz  f_offset < 1.5 MHz
	-24.5 dBm
	30 kHz

	1 MHz  f < 2*BWPass band
	1.5 MHz  f_offset < 
2* BWPass band + 0.5 MHz
	-11.5 dBm
	1 MHz 

	2*BWPass band  f  fmax
	2* BWPass band + 0.5 MHz  f_offset < f_offsetmax 
	-15 dBm
	1 MHz

	NOTE 1: 	Frequencies and bandwidth are given in MHz.
NOTE 2: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 1.4 MHz or 3 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.2-3 supersedes Table 9.1.5.2.2-1 for applicable frequency offsets.
NOTE 3:	This frequency range ensures that the range of values of f_offset is continuous




Table 9.1.5.2.2-2: General operating band unwanted emission limits for repeater pass band 
5 MHz and above
	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measure-ment bandwidth 

	0 MHz  f < 0.2 MHz
	0.015 MHz   f_offset < 0.215 MHz
	-12.5 dBm
	30 kHz

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

	30 kHz 

	(Note 3)
	1.015 MHz  f_offset < 1.5 MHz
	-24.5 dBm
	30 kHz

	1 MHz  f < 10 MHz
	1.5 MHz  f_offset < 
10.5 MHz
	-11.5 dBm
	1 MHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-15 dBm
	1 MHz

	NOTE 1: 	Frequencies and bandwidth are given in MHz.
NOTE 2: 	If the repeater input signal consists of E-UTRA signals with a channel bandwidth of 1.4 MHz or 3 MHz placed so that the channel edge is less than 200 kHz from the pass band edge, the requirements in Table 9.1.5.2.2-3 supersedes Table 9.1.5.2.2-2 for applicable frequency offsets.
NOTE 3:	This frequency range ensures that the range of values of f_offset is continuous



Table 9.1.5.2.2-3: Conditional operating band unwanted emission limits
	Frequency offset of measurement filter ‑3 dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Test requirement
	Measurement bandwidth

	0 MHz  f < 0.05 MHz
	0.015 MHz  f_offset < 0.065 MHz 
	

	30 kHz 

	0.05 MHz  f < 0.15 MHz
	0.065 MHz  f_offset < 0.165 MHz 
	

	30 kHz 

	0.15 MHz  f < 0.2 MHz
	0.165 MHz   f_offset < 0.215 MHz
	-12.5 dBm
	30 kHz 

	NOTE: 	Frequencies and bandwidth are given in MHz.
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