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1	Introduction
During RAN4#104-e, a remaining open issue was to decide on the TE spectrum purity requirements for FR2. This document presents some considerations and proposals on spectrum purity.
[bookmark: _Ref178064866]2	Discussion
For E-UTRA repeaters, the requirement on spectral purity from the TE is as follows:
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



It is not entirely clear how the spectrum purity requirement has been derived, although it bears some resemblance to the structure of the E-UTRA OBUE requirements.

The spectrum purity of the TE signal is of interest when measuring ACLR and OBUE. It is important that, during the test, the measured output signal from the repeater consists mainly of IM products from the repeater and not re-amplified unwanted emissions from the test equipment.
To decide the spectrum purity requirement, it is of interest to consider the requirements on out of band gain, ACRR, OBUE and ACLR.
The out of band gain requirement is as follows:
	Frequency offset, f_offset_CW
	Maximum gain

	0.1*Minimum {400MHz, passband BW}  f_offset_CW < 150 MHz 
	68 dB

	150 MHz  f_offset_CW < 400 MHz
	55 dB

	400 MHz  f_offset_CW < f_offset_max
	35 dB



The most stringent ACRR requirement is for DL and is as follows:
	Co-existence with other systems
	Repeater Class
	Channel offset from frequency edge of passband (MHz)
	ACRR limit

	NR
	Wide Area repeater
	minimum {400MHz, passband BW}/2
	28 (Note 2)
26 (Note 3)

	
	Medium Range repeater
	minimum {400MHz, passband BW}/2
	28 (Note 2)
26 (Note 3)

	
	Local Area repeater
	minimum {400MHz, passband BW}/2
	28 (Note 1, 2)
26 (Note 1, 3)

	NOTE 1:	This requirement does not applicable if the passband occupies the entire operating band.
NOTE 2:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz.
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz



The most stringent OBUE requirement is Category B and is as follows:
	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(-5 dBm, Max(Prated,t,TRP – 35 dB, -12 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.



The most stringent ACLR requirement is as follows:
	Repeater nominal channel bandwidth of lowest/highest carrier transmitted
BWChannel (MHz)
	Repeater adjacent channel centre frequency offset below the lowest or above the highest carrier centre frequency transmitted
	Assumed adjacent channel carrier
	Filter on the adjacent channel frequency and corresponding filter bandwidth
	ACLR limit
(dB)

	 min(400MHz, BWpassband)
	BWChannel
	NR of same BW (Note 2)
	Square (BWConfig)
	28 (Note 3)
26 (Note 4)

	NOTE 1:	BWChannel and BWConfig are the nominal repeater bandwidth configuration of the lowest/highest carrier transmitted on the assigned channel frequency.
NOTE 2:	With SCS that provides nominal bandwidth configuration (BWConfig).
NOTE 3:	Applicable to bands defined within the frequency spectrum range of 24.25 – 33.4 GHz
NOTE 4:	Applicable to bands defined within the frequency spectrum range of 37 – 52.6 GHz



When measuring OBUE, it is of importance that the emissions from the TE, amplified according to the OOB gain are significantly less than the OBUE limits. We assume that 20dB lower than the OBUE limits is sufficient. A spectrum purity requirement can then be obtained by taking the most stringent OBUE requirement, subtracting the OOB gain and subtracting 20dB.
The OOB gain is not specified for the range 0-0.1 MHz from the carrier, so we assume that the OOB gain in this range could be as high as a typical repeater gain, which we assume to be 90dB. For the range 0.1MHz-150MHz the gain limit is 68dB. For convenience, we assume that the OOB gain is 68dB from 0.1MHz until fB. This is rather pessimistic for carrier bandwidths above 100MHz (2*carrier bandwidth will be more than 150MHz) and optimistic for the 50MHz carrier bandwidth with a single carrier. RAN4 may need to further discuss whether this convenience leads to reasonable requirements.
For >fB, we assume 55dB gain. Again, this may be rather pessimistic, but is convenient.
Using this approach, the spectrum purity limit becomes as follows:
	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
	-122 dBm
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	-108 dBm
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	-85 dBm
	10 MHz



The most difficult limit to meet for the TE may be the first one with -122 dBm. It should be noted that the level is the EIS level at the input to the repeater, thus the emissions from the TE will be attenuated by the pathloss in the test chamber. Nonetheless, if e.g. a repeater would have an output power of 30dBm and a 90dB gain then the input level would be -60dBm, and so around 40dB of suppression would be required in this range for a 100MHz carrier (lower suppression for -60dBm spread over a wider bandwidth).
If the limit it too challenging for TE, it could be relaxed somewhat, to e.g. -112dBm. However, if the TE spectral purity is relaxed too far then it would become increasingly likely that a repeater would fail the OBUE test due to re-amplified emissions from the TE (depending on the real repeater OOB gain in the range).
Since OOB gain is not defined in the range, an alternative approach could be to decide the OBUE requirement in the range of 0-0.1MHz to be untestable if the TE could not achieve the required spectral purity.
Page 4
Draft prETS 300 ???: Month YYYY
For the ACLR measurement, if the TE spectrum purity would be the same as indicated in the table then, due to reduced repeater gain over the adjacent channel compared to the wanted channel, the re-amplified unwanted emissions from the repeater would not significantly impact ACLR measurement from the repeater PA.
	4/4	
Conclusion
Based on the discussion in the previous section, the following is put forward for a spectrum purity mask for the TE (defined as EIS at the repeater RIB):

	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
	-122 dBm
	1 MHz

	0.1*BWcontiguous  f < fB
	0.1* BWcontiguous +0.5 MHz  f_offset < fB +0.5 MHz
	-108 dBm
	1 MHz

	fB  f < fmax
	fB +5 MHz  f_offset < f_ offsetmax
	-85 dBm
	10 MHz



Feedback is requested regarding the feasibility of this mask. In particular the mask in the range 0-0.1MHz may be challenging, but on the other hand if it is not achieved then measurement of OBUE may be infeasible for certain types of repeater.
For the value from 0.1MHz to fB, the solution is straightforward but pessimistic regarding the repeater gain and could be further examined if needed.
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