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1. Introduction
NR BS transmitter mask issue has been discussed last few RAN4 meetings. During last RAN4 NR#2 ad-hoc meeting held in Qingdao, RAN4 had ad-hoc session where BS transmitter mask for mmWave was further discussed [1, 2, 3, 4] . Outcome of the discussions was agreed by RAN4 in Way forward on Unwanted Emission masks for sub-6 GHz [5].

Following agreements were covered by way forward:

The following variations for the Unwanted Emissions Mask (UEM) tables should be used for sub-6 GHz:

· BS classes
· Category of emission (A/B)
· Frequency range (above/below 1 GHz)
· Power levels (for some BS classes)
The following applies in addition:

· The same tables, but with different Δfmax, will be used for 
different ΔfUEM
· There will be no Options for Category B limits (only LTE Option 1)
Additionally, the following proposal was agreed [6]:


Proposal: ΔfUEM = 40 MHz for NR bands with bandwidth equal to or wider than 100 MHz as a baseline for the boundary between UEM and spurious (for both Cat A and Cat B)

Some other agreements on BS transmitter mask and unwanted emissions are covered in previous way forward in [7].
In this contribution, we are proposing unwanted emission mask requirements for NR base station for sub 6 GHz bands taking into account RAN4 agreements.
2. Discussion
Below in table 1 to table 7 we propose NR BS operating band unwanted emissions for NR bands below 6 GHz.

NR BS Operating band unwanted emission
Unless otherwise stated, for operating frequency band width below 100 MHz, the Operating band unwanted emission limits are defined from 10 MHz below the lowest frequency of each supported downlink operating band up to 10 MHz above the highest frequency of each supported downlink operating band. For bandwidth equal to or wider than 100 MHz, the Operating band unwanted emission limits are defined from 40 MHz below the lowest frequency of each supported downlink operating band up to 40 MHz above the highest frequency of each supported downlink operating band.
Emissions shall not exceed the maximum levels specified in the tables below, where:

-
(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 frequency band for band width less than 100 MHz,

40 MHz outside the downlink operating frequency band for band width equal to or wider than 100 MHz. 
-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Table 1: Wide Area BS operating band unwanted emission limits (bands <1GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

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

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is f ≥ 10MHz from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -13dBm/100kHz.


Table 2: Wide Area BS operating band unwanted emission limits (1 GHz < bands < 6GHz) for Category A
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

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

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. Exception is f ≥ 10MHz from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -13dBm/1MHz.


Table 3: Wide Area BS operating band unwanted emission (bands <1GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

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

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is f ≥ 10MHz from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -16dBm/100kHz.


Table 4: Wide Area BS operating band unwanted emission limits (1 GHz < bands < 6GHz) for Category B
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
	-14 dBm
	100 kHz 

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

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band, the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. Exception is f ≥ 10MHz from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -15dBm/1MHz.


Table 5: Local Area BS operating band unwanted emission limits
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < min(10 MHz, Δfmax)
	5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax)
	-37 dBm
	100 kHz 

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

	NOTE 1:   For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is f ≥ 10MHz from adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -37dBm/100kHz.


Pmax,c is maximum output power of the base station is the mean power level per carrier measured at the antenna connector during the transmitter ON period in a specified reference condition.
Table 6: Medium Range BS operating band unwanted emission limits, 31< Pmax,c ( 38 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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Pmax,


	100 kHz 

	5 MHz ( (f < min(10 MHz, Δfmax)
	5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax)
	Pmax,c-60dB
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	Min(Pmax,c-60dB, -25dBm) (Note 9)
	100 kHz

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is f ≥ 10MHz from adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be Min(Pmax,c-60dB, -25dBm)/100kHz.


Table 7: Medium Range BS operating band unwanted emission limits, Pmax,c ( 31 dBm
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement  (Note 1)
	Measurement bandwidth (Note 8)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
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	100 kHz 

	5 MHz ( (f < min(10 MHz, Δfmax)
	5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax)
	-29 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	-29 dBm (Note 9)
	100 kHz

	NOTE 1:
For a BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub blocks on each side of the sub block gap. Exception is f ≥ 10MHz from from both adjacent sub blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -29dBm/100kHz.


The following notes are common for all tables above:

NOTE 6: 
Local or regional regulations may specify another excluded frequency range, which may include frequencies where synchronised NR TDD systems operate.

NOTE 7:
NR TDD base stations that are synchronized can transmit without these additional co-existence requirements.
NOTE 8:
As a general rule for the requirements in subclause “Operating band unwanted emission”, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

NOTE 9:
This frequency range ensures that the range of values of f_offset is continuous.
NOTE 10:
The requirement is not applicable when:

(fmax < 10 MHz for operating frequency band width less than 100 MHz,
(fmax < 40 MHz for operating frequency band width equal to or wider than 100 MHz.
3. Conclusion

In this contribution, we discuss and propose NR BS unwanted emission mask below 6 GHz.

Proposal: To adopt unwanted emission mask for NR BS below 6 GHz as presented in Table 1 to Table 7.
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