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1 Introduction
In RAN4#83 meeting, the NR sub 6GHz BS boundary between out-of-band and spurious domain have been discussed in [1][2][3], and in [4], the unwanted emission mask requirements for NR BS below 6GHz were proposed.  At last, a WF[5] was agreed as following:
· ΔfUEM =40 MHz for NR bands wider than 100 MHz  as baseline for the boundary between UEM and spurious emission( for both Cat A and Cat B );  

· The same emission levels for LTE should be used with frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM) 
· Applicability of regional requirement for NR only bands could be considered further, however relaxed regional emission mask should be excluded for further discussion; 
Based on the above, the general conductive UEM requirements for sub 6GHz NR BS are proposed in this contribution.

2 Discussion
As discussed in the previous meetings, there are two types of boundary between out-of-band and spurious domain (ΔfUEM) based on the band frequency range, one is ΔfUEM = 10MHz and the other is ΔfUEM = 40MHz. The former is the definition in the current LTE specification and the letter is for NR bands wider than 100 MHz, where the NR bands includes LTE-refarming bands and NR new bands in the frequency range of sub-6GHz. It should be noted that frequency range for some existing LTE bands such as Band 42 are also wider than 100MHz, when these bands are used for LTE-refarming bands, the ΔfUEM should be chosen as 40MHz due to large antenna arrays should be considered for NR deployment, as stated in WF[5]. Whatever theΔfUEM is, the same emission levels for LTE should be used with frequency range (FDL_low– ΔfUEM) ~ (FDL_high+ΔfUEM).
Since the minimum channel bandwidth supported by NR is 5MHz, and the UEM requirements are the same for LTE >=5MHz channel bandwidth, which means the UEM requirements for LTE >=5MHz channel bandwidth can be applied to sub 6GHz NR BS. A mirror different is the Frequency offset of measurement filter ‑3dB point, (f / centre frequency, f_offset  in the UEM tables, we take table 6.6.3.1-6 in TS36.104 for example, shown as follow.
Table 6.6.3.1-6: Wide Area BS operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth (E-UTRA bands >1GHz) for Category A (cited from TS36.104)
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	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.

NOTE 2:
For BS supporting multi-band operation with Inter RF Bandwidth gap < 20MHz the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap, where the contribution from the far-end sub-block or RF Bandwidth shall be scaled according to the measurement bandwidth of the near-end sub-block or RF Bandwidth.


In the 2nd adjacent channel, the offset are 5 MHz ( (f < min(10 MHz, (fmax) and 5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax). The min(.) mainly depend on the frequency distance from carrier channel edge to the operating band edge. We take min(10 MHz, (fmax) for an example, the min(10.05 MHz, f_offsetmax) is similar. There are two possible values of the min(10 MHz, (fmax) for ΔfUEM =10 MHz, which are (fmax when the frequency distance is smaller than half of measurement bandwidth and 10MHz when the frequency distance is larger than half of measurement bandwidth, respectively. The note 10 in the above table means the requirement of -13dBm in the above table is not applicable when (fmax < 10 MHz. However, there is only one value of 10MHz for the min(10 MHz, (fmax) for ΔfUEM =40 MHz due to the  (fmax  will always larger than 10MHz wherever the carrier location in the operating band. Thus it is need to add a note to describe the different cases.
As discussed above, the general conductive UEM requirements for sub 6GHz NR BS are proposed in the following tables:
x.x  Operating band unwanted emissions
The Operating band unwanted emission limits are defined from ΔfUEM MHz below the lowest frequency of each supported downlink operating band up to ΔfUEM MHz above the highest frequency of each supported downlink operating band. 
For NR operating in the bands wider than 100MHz, ΔfUEM equals to 40MHz. For NR operating in the bands lower than 100MHz, ΔfUEM is FFS.
The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329. 

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 ΔfUEM MHz outside the downlink operating band.

-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.
x.x.1
Minimum requirements for Wide Area BS (Category A)

For NR BS operating in Bands [x,y,z, …], emissions shall not exceed the maximum levels specified in Tables x.x.1‑1.

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

	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) (Note 1)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
(Note 1)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 3)
	100 kHz 

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


For NR BS operating in Bands [x,y,z, …], emissions shall not exceed the maximum levels specified in Tables x.x.1-2:

Table x.x.1-2: Wide Area BS operating band unwanted emission limits (NR bands > 1GHz) for 
Category A

	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	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) (Note 1)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax) 

(Note 1)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-13 dBm (Note 3)
	1MHz 

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


x.x.2
Minimum requirements for Wide Area BS (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 x.x.2.1or subclause x.x.2.2 shall be applied.

x.x.2.1
Category B requirements (Option 1)

For NR BS operating in Bands [x,y,z, …] emissions shall not exceed the maximum levels specified in Tables x.x.2.1-1:
Table x.x.2.1-1: Wide Area BS operating band unwanted emission limits (NR bands <1GHz) for Category B

	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement 
	Measurement bandwidth (Note 2)

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
	[image: image4.wmf]dB

MHz

offset

f

dBm

÷

ø

ö

ç

è

æ

-

×

-

-

05

.

0

_

5

7

7


	100 kHz 

	5 MHz ( (f < 

min(10 MHz, (fmax) (Note 1)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
(Note 1)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax 
	-16 dBm (Note 3)
	100 kHz 

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


For NR BS operating in Bands [x,y,z, …], emissions shall not exceed the maximum levels specified in Tables x.x.2.1-2:

Table x.x.2.1-2: Wide Area BS operating band unwanted emission limits (NR bands > 1GHz) for Category B

	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement 
	Measurement bandwidth (Note 2)

	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)
(Note 1)
	5.05 MHz ( f_offset < 

min(10.05 MHz, f_offsetmax)
(Note 1)
	-14 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	-15 dBm (Note 3)
	1MHz 

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


x.x.2.2 Category B requirements (Option 2)

[Applicability of regional requirement for NR only bands could be considered further, however relaxed regional emission mask should be excluded for further discussion] 
x.x.3
Minimum requirements for Medium Range BS (Category A and Category B)
For Medium Range BS, emissions shall not exceed the maximum levels specified in Tables x.x.3-1 to x.x.3-2.

Table x.x.3-1 :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
	Measurement bandwidth (Note 2)

	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)
(Note 1)
	5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax)
(Note 1)
	Pmax,c-60dB
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	Min(Pmax,c-60dB, -25dBm) (Note 4)
	100 kHz

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


Table x.x.3-2: 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 
	Measurement bandwidth (Note 2)

	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)
(Note 1)
	5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax)
(Note 1)
	-29 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax
	-29 dBm (Note 4)
	100 kHz

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


x.x.4
Minimum requirements for Local Area BS (Category A and Category B)
For Local Area BS, emissions shall not exceed the maximum levels specified in Tables x.x.4-1.

Table x.x.4-1: 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
	Measurement bandwidth 
(Note 2)

	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)
(Note 1)
	5.05 MHz ( f_offset < min(10.05 MHz, f_offsetmax)
(Note 1)
	-37 dBm
	100 kHz 

	10 MHz ( (f ( (fmax
	10.05 MHz ( f_offset < f_offsetmax 
	-37 dBm (Note 3)
	100 kHz 

	Note 1: For NR operating in the bands wider than 100MHz, min(10 MHz, (fmax)  is equal to 10MHz and min(10.05 MHz, f_offsetmax) is equal to 10.5MHz


Note 2:
As a general rule for the requirements in subclause x.x, 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 3: The requirement is not applicable when (fmax < 10 MHz.
Note 4: This frequency range ensures that the range of values of f_offset is continuous.
3 Conclusion
In this paper, the general conductive UEM requirements for sub 6GHz NR BS are discussed. The NR BS UEM requirements in sub 6GHz should applied for the NR BS deployed in LTE-refarming bands and NR new bands in the frequency range of sub-6GHz. The proposal was obtained:
Proposal: General conductive UEM limits for NR BS below 6GHz should be defined as shown in the tables in the contribution. 
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