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1. Introduction

There are special spectrum emission mask requirements that apply to Band 41 when operating in the USA. NS_04 indicates that the special requirements must be met. This contribution proposes text to reflect those requirements to the TR [1]. 
2. Discussion
In previous RAN4 meeting Nokia proposed an NS_04 n41 SEM in R4-1802539 [2]. This document uses R4-1802539 as a starting point, and proposes an SEM to be used for n41. 

In addition to general spurious emission requirements following requirement apply.
2.1
Spectrum emission mask

Band 41 has special emission mask for LTE due to FCC requirements, see below Table 1.

Table 1: Band 41 LTE SEM
	
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-15 
	-18
	-20
	-21
	30 kHz 

	( 1-2.5
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.5-2.8
	-10
	-10
	-10
	-10 
	1 MHz

	( 2.8-5
	-10
	-10
	-10
	-10
	1 MHz

	( 5-6
	-13
	-13
	-13
	-13
	1 MHz

	( 6-9
	-25
	-13
	-13 
	-13 
	1 MHz

	( 9-10
	-25
	-25
	-13
	-13
	1 MHz

	( 10-13.5
	
	-25
	-13 
	-13 
	1 MHz

	( 13.5-15
	
	-25
	-25
	-13
	1 MHz

	( 15-18
	
	
	-25 
	-13 
	1 MHz

	( 18-20
	
	
	-25
	-25
	1 MHz

	( 20-25
	
	
	
	-25 
	1 MHz


What is noticeable in band 41 SEM is that the breakpoint from -13 dBm/1 MHz to -25 dBm / 1 MHz is 

· 6 MHz for 5 MHz Channel

· 9 MHz for 10 MHz Channel

· 13.5 MHz for 15 MHz Channel
· 18 MHz for 20 MHz Channel
This is because the requirement is for -10 dBm/MHz from 1 MHz from the edge of the channel to the greater of 6 MHz or the emission bandwidth from the edge of the channel. The “emission bandwidth” is defined as follows: “The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.”

Because the actual emission bandwidth can vary from implementation to implementation, RAN4 chose a conservative value of the emission bandwidth as the bandwidth occupied by RBs. 

The Band n41 emission mask for NR needs to be defined in similar manner by taking into account the actual transmission bandwidths of the signals when setting the breakpoint form -13 dBm/1 MHz to -25 dBm / 1 MHz. Actual NR transmission bandwidths are presented in Table 2. And the proposed n41 SEM is presented in Table 3.

Table 2: NR transmission bandwidths for CP-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	10
	15
	20
	40
	50
	60
	80
	100

	15
	9.36
	14.22
	19.08
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	8.64
	13.68
	18.36
	38.16
	47.88
	58.32
	78.12
	98.28

	60
	7.92
	12.96
	17.28
	36.72
	46.8
	56.88
	77.04
	97.20


Since the number of RBs for DFT-S-OFDM is restricted to being a function of 2x * 3y * 5z, not all of the channel bandwidths can use the maximum number of RBs. Because of this, a separate table is needed for DFT-S-OFDM channel bandwidths. 
Table 3: NR transmission bandwidths for DFT-S-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	10
	15
	20
	40
	50
	60
	80
	100

	15
	9.00
	13.50
	18.00
	38.88
	48.60
	N/A
	N/A
	N/A

	30
	8.64
	12.96
	18.00
	36.00
	45.00
	58.32
	77.76
	97.20

	60
	7.20
	12.96
	17.28
	36.00
	46.08
	54.00
	72.00
	97.20


Table 4: n41 SEM with NS_04
	
	Spectrum emission limit (dBm)/ measurement bandwidth 

for each channel bandwidth

	ΔfOOB
MHz
	10 
MHz
	15 
MHz
	20 
MHz
	40 
MHz
	50 
MHz
	60 
MHz
	80 
MHz
	100 
MHz
	Measurement
bandwidth

	± 0 - 1
	-18
	-20
	-21
	-24
	-25
	30 kHz

	± 1 - 5
	-10
	1 MHz

	± 5 - X
	-13
	

	± X - (BWChannel + 5 MHz)
	-25
	

	Note 1: X is defined in Table 2 for CP-OFDM or Table 3 for DFT-S-OFDM


2.2
Additional spurious emissions

In addition to band 41 specific emission mask UE needs to full fill additional spurious emission requirement as presented in Table 4.

Table 4: Additional spurious emission requirement
	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	All channel bandwidths
	

	2595-2496
	-13
	1% of emission BW

	2490.5 ≤ f < 2495
	-13
	1 MHz

	0 < f < 2490.5
	-25
	1 MHz
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[1]
RP-180332, “TR 38.817-01 (V1.0.0) General aspects for UE RF for NR”, NTT DOCOMO, INC.
[2] R4-1802539, “n41 A-MPR simulations results,” Nokia, RAN4#86 

4. Text Proposal

<Start of changes>
5.5.1

Occupied bandwidth

Detailed structure of the subclause is TBD.
5.5.2

Spectrum emission mask

5.5.2.1
General Spectrum emission mask

LTE general SEM and LTE CA general SEM the emission requirement for the first MHz outside the channel edge is scaled proportionately to the channel bandwidth. Logic behind this is that as transmission bandwidth gets larger the PSD of fully populated channel gets lower and UE can meet the tighter requirement. It is noted than from co-existence perspective this is not needed as smaller channel bandwidths are anyways allowed to emit more and system must work also with those channels.
However scaling cannot continue forever due to the fact that some small allocations (1RB) inside the channel are mixing with LO and image and create IMD3 that lands on the first MHz outside the channel. It can be seen from simulations that with 25 dBc IQ-Image performance IMD3 created by 1 RB transmission is in the order of -22 dBm/30 kHz. This would violate then SEM for larger channel bandwidth if scaling is continued to all channel bandwidths.
Thus it is safest that scaling is not used for channel bandwidths > 40 MHz for NR general SEM for sub-6 GHz bands. For those regions that have regulatory requirements for emissions to first MHz outside the channel region specific SEMs can be defined similarly as for LTE.
NR Sub-6 GHz general emission mask is presented in Table 5.5.2.1-1.
	Table 5.5.2.1-1: NR spectrum target emission mask

ΔfOOB

(MHz)
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	25

MHz
	40

MHz
	50

MHz
	60

MHz
	80

MHz
	100

MHz
	Measurement bandwidth

	± 0-1
	-15
	-18
	-20
	-21
	-22
	-24
	-24
	-24
	-24
	-24
	30 kHz

	± 1-5
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	-10
	1 MHz

	± 5-6
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	-13
	

	± 6-10
	-25
	
	
	
	
	
	
	
	
	
	

	± 10-15
	
	-25
	
	
	
	
	
	
	
	
	

	± 15-20
	
	
	-25
	
	
	
	
	
	
	
	

	± 20-25
	
	
	
	-25
	
	
	
	
	
	
	

	± 25-30
	
	
	
	
	-25
	
	
	
	
	
	

	± 30-40
	
	
	
	
	
	
	
	
	
	
	

	± 40-45
	
	
	
	
	
	-25
	
	
	
	
	

	± 45-50
	
	
	
	
	
	
	
	
	
	
	

	± 55-60
	
	
	
	
	
	
	-25
	
	
	
	

	± 60-65
	
	
	
	
	
	
	
	-25
	
	
	

	± 65-80
	
	
	
	
	
	
	
	
	
	
	

	± 80-85
	
	
	
	
	
	
	
	
	-25
	
	

	± 85-100
	
	
	
	
	
	
	
	
	
	
	

	± 100-105
	
	
	
	
	
	
	
	
	
	-25
	


5.5.2.2
Additional Spectrum emission requirements
Additional spectrum emission requirements are signalled by the network with network signalling value indicated by the field additionalSpectrumEmission.
5.5.2.5.1
Requirements for network signalled value "NS_04"

Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

The n41 SEM transition point from -13 dBm/MHz to -25 dBm/MHz is based on the emission bandwidth. The emission bandwidth is defined as the width of the signal between two points, one below the carrier center frequency and one above the carrier center frequency, outside of which all emissions are attenuated at least 26 dB below the transmitter power.  Since the 26 dB emission bandwidth is implementation dependent, the transmission bandwidths occupied by RBs is used for the SEM.

Table 6.5.2.3.2-1: n41 transmission bandwidths for CP-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	10
	15
	20
	40
	50
	60
	80
	100

	15
	9.36
	14.22
	19.08
	38.88
	48.6
	N.A
	N.A
	N.A

	30
	8.64
	13.68
	18.36
	38.16
	47.88
	58.32
	78.12
	98.28

	60
	7.92
	12.96
	17.28
	36.72
	46.8
	56.88
	77.04
	97.20


Table 6.5.2.3.2-2: n41 transmission bandwidths for DFT-S-OFDM
	SCS [kHz]
	Channel bandwidths [MHz]

	
	10
	15
	20
	40
	50
	60
	80
	100

	15
	9.00
	13.50
	18.00
	38.88
	48.60
	N/A
	N/A
	N/A

	30
	8.64
	12.96
	18.00
	36.00
	45.00
	58.32
	77.76
	97.20

	60
	7.20
	12.96
	17.28
	36.00
	46.08
	54.00
	72.00
	97.20


When "NS_04" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2.2-1.

Table 6.5.2.3.2-3: n41 SEM with NS_04
	
	Spectrum emission limit (dBm)/ measurement bandwidth 

for each channel bandwidth

	ΔfOOB
MHz
	10 
MHz
	15 
MHz
	20 
MHz
	40 
MHz
	50 
MHz
	60 
MHz
	80 
MHz
	100 
MHz
	Measurement
bandwidth

	± 0 - 1
	-18
	-20
	-21
	-24
	-25
	30 kHz

	± 1 - 5
	-10
	1 MHz

	± 5 - X
	-13
	

	± X - (BWChannel + 5 MHz)
	-25
	

	Note 1: X is defined in Table 6.5.2.3.2-1 for CP-OFDM or 6.5.2.3.2-2 for DFT-S-OFDM


<Unchanged sections omitted>
5.5.4

Spurious emission
5.5.4.1
General requirements
Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated.
In the same way as was described for UTRA and E-UTRA, the spurious emission limits shall be specified in terms of general requirements in line with SM.329.And the stricter Category B limits defined in SM.329 shall be applied for UE considering that UEs are intended for global circulation, there cannot be any regional requirements. Thus, the following spurious emission limits for E-TRUA would be reused in NR.

Table 5.5.4-1: Spurious emissions limits 
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	9 kHz ( f < 150 kHz
	-36 dBm
	1 kHz 
	

	150 kHz ( f < 30 MHz
	-36 dBm
	10 kHz 
	

	30 MHz ( f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz ( f < 12.75 GHz
	-30 dBm
	1 MHz
	

	12.75 GHz ≤ f < 5th harmonic of the upper frequency edge of the UL operating band in GHz
	-30 dBm
	1 MHz
	1

	12.75 GHz < f < 26GHz
	-30dBm
	1MHz
	2

	NOTE 1:
Applies for Band that the upper frequency edge of the UL Band more than [2.69] GHz

NOTE 2:
Applies for Band that the upper frequency edge of the UL Band more than [5.2] GHz


In LTE, the boundary between out of band and Spurious emission is BWChannel + 5MHz for all bandwidth (channel bandwidth and CA bandwidth) more than 5 MHz, which is derived from the table 5.5.4-2 cited from ITU-R SM.1541 by assigning BU to be 5 MHz and changing the starting position of the offset from the centre of channel bandwidth to the edge of channel bandwidth.
Table 5.5.4-2: Start and end of OOB domain
	Type of emission
	If necessary bandwidth BN is:
	Offset (() from the centre of the necessary bandwidth for the start of the OoB domain
	Frequency separation between the centre frequency and the spurious boundary

	Narrow-band
	<BL (see Note1)
	0.5 BN
	2.5 BL

	Normal
	BL to BU
	0.5 BN
	2.5 BN

	Wideband
	>BU
	0.5 BN
	BU + (1.5 BN)

	NOTE 1: When BN < BL, no attenuation of unwanted emissions is recommended at frequency separations between 0.5 BN to 0.5 BL.

NOTE 2: BL and BU are given in Recommendation ITU-R SM.1539 and SM.329


The above guideline in SM.1541 and SM.329 should be also followed to define spurious domain for NR range 1. In NR, the minimum channel bandwidth is 5 MHz, thus similar to E-UTRA, the boundary (FOOB) between OOB and spurious for NR Range 1 shall be also BWChannel + 5 MHz for all possible channel bandwidth for NR range 1.
5.5.4.2
Spurious emission band UE co-existence
<to be added later>

5.5.4.X
Additional spurious emissions

These requirements are specified in terms of an additional spectrum emission requirement. Additional spurious emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message. 

NOTE:
For measurement conditions at the edge of each frequency range, the lowest frequency of the measurement position in each frequency range should be set at the lowest boundary of the frequency range plus MBW/2. The highest frequency of the measurement position in each frequency range should be set at the highest boundary of the frequency range minus MBW/2. MBW denotes the measurement bandwidth defined for the protected band.

6.5.3.X.1
Minimum requirement (network signalled value "NS_04")

When "NS 04" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.3.X.1-1. This requirement also applies for the frequency ranges that are less than FOOB (MHz) in Table 6.5.3.1-1 from the edge of the channel bandwidth.

Table 6.5.3.X.1-1: Additional requirements 

	Frequency band

(MHz)
	Channel bandwidth / Spectrum emission limit (dBm)
	Measurement bandwidth 

	
	10, 15, 20, 40, 50, 60, 80, 100 MHz
	

	2495 ≤ f < 2496
	-13
	1% of Channel BW

	2490.5 ≤ f < 2495
	-13
	1 MHz

	0 < f < 2490.5
	-25
	1 MHz


<End of changes>
