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1. Introduction
In previous meetings spectral utilization has been discussed and several contributions were made. A WF was agreed [6] but values were left open.  
2. Discussion

NR work extends over many channel BWs and two frequency domains that have different emission requirements. WF [1] agreed the channel BWs and subcarrier spacing’s as following:

· For below 6GHz, channel BW (5, 10, 15, 20, 25, 40, 50, 60, 80, 100MHz) and SCS (15, 30, 60kHz)
· For above 6GHz, channel BW (50, 100, 150, 200, 400MHz) and SCS (60, 120kHz)

For mmW, ACLR and SEM has been agreed and for sub-6 ACLR has been agreed but SEM was left open since the issue with FCC rule for the close in requirement. In this study, we use the SEMs shown in the following sub-sections.
2.1. Emission requirements

Spectral utilization is gated by close in emission requirements which here means Spectral Emission Mask (SEM). For sub-6 we can assume that for channel BW up to 60 MHz we can follow LTE agreements. We have drafted possible SEMs for channel BWs 5, 10, 15, 20, 25, 30, 40, 50, 60 80 and 100 MHz channel BW in Tables 1 and 2.

Table 1: General Sub-6 NR spectrum emission mask ≤ 20 MHz
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	Measurement bandwidth

	( 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

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

	( 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

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

	( 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	( 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	( 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	( 20-25
	
	
	
	
	
	-25 
	1 MHz


Table 2: General Sub-6 NR spectrum emission mask > 30 MHz
	ΔfOOB
(MHz)
	 30 MHz
	 40 MHz
	60 MHz
	80 MHz
	100 MHz
	Measurement bandwidth

	( 0-1
	-22.5
	-24
	-24
	-24
	-24
	30 kHz

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

	( 5-30
	-13
	-13
	-13
	-13
	-13
	1 MHz

	( 30-35
	-25
	-13
	-13
	-13
	-13
	1 MHz

	( 35-40
	
	-13
	-13
	-13
	-13
	1 MHz

	( 40-45
	
	-25
	-13
	-13
	-13
	1 MHz

	( 45-60
	
	
	-13
	-13
	-13
	1 MHz

	( 60-65
	
	
	-25
	-13
	-13
	1 MHz

	( 65-80
	
	
	
	-13
	-13
	1 MHz

	( 80-85
	
	
	
	-25
	-13
	1 MHz

	( 85-100
	
	
	
	
	-13
	1 MHz

	( 100-105
	
	
	
	
	-25
	1 MHz


For mmWaves the SEM follows ITU LS reply agreement [8] and we write SEM for applicable channel BWs for mmWaves in Table 3. 
Table 3: General mmWave NR spectrum emission mask 
	ΔfOOB
(MHz)
	 100 MHz
	 200 MHz
	400 MHz
	Measurement bandwidth

	( 0-5
	-5
	-5
	-5
	1 MHz

	( 5-10
	-13
	-5
	-5
	1 MHz

	( 10-20
	-13
	-13
	-5
	1 MHz

	( 20-100
	-13
	-13
	-13
	1 MHz

	( 100-200
	-13
	-13
	-13
	1 MHz

	( 200-400
	
	-13
	-13
	1 MHz

	( 400-800
	
	
	-13
	1 MHz


2.2. Spectral utilization Y
In previous meeting, we have made a proposal on feasible numbers for the utilization [7]. For this meeting, we took some measurement data and found some discrepancies with the simulation. We also tried higher and values for spectral utilization and see what it would mean to support higher utilization with real transmitter 
2.2.1. Relation to MPR table structure

The bandwidth of the signal defines the reach of IMD3 pedestal. This level of this pedestal is defined by the target linearity of the device, in LTE typically it was set by the ACLR requirement. Same assumption should be carried to NR since the challenge is to keep memory effects small with new very large bandwidths. If Y is increased, it means that the IMD3 pedestal of narrow signal violates close in SEM. In LTE 20 MHz BW, 18 RB is the widest zero MPR waveform. Once Y is increased, the zero MPR waveform gets narrower. This is shown in Figure 1, for 15 kHz SCS in 20 MHz channel, 106 RB Y will mean 3 RB sets the zero MPR waveform. For reference, the 18 RB with 100 RB Y would be ACLR limited and the part in this case has some margin since the part is designed for NR with slightly higher linearity requirements. 
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Figure 1 Maximum available power with varying Spectral Utilization for 20 MH channel BW and 15 kHz SCS
Similar behavior can be seen also with other channel BW and SCS cases. In Figure 2 we show 60 MHz with 60 kHz SCS where we noticed before mentioned discrepancy. The proposed value of 80 RBs would mean reverse order on MPR table so that larger allocations would yield more power, or in this case, there would not be MPR zero condition at all with this combination. Feasible Y in this case is 79 RBs when two RBs could be defined as zero MPR waveform. 

[image: image2.emf]# of Contiguous RBs Stacked at Band Edge

10

0

10

1

M

a

x

.

 

O

u

t

p

u

t

 

@

 

A

n

t

e

n

n

a

 

P

o

r

t

 

(

d

B

m

)

21

22

23

24

25

26

27

60M/60k SC 3GPP SEM GB Study

RB78

RB79

RB80

RB81

RB82

# of Contiguous RBs Stacked at Band Edge

10

0

10

1

M

a

x

.

 

O

u

t

p

u

t

 

@

 

A

n

t

e

n

n

a

 

P

o

r

t

 

(

d

B

m

)

21

22

23

24

25

26

27

60M/60k SC 3GPP ACLR GB Study

RB78

RB79

RB80

RB81

RB82

(a) (b)


Figure 2 Maximum available power with varying Spectral Utilization for 60 MHz channel BW and 60 kHz SCS

We went through most of the channel BW and SCS and foud out that for some cases which we proposed earlier based on BB analysis, were not feasible when RF impairments were introduced. The new values are shown in table 4.
Table 4 Feasible Spectral Utilization with TX RF impairments

	 
	CH BW [MHz]

	SCS [kHz]
	5
	10
	15
	20
	25
	30
	40
	50
	60
	80
	100

	
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]

	15
	25
	90
	51
	92
	79
	95
	106
	95
	133
	96
	161
	97
	216
	97
	271
	98
	N.A.
	N.A
	N.A
	N.A
	N.A
	N.A

	30
	11
	79
	24
	86
	38
	91
	52
	94
	65
	94
	79
	95
	106
	95
	133
	96
	161
	97
	217
	98
	273
	98

	60
	N.A
	N.A
	N.A
	N.A
	N.A
	N.A
	24
	86
	31
	89
	38
	91
	51
	92
	65
	94
	79
	95
	106
	95
	134
	96


In some cases, Y is reduced by one RB. 

2.2.2. mmW ACLR and SEM relation

In the table for mmW, we had used wrong assumptions for ACLR and SEM relation and PA performance. We created a mmW PA model according to new test data and found our that the values for most part indeed were feasible for TX. The values for mmW TX utilization are in Table 
Table 5 Feasible Utilization values from TX analysis

	 
	50 MHz
	100 MHz
	200 MHz 
	400 MHz

	 
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]
	NRB
	Y [%]

	60 KHz
	67.0
	96.5
	136.0
	97.2
	275.0
	99.0
	NA
	NA

	120 KHz
	33.0
	95.0
	67.0
	96.5
	137.0
	98.6
	275.0
	99.0

	240 KHz
	16.0
	92.2
	33.0
	95.0
	68.0
	97.9
	137.0
	98.6


No analysis was performed for RX.
3. Conclusion
We provided new data for sub-6 spectral utilization analysis and found out that utilization has an impact on MPR table structure. We provided feasible spectral utilization values based on TX analysis for discussion. 
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