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Introduction
In the RAN4#97 e-meeting a way forward [1] agreed as to which A-MPR evaluation assumptions should be used for PA calibration, transceiver impairments and filter rejections. This way forward covered assumptions for LTE band 24, NR FDD band n24 and corresponding NR SUL band n99. These assumptions have a slightly different assumption for the filter performance, so this contribution reuses the measurements already presented in [2] and re-assesses the corresponding A-MPR values.
Discussion
Band 24 A-MPR Evaluation assumptions
From [1], the following assumptions are used.

Transmitter assumptions:
· 0 dBi UE antenna gain, 4 dB post-PA losses
· PA calibrated at 1 dB MPR for -30 dBc EUTRA/NR ACLR with 20 MHz DFT-s-OFDM 100 RB0 waveform
· Image/carrier leakage = -25 dBc for LTE and-28 dBc for NR, -60 dBc CIM3 and -70 dBc CIM5

Filter assumptions:
· Tx attenuation in 1541 – 1612 MHz = 41.0 dB
· Tx attenuation in 1612 – 1617 MHz = dB linear interpolation from 41.0 dB at 1612 MHz to 12.5 dB at 1617 MHz
· Tx attenuation in 1617 – 1622 MHz = dB linear interpolation from 12.5 dB at 1617 MHz to 0 dB at 1622 MHz
· Tx attenuation in 1622 – 1627.5 MHz = 0 dB

Emission Requirements per frequency range:
· 1541 ≤ f ≤ 1559: -102 dBm/2kHz
· 1559≤ f ≤ 1608	: -85 dBm/700Hz
· 1608≤ f ≤ 1610: -85 +5/2 (f-1608) dBm/700Hz
· 1610≤ f ≤ 1625: -80+ 66/15 (f-1610)	 dBm/700Hz
· 1541 ≤ f ≤ 1608: -75 dBm/MHz
· 1608≤ f ≤ 1610	: -75 + 5/2 (f-1608)	dBm/MHz
· 1610≤ f ≤ 1627.5: -70+ 57/17.5 (f-1610)	 dBm/MHz
· 1627.5: -37 dBm/4kHz
· 1638.5 ≤f ≤ 1645.5	: -28 dBm/4kHz
· 1657.5 ≤f ≤ 1660.5: -28 dBm/4kHz
· Based on the requirement analysis, only the 1MHz and 4kHz measurement bandwidth cases have been measured (bold).

From the filter specification and the emission requirement equations, we can derive an emission specification versus frequency directly at the PA output. This is shown in Table 1 which also shows which IMD/ACLR regions fall in the frequency domain for 1RB and full allocation respectively where:
· 4th column provides the emission level limit at PA output with a -34.7dBm/MHz worst case (highlighted in red) at 1617MHz (10.5MHz from band edge)
· 5th and 4th column shows the SEM requirement for 5 MHZ and 10 MHz channels respectively, the green zone is where the NR SEM specification is more stringent than the n24 AMPR requirement (it accounts for the 4dB post PA losses)
· 6th and 7th columns show for 5MHz and 10MHz channels respectively:
· Which IMD of the 1RB allocation with the LO falls in a given frequency range
· Which ACLR region of the full allocation falls in a given frequency range
· What is the worst case emission to be met in that region
Given that the requirements in 4kHz measurement BW, experience no attenuation from the filter, it can also be compared directly at the PA output by accounting for the 4dB post PA losses. This allows providing the measurement results in the next chapters directly as a margin in dB.

Table 1: Emission requirements at PA output and related SEM/ACLR and IMD regions
	Meas
Freq
[MHz]
	Ant PSD
spec
[dBm
/MHz]
	filter
Rej.
[dB]
	PA PSD
spec
[dBm
/MHz]
	5MHz
SEM
[dBm
/MHz]
	10MHz
SEM
[dBm
/MHz]
	1RB+LO IMD
Full ACLR
WC emission
[dBm/MHz]

	1606
	-75.0
	41
	-34.0
	-30
	-30
	5MHz
	10MHz

	1607
	-75.0
	41
	-34.0
	-30
	-30
	>IMD13/ACLR3
-34
	>IMD9/ACLR2
-34

	1608
	-75.0
	41
	-34.0
	-30
	-30
	
	

	1609
	-72.5
	41
	-31.5
	-30
	-30
	
	

	1610
	-70.0
	41
	-29.0
	-30
	-30
	
	IMD9/ACLR2
-31.5

	1611
	-66.7
	41
	-25.7
	-30
	-30
	
	

	1612
	-63.5
	41
	-22.5
	-30
	-30
	
	

	1613
	-60.2
	35.3
	-24.9
	-30
	-25
	
	

	1614
	-57.0
	29.6
	-27.4
	-30
	-25
	IMD13/ACLR3
-29.8
	IMD7/ACLR2
-34.7

	1615
	-53.7
	23.9
	-29.8
	-30
	-25
	
	

	1616
	-50.5
	18.2
	-32.3
	-30
	-25
	IMD11/ACLR3
-34.7
	

	1617
	-47.2
	12.5
	-34.7
	-25
	-25
	
	

	1618
	-43.9
	10
	-33.9
	-25
	-13
	
	

	1619
	-40.7
	7.5
	-33.2
	-25
	-13
	IMD9/ACLR2
-33.2
	IMD5/ACLR1
-33.9

	1620
	-37.4
	5
	-32.4
	-25
	-13
	
	

	1621
	-34.2
	2.5
	-31.7
	-13
	-13
	IMD7/ACLR2
-31.7
	

	1622
	-30.9
	0
	-30.9
	-13
	-13
	
	

	1623
	-27.7
	0
	-27.7
	-13
	-13
	
	IMD3/ACLR1
-27.7

	1624
	-24.4
	0
	-24.4
	-13
	-13
	IMD5/ACLR1
-24.4
	

	1625
	-21.1
	0
	-21.1
	-13
	-13
	
	

	1626
	-17.9
	0
	-17.9
	-13
	-13
	IMD3/ACLR1
-17.9
	

	1627
	-14.6
	0
	-14.6
	-13
	-13
	
	



Evaluation scenarios are:
1. 5 MHz carrier from 1627.5 – 1632.5 MHz => full and 1RB measured to calibrate simulations
2. 5 MHz carrier from 1632.5 – 1637.5 MHz => full and 1RB measured to calibrate simulations
3. 5 MHz carrier from 1646.5 – 1651.5 MHz 
4. 5 MHz carrier from 1651.5 – 1656.5 MHz
5. 10 MHz carrier from 1627.5 – 1637.5 MHz => full and 1RB measured to calibrate simulations
6. 10 MHz carrier from 1646.5 – 1656.5 MHz
· Based on measurement for scenario 1, 2, 5 and relaxed requirements for the upper 10MHz UL , only the -28dBm/4kHz can justify a moderate A-MPR for scenario 3, 4, 6, and simulations can be trusted or derived from scenario 1,2, 5, measurements.
Measured waveform: 
· Given the measurement time limitations, only the corner waveforms have been measured:
· NR QPSK CP-OFDM and DFT-s-OFDM waveforms with NR impairments
· Full and edge 1RB allocations, for the 1MHz MBW measurements since the requirement is always below the UL frequency the 1RB0 case is the worst case, for the 4kHz MBW cases both 1RB at lowest and highest positions are measured
Observation on LTE evaluation: Results for LTE can be derived from NR DFT-s-OFDM but shall account for:
· Wider spectrum outskirts (no windowing/filtering) which is worse for the -37dBm/4kHz band edge specification
· For 10MHz channel the allocation LTE benefits of 0.5MHz guard band instead of 0.3125MHz (about 1RB shift) which is better for the -37dBm/4kHz band edge specification
· For the case where AMPR is driven by IMDs of the 1RB allocation with the LO and/or image leakage, the dBc level being 3dB higher a 3dB margin is needed
Measured Results
PA Emissions in 1 MHz Measurement Bandwidth
Table 2 and Table 3 presents the margins for PA emissions in 1 MHz measurement BW versus Pout/AMPR in the 1541-1627 MHz frequency range for the 5 MHz and 10 MHz lowest channels respectively. CP-OFDM and DFT-s-OFDM waveforms for 1RB0 and full allocations results are provided.
Table 2: 5 MHz channel emission margin at PA output versus Pout/AMPR
[image: ]
Observations for the lowest 5MHz channel 1MHz MBW cases: 
· For the CP-OFDM waveforms:
· 1RB0 case shows that the IMD3 of the 1RB0 and its image requires the highest back-off for -27.7dBm/MHz at 1623MHz of at least 3dB
· 1RB0 case shows that the IMD3 of the 1RB0 and LO also requires a small back-off
· Full allocation requires at least 4dB back-off with around the lower edge of ACLR1 for -30.9dBm/MHz at 1622 MHz
· For the DFT-s-OFDM waveforms:
· 1RB0 case shows that the IMD3 of the 1RB0 and its image requires the highest back-off for -27.7dBm/MHz at 1623MHz of at least 2dB
· Full allocation requires at least 3dB back-off with around the lower edge of ACLR1 for -27.7dBm/MHz at 1623MHz
Table 3: 10 MHz channel emission margin at PA output versus Pout/AMPR
[image: ]
Observations for the lowest 10MHz channel 1MHz MBW cases: 
· For the CP-OFDM waveforms:
· 1RB0 case shows that the IMD3 of the 1RB0 and its image requires the highest back-off for -33.2dBm/MHz at 1619MHz of at least 6dB
· 1RB0 case show that the IMD3 of the 1RB0 and LO also requires a small back-off
· Full allocation requires at least 8dB back-off with around the lower edge of ACLR1 for -30.9dBm/MHz at 1622 MHz
· For the DFT-s-OFDM waveforms:
· 1RB0 case shows that the IMD3 of the 1RB0 and its image requires the highest back-off for -33.2dBm/MHz at 1619MHz of at least 4dB
· 1RB0 case shows that the IMD3 of the 1RB0 and LO also requires a small back-off
· Full allocation requires at least 8dB back-off with around the lower edge of ACLR1 for -30.9dBm/MHz at 1622MHz

Since we can see that the 1RB cases are dominated by the IMD3 of the 1RB allocation with its image, this particular IMD was also measured to find its peak. The resulting margin versus Pout/AMPR is shown in Table 4 where:
· CIM3 is the IMD3 of the 1RB allocation with the LO signal
· CIM5 is the IMD5 of the 1RB with the image signal
Table 4: IMD3 products from LO and image signals
[image: ]
Observations for 1RB 1MHz MBW cases: 
· For the CP-OFDM waveforms:
· The 5MHz 1RB case confirms that the IMD3 of the 1RB and its image requires the highest back-off with at least 4dB
· The 10MHz 1RB case confirms that the IMD3 of the 1RB and its image requires the highest back-off for with least 7dB
· For the DFT-s-OFDM waveforms:
· The 5MHz 1RB case confirms that the IMD3 of the 1RB and its image requires the highest back-off for with least 3dB
· The 10MHz 1RB case confirms that the IMD3 of the 1RB and its image requires the highest back-off for with least 5dB
· Looking for the peak of the IMD shows that 1dB more back-off is needed compared to the edge allocation case
· Narrow allocations behavior can be derived from 1RB measurements:
· Reduced back-off with RBstart as allocation + Image IM3 has lower requirement until it falls inside the band and MPR applies
· Reduced back-off with higher LCRB as PSD goes down after IMD spectrum gets wider than 1MHz
· For LTE since the the Image is 25dBc instead of 28dBc an additional 3dB IMD may be anticipated. To recover, 1dB additional back-off will be needed
· Large allocations behavior:
· With RBstart increase or smaller LCRB, the ACLR1 region OOB overlap reduces and has lower requirement until ACLR1 no longer falls OOB
PA Emissions in 4 kHz Measurement Bandwidth
For the -37dBm/4kHz requirement at the band lower edge (1627.5MHz), Table 5 shows the 1RB0 margin at the PA output and since the back-off required is high the PA was also measured at low voltage to assess ET and APT performance that are representative to real UE implementations. Table 6 covers the same case for full allocation and the inner 1RB allocation for which the IMD3 with the LO falls at the band edge. 
Finally Table 7 provides measurements for the -28dBm/4kHz cases at 1MHz from band edges.
Table 5: -37dBm/MHz at band edge emission margin for 1RB0 case
[image: ]

Table 6: -37dBm/MHz at band edge emission margin for full allocation and inner 1RB cases
[image: ]

Observations for the -37dBm/4kHz at band edge case: 
· For the 1RB0 cases in Table 5:
· The 5MHz cases have higher back-off requirements because they have the lowest guard band to the band edge. Given the high back-off value, the low voltage values should be used and 12dB back-off for CP-OFDM and 10dB for DFT-s-OFDM are needed
· The 10MHz cases have about 3dB back-off in the measurements but it may be optimistic because of aggressive windowing/filtering used and other implementations may have different filtering/EVM trade-off. A higher back-off may be needed although the higher guard band helps
· The back-off required for the 4kHz MBW is higher than for 1MHz MBW cases for narrow allocations but this should be restricted to the edge allocations
· For the full allocation cases in Table 6:
· MPR seems sufficient for this and the 1MHz MBW related back-off is limiting
· For the inner 1RB cases in Table 6:
· The IMD3 of the allocation and the LO fall at cell edge
· For the 5MHz case it happens for 1RB8 and 1RB17 for the 10MHz case
· For NR at least 1dB back-off is needed for CP-OFDM and for DFT-s-OFDM margin is good thus for LTE with 3dB higher LO level requiring 1dB additional back-off to compensate, additional back-off may not be needed or should be small

Table 7: -28dBm/MHz at 1MHz of band edge emission margin for full allocation and 1RB0 cases
[image: ]

Observations for the -28dBm/4kHz at 1 MHz case: At full power there is margin to this OOB requirement
A-MPR proposals
Based on the above measurements the corner cases for QPSK A-MPR, the worst case A-MPR and regions can be derived:
· Narrow lower edge allocation with the highest AMPR related to -37dBm/4kHz at 1727.5MHz
· For LTE 10MHz with higher guard band, A-MPR should reduce significantly
· For LTE 5MHz guard band is 7.5KHz higher but given the spectrum steepness and 4kHz MBW the difference may still be significant
· For NR higher SCS, with higher guard band and lower PSD, significantly lower A-MPR is expected
· 1RB inner at 1/4th RBstart IMD3 related to -37dBm/4KHz at 1727.5MHz with 1dB
· LTE requires ~1dB higher back-off but given DFT-s-OFDM margins A-MPR may be small
· NR Higher SCS should be OK with lower PSD
· Narrow allocation IMD3 with image falling OOB in 1MHz MBW cases will require moderate MPR
· LTE requires ~1dB higher back-off
· NR higher SCS with IMD width >1MHz should benefit from lower PSD
· Full and large allocations with ACLR1 falling OOB in 1MHz MBW cases will require significant MPR
· LTE should be similar
· NR higher SCS should be similar
· RBstart >2/5th NRB should have low A-MPR since largest part of ACLR1 is in band
· Only lowest 5MHz and 10MHz channels have AMPR
Proposal: 
· The following table can be used as worst case A-MPR for corner cases that can be used for A-MPR of FDD band n24, SUL band n99 and LTE band 24.
· For NR: back-off = max(MPR,A-MPR) and the table can be used as is
· For LTE: back off = MPR + AMPR thus the number in the table with additional corrections proposed need to account for MPR
	Corner cases
	Lowest 5MHz channel
	Lowest 10MHz channel
	LTE adjustment
	Higher SCS adjustment

	
	CP
	DFT
	CP
	DFT
	
	

	1R0 -37dBm/4kHz limit
	11dB
	10dB
	9dB
	4dB
	Significantly lower for 10MHz due to higher guard band, 5MHz depends on spectrum shape and 7.5kHz higher guard band
	lower/2xSCS due to lower PSD and larger guard band

	1RB + LO IMD3 -37dBm/4kHz limit
	1dB
	0dB
	1dB
	0dB
	~+1dB
	similar

	1RB + LO IMD3  /MHz ramp limit
	4dB
	3dB
	7dB
	5dB
	~+1dB
	similar

	Full allocation
	4dB
	3dB
	8dB
	9dB
	=
	Similar as larger guard band effect is small


Conclusions
In this contribution, we provide measured results at PA output that are used to derive required back-off for the 1 MHz and 4 kHz measurement bandwidth FCC requirements for LTE band 24, NR bands n24 and n99. The following proposal is given for allocation corner cases.  

Proposal: 
· The following table can be used as worst case A-MPR for corner cases that can be used for A-MPR of FDD band n24, SUL band n99 and LTE band 24.
· For NR: back-off = max(MPR,A-MPR) and the table can be used as is
· For LTE: back off = MPR + AMPR thus the number in the table with additional corrections proposed need to account for MPR
	Corner cases
	Lowest 5MHz channel
	Lowest 10MHz channel
	LTE adjustment
	Higher SCS adjustment

	
	CP
	DFT
	CP
	DFT
	
	

	1R0 -37dBm/4kHz limit
	11dB
	10dB
	9dB
	4dB
	Significantly lower for 10MHz due to higher guard band, 5MHz depends on spectrum shape and 7.5kHz higher guard band
	lower/2xSCS due to lower PSD and larger guard band

	1RB + LO IMD3 -37dBm/4kHz limit
	1dB
	0dB
	1dB
	0dB
	~+1dB
	similar

	1RB + LO IMD3  /MHz ramp limit
	4dB
	3dB
	7dB
	5dB
	~+1dB
	similar

	Full allocation
	4dB
	3dB
	8dB
	9dB
	=
	Similar as larger guard band effect is small
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16 7 -15.1-17.6-18.8-20.2-21.8-18.5-16.0-12.6-10.3 -6.8 -6.9 -2.9 -1.8 -0.6 -0.1 -2.8 -5.3 -7.9 -10.0-12.6

15 8 -16.6-19.0-20.1-21.5-23.1-19.8-17.2-14.0-11.5 -8.0 -8.2 -4.1 -2.9 -1.3 -0.6 -3.3 -5.7 -8.2 -10.4-12.9

14 9 -18.0-20.2-21.7-23.0-24.6-21.2-18.5-15.3-12.8 -9.3 -9.5 -5.4 -3.9 -2.2 -1.5 -4.0 -6.4 -8.9 -11.0-13.5

13 10 -19.4-21.4-23.1-24.6-26.0-22.7-19.9-16.7-14.2-10.7-10.8 -6.6 -5.1 -3.2 -2.4 -4.9 -7.2 -9.7 -11.8-14.3

1RB0

50RB0

DFT-s--OFDM

CP-OFDM

measurement Frequency [MHz] / Emission level [dBm/MHz] lowest 10MHz 

channel

1RB0

52RB0


image3.emf
PoutAMPR

dBm dB CIM3 CIM5 CIM3 CIM5 CIM3 CIM5 CIM3 CIM5

23 0 1.4 12.7 -1.6 8.3 7.8 18.6 4.9 14.2

22 1 -2.6 9.1 -5.7 4.3 4.0 14.9 0.6 10.1

21 2 -6.1 5.4 -9.5 0.2 0.4 11.3 -3.4 6.0

20 3 -9.3 1.8 -12.3 -3.6 -3.0 7.6 -6.1 2.2

19 4 -11.7 -1.7 -13.6 -6.1 -5.6 4.2 -7.3 -0.6

18 5 -13.4 -4.7 -14.3 -7.6 -7.0 1.2 -7.6 -1.8

17 6 -14.6 -6.9 -14.6 -7.9 -7.9 -0.9 -8.2 -2.0

16 7 -15.4 -8.3 -15.0 -7.9 -8.8 -2.2 -8.7 -1.8

15 8 -16.3 -9.0 -15.7 -8.2 -9.9 -3.0 -9.1 -2.2

14 9 -17.2 -9.5 -16.4 -8.6 -10.4 -3.5 -10.0 -2.7

13 10 -18.1 -10.0 -17.3 -9.3 -11.6 -3.9 -10.9 -3.4

12 11 -19.1 -10.7 -18.4 -10.2 -12.3 -4.6 -11.9 -4.2

11 12 -20.3 -11.6 -19.5 -11.2 -13.6 -5.5 -13.0 -5.0

5MHz 1RB0

CP-OFDM DFT-s-OFDM

10MHz 1RB0

CP-OFDM DFT-s-OFDM
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VCCPoutAMPR CP DFT CP DFT

HV 23 0 11.6 9.1 3.6 1.0

HV 22 1 9.8 7.7 1.1 -1.1

HV 21 2 8.3 6.3 -1.1 -2.9

HV 20 3 6.9 5.1 -3.2 -4.1

HV 19 4 5.5 3.8 -5.1 -5.5

HV 18 5 4.1 2.6 -6.5 -6.6

HV 17 6 2.8 1.5 -7.8 -7.7

HV 16 7 1.6 0.4 -9.0 -8.9

HV 15 8 0.4 -0.7 -10.2 -10.1

LV 14 9 2.5 -0.1 -3.8 -7.6

LV 13 10 0.5 -1.6 -6.4 -9.5

LV 12 11 -1.2 -2.9 -8.9 -10.9

LV 11 12 -2.7 -4.2 -11.0 -12.3

LV 10 13 -4.0 -5.3 -12.7 -13.7

LV 9 14 -5.2 -6.5 -14.3 -15.0

LV 8 15 -6.3 -7.6 -15.7 -16.4

LV 7 16 -7.4 -8.7 -16.9 -17.6

-37dBm/4kHz 

margin 0MHz off

1RB at edge

5MHz 1RB0 10MHz 1RB0
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VCC PoutAMPR CP DFT CP DFT VCCPoutAMPR CP DFT CP DFT

HV 23 0 10.5 2.3 6.6 -1.1 HV 23 0 0.1 -4.1 0.3 -4.4

HV 22 1 6.5 -2.4 2.5 -6.3 HV 22 1 -4.3 -8.5 -4.3 -8.7

HV 21 2 2.2 -6.5 -1.8 -12.1 HV 21 2 -8.5 -12.9 -8.5 -12.8

HV 20 3 -2.0-8.5 -6.1 -15.6 HV 20 3 -12.2 -16.1 -12.1 -16.2

HV 19 4 -5.7-8.7 -9.7 -14.9 HV 19 4 -15.1 -16.7 -14.8 -16.4

HV 18 5 -7.6-8.7-11.7-13.8 HV 18 5 -16.7 -17.0 -16.6 -17.1

5MHz 1RB8 10MHz 1RB17

1RB at mid of egde-carrier -37dBm/4kHz 

margin 0MHz off

Full -37dBm/4kHz 

margin 0MHz off 5MHz full10MHz full
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VCC Pout AMPR CP DFT CP DFT CP DFT CP DFT

HV 23 0 -34.8 -35.8 -37.1 -38.0 -0.8 -9.7 -2.5 -11.0

HV 22 1 -36.7 -37.7 -38.4 -39.5 -5.1 -14.5 -6.8 -16.4

HV 21 2 -37.9 -38.8 -39.4 -39.7 -9.4 -19.1 -11.3 -22.0

HV 20 3 -39.9 -40.3 -41.2 -42.0 -13.7 -21.6 -16.3 -24.8

HV 19 4 -40.7 -41.8 -42.4 -42.9 -17.2 -21.9 -20.6 -24.1

HV 18 5 -42.0 -43.2 -43.3 -43.9 -19.0 -22.0 -22.2 -23.3

5MHz 1RB0 10MHz 1RB0 5MHz full 10MHz full

-28dBm/4kHz margin 

1MHz off

allocation at band edge


image1.emf
1541-16081609161016111612161316141615161616171618161916201621162216231624162516261627

WFAllocPoutAMPR -34.0-31.5-29.0-25.7-22.5-24.9-27.4-29.8-32.3-34.7-33.9-33.2-32.4-31.7-30.9-27.7-24.4-21.1-17.9-14.6

23 0 -11.8-13.2-15.7-19.1-22.3-19.9-17.5-15.0-12.5-10.0-10.9 -7.0 -11.8-11.4-13.010.0 6.0 -12.3 -1.9 -1.4

22 1 -11.7-14.2-16.8-20.1-23.3-20.9-18.4-15.9-13.5-11.1-11.9 -9.1 -12.7-12.8-14.2 6.4 2.4 -14.7 -6.0 -3.6

21 2 -11.8-14.2-16.7-20.0-23.2-20.8-18.4-15.9-13.3-11.0-11.9 -9.5 -13.0-13.3-14.5 2.7 -1.2 -16.5 -9.6 -5.5

20 3 -13.8-16.3-19.0-22.1-25.5-23.0-20.6-18.1-15.6-13.1-14.0 -9.4 -15.5-15.4-16.8 -1.0 -4.8 -18.2-12.9 -7.2

19 4 -14.8-17.2-19.7-23.1-26.3-23.9-21.5-19.1-16.5-14.2-14.9 -9.1 -16.2-16.2-17.7 -4.5 -8.2 -19.9-15.4 -8.7

18 5 -15.9-18.2-20.8-24.0-27.1-24.8-22.3-19.8-17.5-14.8-15.8 -9.2 -17.1-17.3-18.6 -7.5 -11.1-21.5-17.1-10.1

23 0 -12.4-12.6-14.4-17.0-19.3-16.1-12.3 -8.7 -4.9 -1.0 -0.1 1.1 2.0 3.4 4.8 3.5 7.7 11.0 11.4 11.0

22 1 -13.2-14.2-16.3-19.1-21.6-18.6-14.8-11.3 -7.4 -3.4 -2.4 -1.3 0.0 1.6 2.9 1.6 4.2 7.0 7.3 6.8

21 2 -13.2-14.9-17.0-20.1-22.8-19.9-16.4-13.1 -9.3 -5.4 -4.6 -3.4 -1.9 -0.3 1.4 0.6 1.5 3.1 3.1 2.4

20 3 -14.8-17.0-19.1-22.0-24.7-21.7-18.5-15.1-11.4 -7.6 -6.7 -5.3 -3.9 -2.1 -0.1 -0.5 -0.7 -0.3 -0.9 -2.0

19 4 -15.7-18.0-20.2-23.2-26.0-23.1-19.8-16.5-12.9 -9.3 -8.5 -7.3 -5.9 -4.0 -1.8 -2.0 -2.6 -3.1 -4.3 -5.9

18 5 -17.0-19.1-21.5-24.3-27.2-24.3-21.1-18.0-14.3-10.7-10.0 -9.0 -7.6 -5.7 -3.5 -3.6 -4.2 -4.8 -6.1 -7.9

23 0 -12.2-13.3-15.9-19.2-22.5-20.1-17.5-15.0-12.7-10.3-11.0-10.3-12.0-12.1-13.5 5.3 2.1 -14.1 -5.0 -4.1

22 1 -12.2-14.4-16.9-20.3-23.5-21.0-18.5-16.2-13.6-11.2-12.2-11.0-13.1-13.2-14.5 1.3 -2.0 -16.2 -9.2 -5.9

21 2 -12.0-14.2-16.9-20.0-23.4-21.0-18.4-16.0-13.6-11.0-12.0-10.7-13.0-13.2-14.7 -2.8 -6.0 -17.7-13.1 -7.4

20 3 -14.2-16.6-18.9-22.3-25.5-23.2-20.8-18.3-15.8-13.4-14.2-12.0-15.4-15.4-16.8 -6.5 -9.8 -19.5-16.1 -8.6

19 4 -15.4-17.6-20.1-23.4-26.6-24.3-21.8-19.4-16.9-14.4-15.1-12.9-16.5-16.6-17.9 -9.0 -12.3-21.1-17.3 -9.9

18 5 -16.2-18.6-21.2-24.3-27.7-25.1-22.8-20.2-17.7-15.3-16.1-13.4-17.5-17.7-18.8-10.4-13.7-22.4-17.9-11.0

23 0 -13.9-13.7-16.3-19.2-21.4-18.5-15.8-12.7 -7.8 -3.9 -3.6 -2.7 1.4 2.1 1.7 0.9 3.3 3.8 3.4 2.3

22 1 -14.0-14.9-17.5-20.3-22.5-19.8-17.3-14.0 -9.1 -5.7 -6.4 -4.9 -0.8 0.1 -0.1 0.2 0.9 -1.1 -1.6 -2.9

21 2 -13.8-15.4-17.9-20.7-23.0-20.5-17.9-14.6-10.1 -7.1 -7.9 -6.2 -2.7 -2.0 -1.6 -0.8 -0.9 -4.8 -6.6 -8.4

20 3 -16.0-17.5-20.0-22.8-24.9-22.3-19.6-16.0-11.6 -8.6 -9.3 -7.6 -4.4 -3.6 -2.9 -2.1 -2.4 -6.2 -9.2 -11.4

19 4 -16.9-18.6-21.1-24.0-26.3-23.6-20.8-17.2-12.8 -9.7 -10.2 -9.0 -5.9 -5.0 -4.3 -3.8 -3.4 -6.1 -9.1 -10.9

18 5 -18.1-20.0-22.5-25.4-27.7-25.1-22.2-18.7-14.0-10.8-11.4-10.3 -7.1 -6.2 -5.8 -5.5 -4.4 -6.1 -8.7 -10.4

lowest 5MHz 

channel

1RB0

25RB0

1RB0

25RB0

CP-OFDM

DFT-s--OFDM

measurement Frequency [MHz] / Emission level [dBm/MHz]


