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7.6.5 MIMO Radiated Band Edge Measurements (160MHz BW)

Worst Case Mode: 802.11ac
Worst Case Transfer Rate: MCSO0
Distance of Measurements: 3 Meters
Operating Frequency: 5250MHz
Channel: 50
Trace: Average RBW: 1 MHz 5140.54 MH Trace: MaxHold RBW: 1 MHz 5136.9 MH.
PASS  ggeconwly  yewsmn 48.96 dByV/m PASS  ggecorresk  yewsmnz 39.64 dBuV/m
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Frequency (MHz)

Plot 7-208. Radiated Lower Band Edge Plot MIMO
(Average — UNIl Band 1)

Frequency (MHz)

Plot 7-209. Radiated Lower Band Edge Plot MIMO
(Peak — UNII Band 1)

Worst Case Mode: 802.11ac
Worst Case Transfer Rate: MCSO
Distance of Measurements: 3 Meters
Operating Frequency: 5250MHz
Channel: 50
Trace: Average RBW: 1 MHz 5376.6 MH Trace: MaxHold RBW: 1 MHz 5365.58 MH
PASS  geleconmic  yewame: 28,7 dBuvim PASS  geleconbeak  yewame: 81.05 dByV/m
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Frequency (MHz)

Plot 7-210. Radiated Upper Band Edge Plot MIMO
(Average — UNIl Band 2A)

Frequency (MHz)

Plot 7-211. Radiated Upper Band Edge Plot MIMO
(Peak — UNII Band 2A)
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Worst Case Mode: 802.11ac
Worst Case Transfer Rate: MCSO0
Distance of Measurements: 3 Meters
Operating Frequency: 5570MHz
Channel: 114

PASS  ffeearwll Wik 48.55 dBuVim

Trace: MaxHald R 1 MHz
Detector: Peak VBW: 3 MHz
Offset: 17.4 dB 5! 1.

5447.08 MHz
60.13 dBuV/m

PASS

Field Strength (dBuv/m)
g

40

140
120

100

L

Field Strength (dBuv/m)

5438.9 5481.1 5565.6

Frequency (MHz)

Plot 7-212. Radiated Lower Band Edge Plot MIMO
(Average — UNIl Band 2C)

5270.0 5312.2 5354.4 5396.7 5523.3 5607.8 5650.1

Worst Case Mode: 802.11ac
Worst Case Transfer Rate: MCSO0
Distance of Measurements: 3 Meters
Operating Frequency: 5815MHz
Channel: 163

Trace: MaxHold RBW: 1 MHz
Detector: Peak VBW: 3 MHz
Offset: 20.9dB SWT: 1.01 ms

5631.48 MHz
60.02 dBuV/m

PAS

140 4

120~

100 ~

80 1

Field Strength (dBuV/m)

60 1

5625 5655 5685 5715 5745 5775 5805 5835 5865 5895
Frequency (MHz)

Plot 7-214. Radiated Lower Band Edge Plot MIMO
(Peak — UNII Band 4)

5438.9 5481.1 5565.6

Frequency (MHz)

Plot 7-213. Radiated Lower Band Edge Plot MIMO
(Peak — UNII Band 2C)

5270.0 5312.2 5354.4 5396.7 5523.3 5607.8 5650.1
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Worst Case Mode: 802.11ac
Worst Case Transfer Rate: MCSO0
Distance of Measurements: 3 Meters

Operating Frequency: 5815MHz
Channel: 163
Trace: Average RBW: 1 MHz 5934.56 MHz Trace: MaxHold RBW: 1 MHz 5935.68 MHz
Detector;: RMS  VBW: 3 MH ] Detector: Peak WBW: 3 MH :
PASS Offsar: 2.4 dB_SWT-i01ms __ 52.08 dBuV/m PASS Offst: 211 d8_SWT- .01 ms __ 61.85 dBuV/m
120 140
E E
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40 A
5570.0 5632.2 5694.4 5756.7 5818.9 5881.1 5943.3 6005.6 6067.8 6130.0 5570.0 5632.2 5694.4 5756.7 5818.9 5881.1 5943.3 6005.6 6067.8 6130.0
Frequency (MHz) Frequency (MHz)
Plot 7-215. Radiated Upper Band Edge Plot MIMO Plot 7-216. Radiated Upper Band Edge Plot MIMO
(Average — UNII Band 4) (Peak — UNII Band 4)
Worst Case Mode: 802.11ac
Worst Case Transfer Rate: MCSO0
Distance of Measurements: 3 Meters
Operating Frequency: 5250MHz
Channel: 50
Trace: Average RBW: 1 MHz 5148.83 MHz Trace: MaxHold RBW: 1 MHz 5112.67 MHz
Detector: RMS  VBW: 3 MH . Detector; Peak VBW: 3 MH :
PASS Offset: 18.9 B _SWT: 30 me 49.28 dBpV/m PASS Offset: 18.5 dB_SWT: 20 me. 61.61 dBuV/m
120 - 140 - S (S SN m——
E E
:—;- 100 1 :—;- L]
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= =
= S, 100
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¥ 60
40 L T T T T T T T T T T T T T T T T
4968.0 5008.4 5048.9 5089.3 5129.8 5170.2 5210.7 5251.1 5291.6 5332.0 4968.0 5008.4 5048.9 5089.3 5129.8 5170.2 5210.7 5251.1 5291.6 5332.0
Frequency (MHz) Frequency (MHz)
Plot 7-217. Radiated Lower Band Edge Plot MIMO Plot 7-218. Radiated Lower Band Edge Plot MIMO
(Average — UNIl Band 1) with WCP (Peak — UNII Band 1) with WCP
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7.7 Line-Conducted Test Data

Test Overview and Limit

All AC line conducted spurious emissions are measured with a receiver connected to a grounded LISN while the
EUT is operating at its maximum duty cycle, at maximum power, and at the appropriate frequencies. All data rates
and modes were investigated for conducted spurious emissions. Only the conducted emissions of the configuration
that produced the worst-case emissions are reported in this section.

All conducted emissions must not exceed the limits shown in the table below per FCC §15.207.

Frequency of emission Conducted Limit (dBuV)
{2 Quasi-peak Average
0.15-0.5 66 to 56* 56 to 46*
0.5-5 56 46
5-30 60 50

Table 7-39. Conducted Limits
*Decreases with the logarithm of the frequency.

Test Procedures Used

ANSI C63.10-2013, Section 6.2

Test Settings

Quasi-Peak Field Strength Measurements

Analyzer center frequency was set to the frequency of the spurious emission of interest
RBW = 9kHz (for emissions from 150kHz — 30MHz)

Detector = quasi-peak

Sweep time = auto couple

Trace mode = max hold

S T o

Trace was allowed to stabilize

Average Field Strength Measurements

1. Analyzer center frequency was set to the frequency of the spurious emission of interest
2. RBW = 9kHz (for emissions from 150kHz — 30MHz)
3. Detector = RMS
4. Sweep time = auto couple
5. Trace mode = max hold
6. Trace was allowed to stabilize
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Test Setup

The EUT and measurement equipment were set up as shown in the diagram below.

travel
adapter

Tmx1lhm 10em
nonconducting platform

1m
extender cahle

a0 crm

LISM

reference ground plane

Figure 7-8. Test Instrument & Measurement Setup
Test Notes

1. All modes of operation were investigated, and the worst-case emissions are reported using mid channel. The

emissions found were not affected by the choice of channel used during testing.

2. The limit for an intentional radiator from 150kHz to 30MHz is specified in §15.207 and RSS-Gen (8.8).
3. Corr. (dB) = Cable loss (dB) + LISN insertion factor (dB)
4. QP/AV Level (dBuV) = QP/AV Analyzer/Receiver Level (dBuV) + Corr. (dB)
5. Margin (dB) = QP/AV Limit (dBuV) - QP/AV Level (dBuV)
6. Traces shown in plot are made using a peak detector.
7. Deviations to the Specifications: None.
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s Keysight EMI Receiver - FrEquEnryS(an BB E =
[ SENSE:INT] | ALIGN AUTO | 10:02:33 AM Jul 28, 2023
FREQUENCY SCAN Scan
CISPR NFE Discrete 50 515
Scan-Search-Meas Atten: 10 dB Free Run

e

et o A

ARG i A, ™
S

Stop 30 MHZ
VBW 90 kHz Dwell Time 96.07 ps t# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD QFF QPDLLTA AVGLLZA OFF COMPOSITEAMPCOR ™

/W1 [150.00 kHz [37.613dBuV__ [34.174dBwV |-  [.28.387dB [-21.826dB |-  [0.329dB
|2 [m[1 [194.00 kHz [39.668dBuV _ [36.711dBuwV |-~  |-24.306dB_|-17.152dB |-  |0.236dB

(3 |W[1 [70596kHz [36.694dBuV [20638dBuv [  [-19.306dB [-16362dB |-  |0.129dB |
4 |W[1 [10.060 MHz [34.209 dBuV [30.622dBwV |-  [-25791dB |-19478dB |-  |0592dB |
5 |W[1 [11.201MHz [34.325dBuV  [20.265dBwV |-  [-25675dB |-20735dB |-  |0617dB |
6 |W[1 [11.552MHz [33.789dBuV [28.839dBuV |-  [-26211dB |-1161dB |-  [0.389dB M
= >

MSG STATUS t DC Coupled

Plot 7-219. Line Conducted Plot with 802.11a UNII Band 1 (L1)

w Keysight EMI Receiver - FrEquEnryS(an [ ||| ]
[ SENSE:INT] | ALIGN AUTO | 10:01:28 AM Jul 28, 2023
FREQUENCY SCAN Scan
NFE Discrete G0 515
Scan-Search-Meas Atten: 10 dB Free Run

10 dB/div Ref 96.99 dBpvV

Stop 30 MHz
VBW 90 kHz Dwell Time 96.07 ps (# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD OFF QPDLLTA AVG LL2A OFF COMPOSITEAMPCOR  *

W1 [162.72kHz [29.949dBuv_ [25.789dBwV |-  [.35.376dB [-29.535dB |-  |0.337dB
|2 [m[1 [186.59kHz |28.686dBuV |23.423dByV |-  |-35501dB [-30.764dB |-  |0.302dB

|3 |W|1 [666.97 kHz |33.268dBuV |27.724dBwV |-~  [-22732dB |18276dB |-  [0.200dB |
|4 |W|1 [11.278MHz |31.333dBuV  [28.284dBwV |-~  [-28667dB |21.716dB |-  [0.333dB |
|5 |W|1 [11.761 MHz |30.966 dBuV |27.374dBwV |-~  [-20034dB |-22626dB |-  [0428dB |
6 [W|1 [14.890 MHz [31170dBuV [27.728dBwV |-~ [-28.830dB |22272dB |-  [0511dB M
< >
MSG STATUS | 1 DC Coupled
Plot 7-220. Line Conducted Plot with 802.11a UNII Band 1 (N)
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‘= Keysight EMI Receiver - Frequency Scan =R

SENSE:INT] [ ALTGN AUTO | 10:03:42 AM Jul 28, 2023

FREQUENCY SCAN Scan
5/5

Atten: 10 dB Free Run

T,

0 ittt e sk A

AN Yy
S

Stop 30 MHZ
VBW 90 kHz Dwell Time 96.07 ps t# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD QFF QPDLLTA AVGLLZA OFF COMPOSITEAMPCOR ™

1 [m[1 [194.00 kHz [39.612dBuvV _ [36.613dBuV |-  [.24.352dB [-17.2561dB |-  [0.236dB

2 |m|1 [697.96 kHz |36.626 dBuV |29.697dBuV |.-  |-19474dB [-16303dB [--  [0.139aB |

3 |Wl1 |42217 MHz 34167 dBuV  |20366dBuV |-  |.21833dB [16634dB |-  [0428d8 |

4 |W|1 |93048MHz |33.685dBuV  |20368dBWV |-  |-26316dB |-20642dB |-  [0.39%6dB |

5 |W|1 [10720MHz |32.048dBuV  |28285dBWV |-  |-27.062dB |-21.745dB |- |0520d8 |

[Bllm |1 [14.937 MHz |32.799 dBuV _|27.827dBWV _|-—  |-27201dB |-22173dB [ [0302dB [
>

<

MSG STATUS 1t DC Coupled

Plot 7-221. Line Conducted Plot with 802.11a UNII Band 2A (L1)

' Keysight EMI Receiver - Frequency Scan ===
d RL RF PRESEL QM DC CORREC [ seEnsE:NT] | ALIGN AUTO | 10:05:55 AM Jul 28, 2023
Freq (Meters) 28.632092 MHz FREQUENCY SCAN Scan
CISPR NFE Discrete (50 515
Scan-Search-Meas Atten: 10 dB Free Run

I H
gttt A
AR AL
IR |

Stop 30 MHz
VBW 90 kHz Dwell Time 96.07 ps (# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD OFF QaPDLL1A AVG LL2A OFF COMPOSITEAMPCOR

1 [m[1 [198.00kHz [35.081dBuV [33.284dByV |-  |-28.613dB |-20410dB |-  [0.267 dB
|2 [W[1 [1.2499 MHz [32.557dByV _ |25.740dBuyV |-  |-23.443dB |-20.260dB |-  |0.212dB
m|1 |11.680MHz [31.038dBuV  |27.098dBuV |-  |-28962dB |-22.902dB 0.196 dB

1 E=S X
|m[1 [12.453 MHz [31.289 dBuV  [27.747dBwV | [-28711dB |-22.253dB |-  0.283dB
[m[1 [17.681 MHz [32.576 dBuV  [29.047dBwV |—  [-27.424dB |-20.953dB |-  |0.616dB
6 |M[1 [18.547 MHz |31.274dBuV _[27.622dBwV [~ [-28.726dB [22.378dB |-~ |0.620dB .
< >
MSG status| t DC Coupled

Plot 7-222. Line Conducted Plot with 802.11a UNII Band 2A (N)
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s Keysight EMI Receiver - FrEquEnryS(an BB E =
[ SENSE:INT] | ALIGN AUTO | 10:08:13 AM Jul 28, 2023
FREQUENCY SCAN Scan
CISPR NFE Discrete 50 515
Scan-Search-Meas Atten: 10 dB Free Run

I e —
MM e T
T
I R
I

Stop 30 MHZ
VBW 90 kHz Dwell Time 96.07 ps t# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD QFF QPDLLTA AVGLLZA OFF COMPOSITEAMPCOR ™

1 [m[1 [9.2720 MHz [33.316dBuvV__ [28.928dBwV |- |.26.686dB [-21.072dB |-  [0.383dB
2 [m[1 [9.2894 MHz [33.790dBuV__ [30.184dBwV |-  [-26.210dB _|-19.816dB |-  |0.359dB

3 |W|1 |97264MHz |33.048dBuV  |28512dBuV |-  |.26662dB8 [-21.088dB |-  [0.331dB |

W|1 [11.013MHz [33.313dBuV  [29474dBwV |- [26687dB |20826dB |-  |0044dB |
5 |W|1 |11.400MHz |34507dBuV |30287dBWV |-  |-26493dB |19713dB |-  |0595d8 |
mumm__

<

MSG STATUS t DC Coupled

Plot 7-223. Line Conducted Plot with 802.11a UNII Band 2C (L1)

' Keysight EMI Receiver - Frequency Scan ===

[ seEnsE:NT] | ALIGN AUTO | 10:07:12 AM Jul 28, 2023
FREQUENCY SCAN Scan

NFE Discrete (50 515
Scan-Search-Meas Atten: 10 dB Free Run

Stop 30 MHz
VBW 90 kHz Dwell Time 96.07 ps (# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD OFF QaPDLL1A AVG LL2A OFF COMPOSITEAMPCOR

1 [m[1 [158.00 kHz [29.597 dByV [24.898dByV |-  |-35972dB |-30.670dB |-  |0.346dB
|m|1 |760.96 kHz [33.529dBuV |26.582dBwV |-  |-22471dB |-19418dB |-  |0.187dB
|m|1 |9.3932 MHz [31.137dBuV _ |27011dBuwW |-  |-28863dB |-22989dB |-  |0.396dB

11.677 MHz [31.053dBuV  [27.217dBwV |-  |-28.947dB |-22783dB |-  |0.165dB
11.817 MHz [31.608 dBuV  |27.697dBpV  |[-—  |-28.392dB |-22.303dB |-  |0.647dB
19.933 MHz [29.675dBuV _[26.109dBw |- |-30.325dB [-23891dB |~  [0.682dB |

MSG status t DC Coupled

Plot 7-224. Line Conducted Plot with 802.11a UNII Band 2C (N)
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s Keysight EMI Receiver - FrEquEnryS(an BB E =
[ SENSE:INT] | ALIGN AUTO | 10:10:28 AM Jul 28, 2023
FREQUENCY SCAN Scan
CISPR NFE Discrete 50 515
Scan-Search-Meas Atten: 10 dB Free Run

Stop 30 MHZ
VBW 90 kHz Dwell Time 96.07 ps t# 4 kHz)

SIG TRC FREQ QPD AMPTD AVG AMPTD QFF QPDLLTA AVGLLZA OFF COMPOSITEAMPCOR ™

(1 [m[1 [198.00 kHz [39.393dBuv _ [37.191dBwV |-  [.24.302dB [-16504dB [  [0.225dB
(2_|m1 [9.4214 MHz |

[33.720dBuV_ [28816dBWV [  [-26.280dB [21.184dB [--  [0347dB |

[W[1 [9.5334 MHz [33.342dBuv  [28367dBWV [~ [ 26668dB [21633dB [~  [0488dB |

4 |W|1 |11.837MHz |33.283dBuV  |28773dBWV |-  |-26717dB |-21.227dB |-  |0677d8 |

5 |W|1 [12524MHz |33.425dBuV  |28753dBWV |-  |-26675dB |-21.247dB |- |0640d8 |

6 |W|1 [1298B5MHz |33.189dBuV _ |20.082dBWV |- | -26811dB |-20918dB |- [0524dB [
< >

Plot 7-225. Line Conducted Plot with 802.11a UNII Band 3 (L1)

MSG STATUS t DC Coupled

w Keysight EMI Receiver - FrEquEnryS(an [ ||| ]
[ SENSE:INT] | ALIGN AUTO | 10:11:58 AM Jul 28, 2023
FREQUENCY SCAN Scan
NFE Discrete G0 515
Scan-Search-Meas Atten: 10 dB Free Run

10 dB/div Ref 96.99 dBpvV

mel m I‘IH
I

Stop 30 MHz
VBW 90 kHz Dwell Time 96.07 ps (# 4 kHz)

S\G TRC FREQ QPD AMPTD AVG AMPTD OFF QPDLLTA AVG LL2A OFF COMPOSITEAMPCOR  *

|1 [164.57 kHz [30.069dBuV [26961dBuV |-  [-35.161dB [-29.278dB |--  |0.333dB
El:lll 673.96 kHz [33.607dBuV |29.718dBpV |-  |-22.393dB |-16.282dB |-  |0.197dB
|3 [m[1 [771.66kHz [33.5638dByV  |27.356dByV |- | 22462dB |-18644dB |-  |0.187dB

4 |W[1 [0.1014 MHz |20.761dBuV  [26.279dBwV [~  [-30.249dB |[23721dB |-~  [0441dB |
I:Ill__
(6 |M[1 [13.981 MHz [31.005dBuV [27.324dBwV [~  [-28.995dB |22676dB |-~ [0.520dB |

<

MSG STATUS | 1 DC Coupled

Plot 7-226. Line Conducted Plot with 802.11a UNII Band 3 (N)
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element

. Keysight EMI Receiver - Frequency Scan

===

RL RF PRESEL A DC_| CORREC [ SENSE:INT] [ AuGNAUTO | 04:57:28 PMAug 01,2023
FREQUENCY SCAN Scan
CISPR NFE Discrete () 5/5
Scan-Search-Meas Atten: 10 dB Free Run

VBW 90 kHz

8IG TRC FREQ QPD AMPTD AVG AMPTD OFF QPDLL1A

]
]
m

AVGLL2 &
1 [W[1 [156.99kHz [41.931dBuV |40.037dBWV |- [-23.690dB [15584dB |- |0301dB |
2 [W[1 [198.00kHz [41.714dBuV [39.248dBuV [  [21.981dB [14446dB |- [0226dB |
3 |m|1 [3.857BMHz [31.979dBuV  |28.123dBWV |-  |-24021dB [17.877dB |- |0234dB |
1 [14.833MHz [32.387dBuWV  [29.301dBwV [  [27.613dB [20609dB |-  |0608dB |
[1 [15.067 MHz [32.756 dBuV_ |28.766dBWV |-  |-27.244dB |-21.234dB |- |

[1 [16.305MHz [31.702dBuV  [27.818dBuV [  [-28208dB [22182dB |-  [0520dB |8
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Plot 7-227. Line Conducted Plot with 802.11a UNIlI Band 4 (L1)
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FREQUENCY SCAN Scan
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Scan-Search-Meas Atten: 10 dB Free Run

VBW 90 kHz

Stop 30 MHz
Dwell Time 96.07 us(# 4 kHz)

8IG TRC FREQ QPDAMPTD AVG AMPTD OFF QPDLL1A

32.449dByV  [29.645dBwV |-  |-27551dB [-20.355dB |-  |0.537dB
|5 [m[1 [15416 MHz [32.601dBuV  [28.876dBpV |-  [-27.399dB |-21124dB |-  [0471dB
6 (m[1 [15709 MHz [32.900dByvV [30.201dBWV |-  |27.100dB [-19.799dB |-  |0.602dB .
< >

AVG LLZA
1 [m[1 [150.00 kHz [39.477 dBuV [35.988dBwV |-  [-26.523dB |-20.012dB [--  [0.369dB
[2 [m[1 [222.00kHz [31.304dBuV [27.266dBWV |-  |-31.440dB |-25478dB |-  |0.214dB
EIEE 74596 kHz [34.185dBuV  |29.975dBwV |-  |-21.815dB |-16.025dB [~  |0.168dB
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Plot 7-228. Line Conducted Plot with 802.11a UNII Band 4 (N)
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