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Review of 802.11n: Basis for 802.11ac
| Feawe | Mandaoy [ optional |

Transmission method OFDM

Channel bandwidth 20 MHz 40 MHz

FFT size 64 128

Data subcarriers / pilots 52/4 108/6

Subcarrier spacing 312.5 kHz

OFDM symbol duration 4 s (800 ns guard interval) 3.6 s (with 400 ns short guard
interval)

Modulation types BPSK, QPSK, 16QAM, 640AM

Forward error correction Binary convolutional coding (BCC) | Low density parity check (LDPC)

Coding rates

1/2, 2/3,3/4,5/6

MCS supported

0to 7, 0to 15 for access points

8 to 76, 16 to 76 for APs

Spatial streams and MIMO

1, 2 for access points
direct mapping

3 or 4 streams
Tx beamforming, STBC

Operating mode / PPDU
format

Legacy/non-HT (802.11a/b/g)
Mixed/HT-mixed (802.11a/b/g/n)

Greenfield/HT-Greenfield
(802.11n only)
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Changes and Enhancements for 802.11ac

+ Wider channels

NEW!

+ Higher-order modulation

+ More spatial streams and antennas (up to 8)

« Multi-user MIMO

Channel bandwidth

20 MHz, 40 MHz, 80 MHz

160 MHz, 80+80 MHz

FFT size 64, 128, 256 512
Data subcarriers / pilots 52/4,108/6,234/8 468 / 16
Modulation types BPSK, QPSK, 16QAM, 640AM 256QAM
MCS supported Oto7 8and9
Spatial streams and MIMO 1 2t08
Tx beamforming, STBC

Multi-user MIMO (MU-MIMO)

Operating mode / PPDU format | Very high throughput / VHT

Data rates: 1.56 Gbps (80 MHz, 4 Tx, MCS9) “reasonable” case

6.93 Gbps (160 MHz, 8 Tx, MCS9, short Gl) best case
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802 11 RF layer standard transmitter measurements O — —

= Transmit power
= Transmit Power On/Off Ramp

* Transmit Spectrum mask Spectrum Emission Mask
= RF Carrier suppression

/2 Qrigin Offset

* Center frequency leakage

= Transmit Spectral flatness

= Transmission spurious

* Transmit Center frequency tolerance

= Symbol clock frequency tolerance

* Transmit Modulation Accuracy Error Vector Magnitude

= Transmitter Constellation Error

Error Vector Magnitude (EVM) to measure the quality of
the transmission

Spectrum Emission Mask (SEM) to determine the
correctness of the transmission emission.

Additional measurements are needed to debug and find
the root causes of failure (Constellation Diagram, EVM
vs. time and IQ imbalance)
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Standard: 802.11a/g/j/p

Bandwidth: 20 MHz

Guard Interval: Auto from SIG

EVM
All Pilots Data

RMS -22.73 dB -25.45 dB -22.56 dB
Peak -8.94 dB -16.07 dB -8.94 dB
Pk@Sym/Sub 3 | -26 31/ 21 3/ -26
Avg RM5 -22.73 dB

1 of 20 Bursts
Max RMS -22.73 dB

Packet Format: AG

Data Modulation: QPSK
Guard Interval: 1/4

STF
LTF

SIG
Data

Symbols

2
2

1
41

EVM

-22.70 dB
-27.60 dB

-24.97 dB
-22.73 dB

Avg Power

-47.79 dBm
-48.17 dBm

-48.09 dBm
-48.00 dBm

Burst Power: -48.00 dBm  Peak-to-Average: 10.11 dB SIG Data Parity: Pass
Burst Index: 1 I0 Origin Offset: -36.88 dB Rate 5 Rese I 0
Frequency Error: -25.58 kHz Common Pilot Error: 2.979 % Length 239 Parity 1
Symbol Clk Error: -11.834 ppm Tail 0
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Fle View Run Replay Markers Setup Tools Connectivity Window Help

& & 5 & 18 | Frequency: 5.2500 GHz RefLev: -25.00 dBm | Connection: W Praset Replay -~ | %) Stop -
Il WLAN Channel Response = @ 4l WLAN Symbol Table = '@
@ 5.00 dB
Subcarriers (horizontal) vs. Symbols (vertical)
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WL b 21 73 29 A 6A C4 14 BF 0B 86 09 07 47 29
o Position:
0.000 7 Ca D1 EE Bl 1A 23 68 1F BG 51 5B 15 Al 47
8 Bl 57 FE 87 21 D5 EC 8D A7 AB 60 52 Al D3
30,0 © Q 7C 01 D1 89 D& 1D 8E 36 A3 EA SE 6F 4B 9E
10 40 40 A2 34 1C FA a0 3F 02 2B SA 81 55 1F
- e s e e = PR PY R ar _lea 1= lar lan 1= lar ar  lns =
Il WLAN Constellation [ = |[ @ [ = || il WLAN Summary | = |[ @ | = || il spectrum Emission Mask
Pass Ref Detection: +Peak dormal
Standard: 802.11ac Bandwidth: 80 + | © -25.00 dBm
| || & dBfdiv:
Burst Power: -32.75 dBm  Peak-to-Awverage: 10.95 dB 10.0 dB
Burst Index: 1 1Q Origin Offset: -62.90 dB |= ! ! Ml | cuU
Frequency Error: -1.20 kHz Common Pilot Error: 0.003 % )
Symbol Clk Error: -0.220 ppm i
-125.00 dBm
EVM
Al Pilots Dak Ref: Peak Row Offset Start Freq Stop Freqg Pl
RMS 3844 dB  40.28 dB -38.38 dB 1 1B 200000 Mit |.120.000 Mt |95
Peak 24.01dB  -20.55dB -24.01 dB 5277 dBm P P [P [F———
Pk@Sym/Sub 11/ 120 13/ 75 11/ -120 | 5 o moome |aiomme |3 <
4| m | 3 4| 1 | }
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o -32.89 dBm
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View:
|Fu|| Burst v|
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Burst Power: -48.002 dBm
o -28.8 %
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