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BERAX: TORILZEZER(BPSK,QPSK,QAM etc.)
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802.1 Bridging and Architecture 0S| Reference
— generally the top of the link layer Model
802.3 CSMA/CD - Carrier sense multiple access/collision
detect — wired Ethernet

802.11 WLAN — wireless LAN

802.15 WPAN — wireless personal area network
802.16 BWA — broadband wireless access

802.17 ResPackRing — resilient packet ring

802.18 Radio Regulatory TAG

802.19 Coexistance TAG IEEE
802.20 MBWA — mobile broadband wireless access
802.21 Media Independent Handoff Medium

802.22 WRAN - wireless regional area networks
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TG3c MCS dependent parameters
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SCO#H#BSr
Datarate Datarate Soreadin
MCS @ MCS (Mb/s) with (Mb/s) with . 9
. - . . Modulation factor, FEC type
class = identifier = pilot word pilot word LSE
length=0 length = 64
Class 0 258 (CMYS) -- 64
1
1 412 361 /2 4
RS(255,239
3 1650 (MPR) 1440 1
4 1320 1160 n/2 BPSK/(G)M SK 1 LDPC(672,504)
5 440 385 2
n/2 BPSK/(G)M SK LDPC(672,336)
6 880 770 1
Class 7 1760 1540 w/2 QPSK 1 LDPC(672,336)
2
8 2640 2310 w/2 QPSK 1 LDPC(672,504)
9 3080 2700 w2 QPSK 1 LDPC(672,588)
10 3290 2780 w/2 QPSK 1 L DPC(l)M 0,1344
11 3300 2890 w/2 QPSK 1 RS(255,239)
Class 12 3960 3470 n/2 8-PSK 1 LDPC(672,504)
3
13 5280 4620 n/2 16-QAM 1 LDPC(672,504)
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11ad Modulation and Coding Scheme for SC  1nspire the Next

SChHHHBA

MCS Modulation NCBPS | Repetition | Code Rate | Data Rate

I ndex (Mbps)
1 n/2-BPSK 1 2 1/2 385
2 n/2-BPSK 1 1 1/2 770
3 n/2-BPSK 1 1 5/8 962.5
4 n/2-BPSK 1 1 3/4 1155
5 n/2-BPSK 1 1 13/16 1251.25
6 7/2-QPSK 2 1 1/2 1540
7 7/2-QPSK 2 1 5/8 1925
8 7/2-QPSK 2 1 3/4 2310
9 7/2-QPSK 2 1 13/16 2502.5
10 n/2-16QAM 4 1 1/2 3080
11 n/2-16QAM 4 1 5/8 3850
12 n/2-16QAM 4 1 3/4 4620
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HITACHI

11ad Low power SC Modulation and Coding Schemes imspire the Next

MC | Modulatio | Effective Code Coding Scheme NC | Rate
S n Rate PB | (Mbps)
25 | p/2-BPSK 13/28 RS(224,208)+Block- 392 626
Code(16,8)
26 | p/2-BPSK 13/21 RS(224,208)+Block- 392 834
Code(12,8)
27 | p/2-BPSK 52/63 RS(224,208)+SPC(9,8) 392 1112
28 | p/2-QPSK 13/28 RS(224,208)+Block- 392 1251
Code(16,8)
29 | p/2-QPSK 13/21 RS(224,208)+Block- 392 1668
Code(12,8)
30 | p/2-QPSK 52/63 RS(224,208)+SPC(9,8) 392 2224
31 | p/2-QPSK 13/14 RS(224,208)+Block-Code(8,8) | 392 2503

© Hitachi, Ltd. 2013. All rights reserved. 18
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[EEE802.15.3cDT—AT7L—LEE e the N

BPreamble, Header ,Payload
BGolay Sequence

CMS PHY MCS =0

Preamble (6144 + 896 + 1280 = 8320 bit) CMS frame header
48 rematition of b12g | CTAP: (F1-14141-1,-1=1) by b128 | b128, b256, 2256, b256, hz:;r h';"g:r Others Payload
P CAP: (+1+1+1-1-1+1-1) by b128 a256, al28 . . 144 bit 0 — 1048575 octet
40 bit 80 bit
SYNC SFD CES 264 bit
128 x 48 = 6144 bit 128 x 7 = 896 bit (128x2)+(256x4) = 1280bit al28,b128, a256, b256: Golay codes specified in the standard
SYNC: Frame syncronization
SC PHY regular frame format SFD: Start frame delimiter
(Aggregation field = 0. Security filed = 0). other aggregation frames are omitted. CES: Channel estimation seauence
Preamble (1792 + 512 + 1152 = 3456 bit) Base frame header
14 repotition of al2g | HR (+1#1-1-1) by al28 | b128, b256, a256, k256, h::'dir h';"aAer ?ﬂ‘f}f Payload
MR (+1-1,+1,-1) by al128 a256 40 bit 80 bit bit 0 — 1048575 octet
SYNC SFD CES 264 + x bit
128 x 14 = 1792 bit 128 x 4 = 512 bit 128+(256x4) = 1152 bit x: Stuff bit

© Hitachi, Ltd. 2013. All rights reserved. 20



IEEES02.11ad DT—427L—LiEE& e

BPreamble, Header ,Payload
BGolay Sequence

If Training Length field = 0; then no Training field is present.
Control PHY MCS =0

. _Training field o
Preamble (214.3.1) p457 (5120 + 1152 = 6272 bit) N ~
38 repetition of Gb128 Gub12 Gvb12 Header PSDU AGC TRN-R/T
(p457) —Gb128|—Gal28 (p.452) (p.452) —GbI28| 40 bit 14 - 1023 octet p494 p.494
Short Training Field (STF) Channel Estimation Field (CE) 5 octet PSDU: PLCP Service Data Unit
128 x (38 + 2) = 5120 bit 512 x 2 + 128 = 1152 bit PLCP: Physical Layer Convergence Procedure
If Training Length field = 0; then no Training field is present.
SC & Low power PHY
< Training field >
Preamble (21.3.6 Common Preamble) p451 (2176 + 1152 = 3328 bit)
16 repetition of Ga128 Gai 28 Gub12 Gv512 Gbi28 Header PSDU AGC TRN-R/T
(p.451) - (p.452) (p.452) - 64 bit 0- 262143 octet p494 p.494
Short Training Field (STF) Channel Estimation Field (CE) 8 octet
128 x (16 + 1) = 2176 bit 512 x 2 + 128 = 1152 bit
MCS Index
SC PHY 1to 12
Low power PHY 25 to 31

© Hitachi, Ltd. 2013. All rights reserved. 21
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BPreamble, Header ,Payload
BGolay Sequence
BMCS. FECRI#RIZFRLLRIE LS LY
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AIEOBAIND RFHKRDOEHKEERATL FllieSlal,

BERAX: TORILZEZER(BPSK,QPSK,QAM etc.)
REELER - ERESHRER(DAC)
BEEERIT:-UTIN24 L4 0(ADC)

EBBIEE :ex. 11adTIIE®K.7Gb/s
BEEESHAESR (DAC) - £RTRE
m)7ILRA LA O(ADC) fEHT Rl RE

REEEERES (DAC) : £ HE EDRLUR
m)7I)LEA LA A(ADC) T T RE Xy

BRF{EE : ex. 11ad CE0GH 7B TR K. 7Gb/s {ADC-DACL&LE}
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60GHz Converters

Up Converter Down Converter
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- IF RF
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Signal Generation Software
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ZEF v RILOEVMAEIE # R e
by R&S by Agilent by Agilent
FSUB7 PNA-X PNA-X

Method of No- Mag-Magonly | Mag/Phase | Mag/Phase

Compensation Compensation | Up & Down Up only Up & Down

(Phase: No Care ) (Down: No Care )

CH1

CF=58.32 [GHz] 16.7 [%] 9.8 [%] 7.7 [%] 4.3 [%]

CH2

CF=60.48 [GHz] 13.0 [%] 7.7 [%] 8.3 [%] 4.2 [%]

CH3

CF=62.64 [GHz] 11.0 0] 7.7 [%] 7.6 [%] 3.7 [%]

CH4

CF=64.80 [GHz] 9.6 [%] 7.5 [%] 6.3 [%] 5.0 [%]

Modulation: TG3c Single Carrier, PI/2DBPSK, 1.76Gsym/s, Alpha=0.25, CF=14.08GHz
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Even FSU67 doesn't say it is not full flat,
the EVM seems extremely improved.
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CTS Test Specs (part of list) el

No. |[Section numbe Description Test Requirement M/0O |Parameter Value Testability
16 |21 DBand PHY specification M NA
17 211 DBand PHY Introduction M NA
18 |21.1.1 Scope M NA
19 [21.1.2 DBand PHY functions M NA
20 |21.1.21 DBand PLCP sublayer M NA
21 |21.1.2.2 DBand PMD sublayer M NA
22 |211.2.3 PHY management entity (PLME) M NA
23 |21.1.24 Service specification method M NA
24 1212 DBand PHY service interface M NA
25 |21.241 Introduction M NA
26 [21.2.2 TXVECTOR and RXVECTOR parameters M NA
27 |21.23 TXSTATUS Parameters M NA
28 |21.3 Common parameters M NA
29 |21.31 Channelization M Tx, Rx*
30 [21.3.2 Transmit Mask Spectrum Mask Test M Tx
31 21.3.3 Common requirements M -
32 (21.3.3.1 Introduction M NA
33 |21.3.3.2 Tx RF Delay M -
34 (21.3.3.3 Center Frequency Tolerance M NA
35 [21.3.3.3.1 General Freq Error Measurement M =+20ppm Tx
36 (21.3.3.3.2 Center Frequency Convergence M < 1ppm, < 0.9us -
37 121.334 Symbol Clock Tolerance Chip Rate measurement M +20ppm Tx
38 [21.3.35 Tx Center Frequency Leakage ACPR & PSD M < -23dB(SC PHY) Tx
measurement
39 121.3.3.6 Transmit Ramp up and Ramp Down Rise/Fall time meas M < 10ns Tx
40 |21.3.3.7 Antenna Setting Antenna/Propagation M Tx, Rx*
© Hitacht, Ltd. Z013. All rights reserved. 9
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RxTG3cPHY Ver. 1.

File(E) Settingz(3) M

00579

pazure(E)  Wiew ()

AboutiA)

x[G3cPHY Ver. 1.00.579

FilelE? Settings  Signali@?  Wiewly)  Aboutlf)
Output AWG
Mode IF b Instrument Name TCPIP:1921680102:MSTR v| [ Find
Sample Rate 24000000 GHz
220 e Output Level 1.00 Wpp
File Transferred IQ Data Point
IF File | | . Leneth 0 Samples 0 Chips
1Q File | | | [] Gonfirm 12 Data Clear
Modulation Data
Filter Type Payload Data PRES23 »
Coefficient Data File [
Chip Rate 1.760000 Geps
IF Garrier Freq 4000000 GHz
[cms | SC [Cont [[GAL | Load File| Q
IFs 050 % psec
PHY payload Frame header PHY preamble
PRES23(Age ON/SecBitOFF) CMS-CTAP |»
Optional frame header Base frame header
Stuff bits | RS parity bits | HGS | MAGC subheader Stuff bitz | RS parity bits | HGS | MAC header PHY header
PRES23 PRES23{fee:ON)
Reserved | PGES | Pilot word leneth | Low latency mode | Beam tracking | Preamble type | Frame length | MGS LIEF feeregation | Scrambler seed 1D
I e e

Input Ozcilloscope
Mode IF w* Sample Rate 25.000000 GHz
Input Level 1.00 Vpp
DownConvertes
b Trigger Mode  FORCE
RF Ghannel
Dataleneth 100 psec
Attenuation
IO Data Memory
IF File ‘ ‘ : IF C.
I File ‘ ‘ Leng
Demodulation
Chip Rate 1.760000 Geps Chip Rate Search ON Fra
Burst Threshold -20 dBm Frequency Search ON Mo
Data
Payload Data FRES23 w Data File
Record
Leneth 10 psec Number of Frames 2
Number of NG Frames 0
Frame
Frame Mo. Spectrum Mask Pazs
Start Time 00 psec EVM(RMS) 352 %
Leneth 361 psec Preamble Gorrelation 0
Power{Mean}  -1057 dBm Number of Seements 1
1
Segment
Segment No. 1135 Spectrum Mask Pass
Start Time 401 psec Frequency Error 027 kHz
Leneth 598 usec EVM{RMS) 362 %
Power{Mean) -1057 dBm Chip Rate 1.760000 Geps (+0.0000 %

Unframed

10528 chip

Type
Data Leneth

Aequired Analyze  Succeeded

Rx signal analysis tool

Tx Packet signal generation tool
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RF packet signal R
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Man October 04, 2011 1

Actual TG3c RF/IF packet signal (waveform observed by scope)
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... and more.
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5 o o
100000
100000

Power

1001001000
1001010100
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