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Achieving higher data rates ...

Data rate evelution S

Capacity Bandwidth

s FSK 75 bps — 0.025 b/s/Hz Limited
s Kineplex 1200 bps — 0.4 b/s/Hz e
s Serall Tene

PSK 2400 bpsi— 1 b/s/Hz

QAMIO600 bps — 4 b/s/HHz

Actually using 64QAM 6 l/s/Hz

Increasing data rates costs expoenentially more: pewer to
achieve

s New well'inte the handwidih censtrained! portion off Shannen's
capacity curve




Motivation for Wideband HE
Standardization

IHigher IHE data rates becoming Impertant

s Digitizatien of the battiefield means lew: rates are extremely.
limited 1n the services that they can suppert

a Coencern akeut operation In Satellite denied envirenment has led

10 a resurgence In interest in; data over HE

Harrs and Rockwell Collins had bhoth commenced
Independent efforts ter achieve higher rates at HE

s Bothrappreaches assumead avaianility: of higher handwidths and
used a seriall tene appreach to achieve the highest data rates

Eric Jehnson off NMSUI facilitated coeperative meetings to see If
Rockwell Collins and Harris could werk tegether to standardize a
next generation wideband HE waveform to be included in the
revision of Mil-Std 188-110




Basic Design Philesephy.

Wavetorm set for every bandwidth multiple of 3 kiHz up te 24 kHz
a Bandwidih to e used is speciiied 1 advance

As 1n Mil=Std" 188-1.108B), data rate and 1nterleaver are autobaud
capanle

Delay: spread), Doppler spread and SNR' capabilities; mproyve
moenotenically as data rate Is reduced

HIghest data rates fier each handwidth ntended fior surface wave
usage: (2561 QAM)

Lower PSK data rates te support at least 6.6 ms of delay’ spread
Lowest rate: for every bandwidthiis hased on a Walsh medulatien




Features

Autenpaud preamible selects firom

x 16 possible: modulation/code rate/known-Unknoewn
data cembinatiens

Currently: =12 serial-tone PSK/QAN data rates defined! for
every bandwidth

One cembination for every data rate
LLowest data rate to e provided lhy: a Walshi moedulation

x4 nterleaver lengtis
s 2 code lengths

Norreinserted preambile

s Broadcast transmissions; supperted: By providing for
synchrenization of any: interleaver on the leng
Interleaver boundary.




More Features ...

Preamble’ lengtihris; selectanie

a Shoertest preamile for eveny data rate is
approximately 0.12" ms

n Better suppoert fier SerVICes requirng Iow-1atency
(Voice)
Better support for TBMA SerVICes

a Mil-Std 188-110B speciiiedl transmission length
feature mamntainea

s EOT Indicator 1 the mini-proke allows rapid return to
acquisition fellewing receipt of a transmission




Waveform Format

Similar te' US MIL-STID-188-110B" Appendix C
Waveliorms
x Initiall preamile

Provides aute-haud capaloriby

a Mini-proeke: (knewn symiels)
Used! for channel estimation

x Unknown symiol pertien
Data symiools




Waveform Format

Synchronization Preamble

Data Block - U symbols

Mini-probe — K symbol sequence




Waveform Format




Waveform Format




Waveform Format

Modulation: used for Preamble
= Walsh based

Modulation used for Mini=Prekhe
s Phase Shiiit Keying (PSK) based

Modulations used for Data

a \Walsh modulatien similar te) 75 bjps
Actuall details TBD
x M-an-PSK (M=PSK)
BRPSK, QPSK, 8-PSK
s M-ary Quadrature: Amplituder Moedulation: (M-QAM)

Non-standard “Rounded” Constellations
x [Lower peak-power ter average-power: ratio

16-QAM), 32-QAM), 64-QAM, 256-QAM



Waveform Format

&f Bandwidtis
=3, 6,9 12, 15, 18, 21, 24 kHz
13 Data Rates defined for each bandwidith




Waveform Format




Waveform Format




Waveform Format

14 Djiferent Mini-Proke SEgUERCES

x 11 Different hase seguences Used ter generate
the mini-preke SequUeEnces

= MIRI-prekes are cyclic extensions ofi hase
sequence

Cyclic: shift off miniEpreke Used torindicate
end ofi longlinterleaver block hounRdary




Waveform Format




Waveform Format

A different Interleaver sizes

a Ultrashort (appreximeately 0.12 secs)
x Shoert (apprexinmately: 0.481 secs)

s Medium! (approximately: 1.92' secs)

x Long (appreximately: 7.66 secs)



Waveform Format

2 diferent Convoelutional Codes
s liate Y2 constraint length 7
s liate Y2 constraint length’ S

Repetition and PUnciuringl USed to
generate fellewingl cede: rates

w 1/16, 1/12, 1/8, 1/6, 1/4, 1/3, 1/2, 2/3, 3/4,
5/6, 8/10; &/9, 9/10




Waveform Format




Preposed Preamile Design

SENt at PegINNING off eachl transmission

Fransmitted at same: symnel rate /
Bandwidth as the fellowing data

Prevides a mechanisn teralign time anad
freguency. at the receiver

ldentifies the wavetorm 1D — bit rate; code
length, Interleaver setting.




Preamble Format
| e |

FIXED COUNT FRAMES WAVEFORM ID FRAMES
C3,C2,C1,C0 w4, W3, W2, W1, WO

[LC section for TGC / AGC settiing

Preamble consists of IVl repeats: of the preamble
SUperiirame

Each Superifianme contains fixed moedulation, followead: by
frames containing count, followed by frames containing
Wavetorm 1D




Preample Superframe Eormat

FIXED SECTION

s Consists of L repetitions of a 128 symol
frame.

= Symboels are 8PSK; m=*PI/4 {m 0-7}

s 128 symlols selected via cemputer simulation
forr Code Cross correlation properties

= Processing provides tine alignment and
freguency: offiset estimates




Orthoegonal Walsh Moedulation

Count anad\Waveiorm, D sections convey: data by,
Orthegenal\Walshr Vieodulation

Each Erame consists ofi a 32 element 8PSK
SeguUence: chesen for geed correlation preperties.

A dibit (C 2 bits) ofi Infiermation are conveyed By
each frame: by modulating| the 32 element 8PSK
Sseguence hy ene off4 Walshi seguences;




Orthoegonal Walsh Moedulation

di-bit Walsh Sequence

00 0000
01 0404
10 0044
El 0440

Example:

s 32 Element Sequence {
018652754167 24262763252201.754231 }

x Dibit off 01 selects Walsh seguence: 0404 wWhichiis
repeated & times {
0)210)210)200)210)210)216)410)210)210)21 )21 0)210)1 0)210)210) 1}

= Resulting in 05325671456320222367212605714635}




Preample Superfirame Eormait

Count
= & DIt count represented as 4 dilits
n C35,C2,C1,C0 represent count MSB te' LSB

» Count starts at (IM=1) where: Vs the Rumieer
Off SUPErframe repeats

s Example: Count of 33 would lbe represented
as 00 10 00 01, C3=00,C2=10,C1=00,C0=01




Preample Superfirame Eormait

Waveform W4 W3 Waveform W4 W3
Number Number

\Wavetorm 1D 0 0 0 8 T

00 01 2] 10 01

s 10 bit count oo=1¥i0 ' i 10 10
represented as 5 dibits 00 1 1 10 g Fat

01 00 12 Iy 00

W41W3 1W2 1W1 1WO 01 01 13 14 01
= WO provides a parity. e e 1110

Of Wl—W4 01 11 15 il 1

Interleaver

Constraint Length W1
Ultra Short

f 00
9 01

Short
Medium

Long




A Way Ahead

Specify radio passbands in -141C
Specify waveforms in -110C

WBHF channel simulator specs in -110C
Demonstrate viability to user community

Demonstrate demand to spectrum
managers




Questions?




