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• Single Carrier FDD to Minimize Cost of Radio at
Subscriber and Base Stations

• Adaptive Modulation and FEC to optimize link
gain for each subscriber’s channel conditions
• BPSK, QPSK, …64QAM, 256QAM
• Adjustable Rate Turbo codes

• Enhanced Decision Feedback Equalization for
multipath channels

• Extensible and scalable to support multi-
antenna spatial diversity as needed
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Usage Scenario showing
modulation format and
FEC coding rate adapted
to channel propagation
conditions

Rural
BPSK/Rate 1/2

Near Suburban
(Obstructed LOS)

8PSK/Rate 5/6

Urban Small Business
( LOS w/multipath)

64QAM/Rate 5/6

Base
Station
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• Same modulation/code rate used for duration of
block

• ‘Uncoded’ “Block Identifier Words” used to:
•
•

Note: Blocks shown as multiple MPEG frames for convenience only. Block length can be arbitrary.

Block Identifier
Word  #1

Encoded Payload (N MPEG-2 Frames +
Parity + Pilot Symbols)

Block Identifier
Word  #2

Encoded Payload (N MPEG-2 Frames +
Parity + Pilot Symbols)

Block Identifier
Word  #3

Encoded Payload (N MPEG-2 Frames +
Parity + Pilot Symbols)

"More" symbs (lower
order modulation/code

rate)

"Less" symbs (higher
order modulation/code

rate)

BIW Designates
Mod/Coding for

Block Ahead

BIW Designates
Mod/Coding for

Block Ahead

Block Identifier
Word  #4
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• BIW sent uncoded at lowest modulation format
• Unique Word selected for strong autocorrelation

properties
• Code Word designates Modulation Format and

Code Rate

Unique Word
(U uncoded symbs)

Offset
(x symbs)

Code Word
(W uncoded symbs)
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• Used for carrier phase tracking
• Aggregated in bursts for AWGN averaging
• Bursts regularly spaced within block for easy loop tracking
• Parameterizable; could potentially differ by mode or

change to one of several settings on the fly

UWBlockUW

UW: Unique Word

Variable Parameters
L: Number of Symbols in a Block (excluding UW)
D: Symbol Interval between Pilot Bursts
P: Number of Pilot Symbols in a Pilot Burst

Dependent Variable
E: Partial Data Interval Length at Block End

L
symbs

Phase
Noise

Process
Sampling

Data

D
symbs

Data

P
symbs

D
symbs

Data

P
symbs

Data
Data
end

E
symbs

P
symbs

D
symbs

D
symbs

P
symbs
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• Block Sync based on uncoded Block Identifier
Word preceding every every block

• Unique Word is uncoded, so correlation against
this known word possible
• Acquisition speedup

Ð  initial carrier phase + AFC
Ð Near-simultaneous frame sync achieved during

recovery from fades

•  Enables quicker channel changes
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Channel Link Gain with respect to 64QAM

Modulation 
Format Relative Link Gain

BPSK 18 dB

QPSK 12 dB

16QAM 6 dB

64QAM 0 dB

256QAM -6 dB

Bandwidth Efficiency for Various Modulation
Formats
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Modulation

Phase Noise 
at 10KHz 

offset 
(dBc/Hz)

Phase Noise 
at 100KHz 

offset 
(dBc/Hz)

Power Amp 
Back off 

from 1 dB 
comp.

QPSK -75 -85 4

16QAM -75 -85 6

64QAM -85 -95 9

OFDM* -97 -117 14

*512 tone, 6 MHz channel, ~5 Msymb/sec, 64QAM
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• Spectrally Efficient
• System operator can adjust modulation and

coding to optimize service to wide range of
subscribers

• Simple Implementation
• CPE based on Cable Modem chipsets and widely

available radio hardware
• Single carrier (more tolerant to phase noise)

minimizes cost of both BTS & CPE Radios
•  RF Hardware typically ≥ in cost to baseband

• Link gain can be adjusted over >20 dB range to
compensate for wide-range of channel
impairments


