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Frequency‐selective fading
Wireless networks are moving toward wideband
transmissions for higher data rates.

Unavoidable to experience different fading in a
wideband channel.
Frequency‐selective fading requires us to adopt the
lowest density modulation scheme that are
supported at all subcarriers, or add complexity to
adapt per subcarrier.

The number of bits transmitted per modulation symbol is reduced when we reduce constellation
density to add more error tolerance.
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Related work

• FARA (frequency‐aware rate adaptation) adapts bitrate based on each subcarrier’s signal‐
to‐noise ratio (SNR).
• JPRA (joint power and rate adaptation) further combines rate adaption with power
allocation based on the error vector magnitude (EVM) measured on each subcarrier.
• Smart interleaving leverages the channel state information (CSI) to find reliable subcarriers
and interleave important symbols to them.
• ROHC (robust header compression) compress IP/TCP and IP/UDP headers by exploiting
unique header structures.
• JSCC (joint source‐channel coding and decoding) exploits source redundancy through a co‐
design of PHY and application to improve communication reliability.

Another dimension to assist data transmission
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Looking for patterns during bit allocation

QPSK example
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Wisely select the content to transmit with the subcarrier state change.
• Identify bit pattern that occurs more often in bit allocation and use it as the
code for the particular modulation scheme.
• Whenever hit the modulation scheme code, deactivate the subcarrier.
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4 more bits are transmitted in the OFDM symbol
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Subcarrier nulling state

1. No signal is transmitted on a nulled subcarrier, hence less susceptible to multipath interference.
2. There are more error tolerance margins between low magnitude symbols.
(e.g., KMOD = 1 / √42 in 64‐QAM, lowest:|0.1543 + j0.1543|=0.2182, highest:|1.08 + j1.08|= 1.5274,
preamble is a sequence of 1+j0 and ‐1 + j0, estimated 10% magnification, 0.2182 x 10% < 1.5274 x 10%)

Modulation scheme code rule

10 0 01 11 0 00 11 …
Problem: When a bit pattern is assumed
to be the code for a modulation scheme,
the allocation of data bits to subcarriers is
completely changed.

Solution:
1. Group data bits that are assigned to subcarriers with the same
modulation scheme in the same set.
2. Restrict the code length to be an integer multiple of k, where k is
the number of bits that can be represented by a symbol in a
modulation scheme.
3. Frequent pattern mining to identify modulation scheme code.

Bonus bits

• 7%~ 26% bonus bits in a low density modulation scheme (i.e., BPSK or
QPSK).
• Few bonus bits in a high‐density modulation schemes (i.e., QAM).
• Reasons:
⁻ Sliding window is moved faster in a higher density modulation scheme.
⁻ A symbol represents more bits in a higher density modulation scheme.

Known bits

• Instead of trying to deliver more bits when having a hit on the modulation scheme code, change to
increase the probability of having a hit on the modulation scheme code in high‐density modulation
schemes.
• If k bits are represented by a symbol in a high‐density modulation scheme, fix the code length to k
for the modulation scheme.
• Each subcarrier can has its own code.
• The number of known bits that introduced by MSC is increased to above 10 percent.

Throughput gain

Block retransmission

FEC

• With known bits, the lower BER in MSC leads to fewer blocks to be retransmitted.
• The throughput is improved by 4 to 7 percent when QAM is used.
• When BPSK and QPSK are used, the throughput gains are 1.59x and 1.27x, respectively.
⁻ More known bits are introduced in low‐density modulation schemes.
⁻ Shortened transmission time because of bonus bits.
• The reduced bit errors may allow the forward error correction algorithms to correct the bit errors.

Main contributions

• Perceive the opportunity of utilizing subcarrier on/off states as another
dimension to increase network throughput.
• Propose a method to identify the optimal code for each modulation
scheme.
• Leverage subcarrier nulling to inform the receiver of the subcarrier state
change.
• Improve decoding performance of the standard convolutional decoder with
known bits represented by subcarrier state change.
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