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Channel coding theorem (Shannon )

C = max
p(x)

I(X; Y)
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∙ Simple model for wireless, wired, and optical communication

∙ Average power constraint∑n
i= x


i (m) ≤ nP

∙ Channel quality measured by SNR = gP

Channel coding theorem (Shannon )

C = 


log( + SNR)

/



Capacity of the Gaussian channel (Forney–Ungerboeck ’)

/



How to achieve the capacity?

∙ Random coding and joint typicality decoding

(Shannon , Forney , Cover )

/



How to achieve the capacity?

∙ Random coding and joint typicality decoding

(Shannon , Forney , Cover )

/

X
n



How to achieve the capacity?

∙ Random coding and joint typicality decoding

(Shannon , Forney , Cover )

/

X
n

xn(m)



How to achieve the capacity?

∙ Random coding and joint typicality decoding

(Shannon , Forney , Cover )

∙ Find a uniquem such that (xn(m), yn) is jointly typical w.r.t. p(x, y)

/

X
n Y

n

ynxn(m)



How to achieve the capacity?

∙ Random coding and joint typicality decoding

(Shannon , Forney , Cover )

∙ Find a uniquem such that (xn(m), yn) is jointly typical w.r.t. p(x, y)
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∙ BPSK: X = {−$P, +$P} and N = n

 Ü→ +$P

 Ü→ −$P

∙ Sometimes multiple, independent (binary) codewords are modulated together

∙ We decompose codedmodulation into two operations

é Symbol-level mapping: X = ϕ(U ,U , . . . ,UL),Ul ∈ {±}
é Block-level mapping: Un

l = ψ(CN ), l = , . . . , L
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∙ Can induce nonuniform X (Gallager )
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∙ Multi-level coding (MLC): Wachsmann–Fischer–Huber ()
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∙ Bit-interleaved codedmodulation (BICM): Caire–Taricco–Biglieri ()
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∙ Novel codes
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∙ Sliding-window codedmodulation for sender  (without alphabet constraints)
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∙ Sliding-window decoding
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∙ Sliding-window decoding

∙ Successive cancellation decoding
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∙ Sliding-window decoding

∙ Successive cancellation decoding
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∙ Sliding-window decoding

∙ Successive cancellation decoding
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∙ Every corner point: different decoding orders
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∙ Every corner point: different decoding orders

∙ Every point: time sharing or more superposition layers
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Sliding-window superposition coding (Wang et al. )

∙ Every corner point: different decoding orders

∙ Every point: time sharing or more superposition layers

∙ Extension to Han–Kobayashi (Wang et al. )
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Gaussian channel performance (Park–Kim–Wang )
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System-level performance (Kim et al. )
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Cooper’s Law

Source: Arraycomm, Zander–Mähönen ()

∙ Gain over the past  years =  ∝ ηWsysNBS

é Spectral efficiency η: x 

é System bandwidthWsys : x 

é  of base stationsNBS : x  (spatial reuse of frequency)
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/



Concluding remarks

∙ Codedmodulation as superposition coding

é Simple and unifying picture

é Framework for new coded modulation schemes

∙ Open problems

é Finer analysis: Single-shot method (Verdú )
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