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Summary
• What we propose:

– A channel-aware semi-unitary precoder that minimizes OBR over B.
– The spectral front-end is obtained from the eigenvectors associated with

the smallest eigenvalues of the OBR matrix Φ.
– Right-unitary invariance embeds CSIT without changing the transmit

PSD/OBR.
– SVD- and GMD-based rotations enable low-complexity ZF and SIC re-

ceivers, respectively.
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Fig.1 Proposed Channel-Aware Spectral Precoding Chain.

• Spectral precoding:
– Map D ≤ K symbols d ∈ AD onto the K active tones: x = Gd ∈ CK

– G ∈ CK×D: with redundancy R = K − D, coding rate λ = D/K ≤ 1.
• PSD structure:

– Under E[dmdH
m−ℓ] = δ[ℓ]ID, the continuous-time PSD has the form [1]:

Ps(f) ∝ ϕH(f) GGH ϕ(f).

– ϕ(f) ∈ CK : stacks the spectral shapes of the active subcarriers.
– PSD depends on G through GGH (invariant to right-unitary rotations).

• Channel:
– Under standard CP-OFDM, the post-FFT channel is diagonal:

H = diag {Hc[k1], . . . , Hc[kK ]} ∈ CK×K .

– Hc[k]: N -point DFT sample of the channel impulse response at k.
• Received signal:

– The received vector (after CP removal and N -point FFT):

r = HGd + n, n ∼ CN (0, σ2IK).

Proposed Precoder Design
• ZF without CSIT (baseline):

– Transmit: x = G⋆d ⇒ r = HG⋆d + n.
– ZF detection: d̂ = DEC

{
GH

⋆H−1r
}

, w ∼ CN
(
0, σ2GH

⋆(HHH)−1G⋆

)
.

• ZF with CSIT:
– Apply SVD: HG⋆ = UcΓcVH

c, Γc = diag {γ1, . . . , γD}.
– Transmit: x = G⋆Vcd ⇒ r = UcΓcd + n.
– ZF detection: d̂ = DEC

{
Γ−1

c UH
cr

}
, wc ∼ CN

(
0, σ2Γ−2

c

)
.

• SIC with CSIT:
– Apply GMD: HG⋆ = γQcRcPH

c, γ =
(∏D

i=1 γi

)1/D

, where Rc is unit
upper triangular and Qc, Pc (semi)-unitary.

– Transmit: x = G⋆Pcd.
– After projection: r̃ ≜ γ−1QH

cr = Rcd+w̃c, where w̃c ∼ CN
(

0, σ2

γ2 ID

)
.

– Backward SIC:

d̂D = DEC{r̃D}, d̂τ = DEC{r̃τ −
∑
ν>τ

ρτν d̂ν}, τ = D − 1, . . . , 1.

Numerical Results
• Simulation setup:

– Waveform & channel: CP-OFDM, rect. pulse, ideal LP DAC; N = 256,
lg = 32, K = 129 contiguous tones; flat W (f) on B; block-fading exp.
PDP factor δ = 0.1,

∑
k∈K |Hc[k]|2 =K, 16-QAM modulation.

• Sidelobe suppression:
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Fig. 2: PSDs of proposed and PSP-OFDM [2] precoders (δ = 0.10); with R = 6
(left), and R = 10 (right).

• Error rate:
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Fig. 3: SER performance of proposed and PSP-OFDM [2] precoders (ZF and
SIC), with δ = 0.10 and R = 6.

Optimization Framework
• Problem statement:

– Define the weighted transmit power over the protected band B

PW ≜
∫ ∞

−∞
W (f)Ps(f)df = Tr(GHΦG) , Φ ⪰ 0.

– Φ ∈ CK×K captures leakage weighted by W (f) ≥ 0 in B.
– To avoid the trivial solution G = 0, enforce a semi-unitary constraint:

minG Tr(GHΦG) s.t. GHG = ID

• Closed-form solution:
– Consider the eigendecomposition

Φ = Zdiag {ν1, . . . , νK} ZH, ν1 ≥ ν2 ≥ · · · ≥ νK ≥ 0

where Z = [z1, . . . , zK ] is unitary.
– One optimal semi-unitary precoder is

G⋆ = [ zK−D+1, zK−D+2, . . . , zK ]

– Hence, G⋆ spans the eigenspace associated with the D smallest eigen-
values of Φ.

– G⋆ is unique up to a right-unitary rotation: G⋆V is spectrally equivalent,
V ∈ CD×D is free for CSIT, at zero spectral cost.
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