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Generalized Interference Alignment - Part 1:
Theoretical Framework Authors: Lianzhong Ruan, Vincent Lau, Moe Win

> Generalized interference alignment (GIA) problem considers a very general
setup comprising multiple transmitters, recievers, legitimate jammers and

eavesdroppers.
» Determine feasibility conditions for interference alignment

» Design of transreceivers (precoder and decoder matrices)
> System model: Received signal at receiver-k:

vy = U)T (Vi + Z H V) + 2
j=1,#k
»> GIA transceiver design problem: Design {Ugf), V;}’s, such that

Rn((u iR Vk)_dk, vke {1,2,... K},

Rn(V)) = d, Vje{K+1,K+2,...,K},  and (U)THOV; =0, V(k,j) € A
Feasibily constraints in GIA are nonlinear and non-convex.

» Feasibility of transceiver design problem = algebraic independence of GIA
constraints = full rankness of associated Jacobian.

> Using algebraic geometry concepts, shows that local and global optimums
have no performance gap.



Optimal Joint Detection and Estimation Based on
Decision-Dependent Bayesian Cost

Authors: Shang-Li and Xiaodong Wang, Columbia Univ.
> Joint detection and estimation problem:

Ho y ~ fo(yl6o), with 6 ~ mo(6p)
H y ~ fi(y]61), with 64 ~ 1 (64)

y are observations and 6y 1 are unknown parameters under hypothesis Hg /1.

> Goal: Decide between Hy and H4, and at the same time, also estimate the
unknown parameter 6.

» Coupling between the underlying estimation and detection problems:
> The quality of parameter estimate depends upon the correctness of
selected hypothesis

» Estimate of parameter helps in deciding between the competing
hypothesis

> Naive approaches:
» Composite hypothesis testing followed by MAP estimation.
» Neyman-Pearson formulation: Minimize the estimation cost subject to
constraint on detection performance.



Optimal Joint Detection and Estimation Based on
Decision-Dependent Bayesian Cost

> Optimal joint detection and estimation:
A Bayes estimation cost function is proposed:

Cllo,01,0) = 3~ 61,Pij(6 = )Xy (110 — Oelf® + 1185, = 05,1 =iy 16 =)
i,je{0,1}
where ¢ is the detection output.
» If prior on hypothesis is not available:
minimize C(8y, 1, 8)
09,61,6
subjectto Pp(6 =1) <o, P1(6=0)<p

> If prior on hypothesis is available:
minimize C(8y, 01, 8)
9,01,8
subject to P(Hp)Po(d = 1) + P(H1)P1(6 =0) <~

> Closed form solution for above problems is provided.

» Extension to multiple hypothesis is also discussed.



Design and Analysis of a Greedy Pursuit for
Distributed Compressed Sensing

Authors: Dennis Sundman, Saikat Chatterjee, Mikael Skoglund, KTH Sweden

> Distributed Compressed Sensing:
Estimate x; from y; in distributed manner.

y/:ij/+e] j:172,7[_

> Mixed support set model: Each x; can be decomposed as: X; = ij +z;.

>

>

x¢,x$, ..., x¢ share a common sparse support.
2; is sparse local innovation component.

> Distributed Parallel Pursuit (DIPP): Distributed Co-SAMP type algorithm with
Co-SAMP inspired fusion of common support estimates across nodes.

> Main steps in single iteration of DIPP:

>

>
>
>

Generate local support estimate by CoSamp like update
Exchange current support estimates with neighboring nodes
Apply majority rule to obtain external support estimate

Refine local support by using external support estimate, once again using
CoSamp like update

> RIP constant based stable signal recovery guarantees under measurement
noise is provided.



Analytical Derivation of the Inverse Moments of
One-Sided Correlated Gram Matrices With
Aplications

Authors: K. Elkhalil, A. Kammoun, T. Y. Al Naffouri, and M. S Alouini

> Moments of one-sided correlated gram matrices

> Let H be n x mrandom matrix with i.i.d zero-mean unit variance complex
Gaussian random entries.

> Let A be deterministic PSD matrix with distinct eigenvalues.

» Then, consider the Gram matrix S as

S = H*AH.

» The r'" moments ua(r) is defined as:

un(r) & 1El‘race (En(S") -

> Application-1: BLUE estimation error in (y = Hx + e) problem can be rewritten
in terms of inverse moments.

Enl[Roive — X|[? = Entr(H* X, H) ™" = mp__1 (—1).

noise :
noise



Analytical Derivation of the Inverse Moments of
One-Sided Correlated Gram Matrices With
Aplications

Authors: K. Elkhalil, A. Kammoun, T. Y. Al Naffouri, and M. S Alouini
> Application-2: Average estimation error in LMMSE for (y = Hx + e) problem:

]EHH)A(Immse - X||2 = EHW(Z;1 + H*Zi1 H)_1~

noise

» High SNR regime

X 2 / (_1)k —2r
IE:H{Hxlmmse_x‘l }:mzﬁuzq (_k_1)+O(O'X >
k=0

X noise
where | < p — 1 with p = min(m, n — m).

> Low SNR regime

oo
2 k _2k+2
Ex{lXimmse — X||} = mz (=1)" o + By ise (K)-
k=0



Analytical Derivation of the Inverse Moments of
One-Sided Correlated Gram Matrices With
Aplications

Authors: K. Elkhalil, A. Kammoun, T. Y. Al Naffouri, and M. S Alouini

» Application-3: Accuracy of sample covariance matrix S:

Loss = E||R'/26—1R"/2 )2
> Once again, the Loss can be written in terms of inverse moments of sample

covariance matrix S.

> Stieltjes Transform: For a Hermitian matrix A, its Stieltjes transform is given by:

ma (z)éfﬁdFA()\) _ %tr(Alem)_1.

where FA(.) is empirical spectral distribution of A.

» Main result: The r" inverse moment can be written in terms of derivative of the
Stieltjes transform.
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