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Summary

Robust Global Optimization [3]

. Global optimal resource allocation for a 3-user Gaussian MWRC with
SND, AF relaying, and rate splitting,.

- Non-convex optimization problem but only few non-convex variables
. SOA (e.g. canonical monotonic optimization): treat all variables as NC
. Resource allocation framework that exploits problem structure:

. improved performance
- numerically stable and guaranteed convergence
. feasible solution even if terminated prematurely

<— Channel

.- Numerical evaluation of rate splitting vs. “true” SND [1] vs. “traditional” SND vs. IAN

« Industry 4.0:

- Heterogeneous dense small-cell .« Wireless board-to-board

networks: communication in highly . Satellite Communications:
adaptive computing:
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Block diagram of the 3-user Gaussian MWRC with multiple unicast transmissions and amplify-and-forward relaying.

. Gaussian channels: Tx power Py < Py, noise Z;. ~ CN(0, Ni), SNR S;. = ]Is]—ﬁ < S = ]I\J]—’;.

+ Node k transmits msg My to g(k) and receives My . I(k) is interfering with transmission of M.

PR/ (X kerclhil*PetNg).

. Relay amplification: For relay Tx power Pr choose o =

Lemma (Rate Splitting [2])

A rate triple (Ry, Ro, R3) is achievable for the Gaussian MWRC with AF relaying if, for all k € IC,
Ry < By, Ry + Rq(k) < Ap + Dq(k)7
Ry < Ap + Cq(k) + Dl(k)v R + Ry < Ap + Cq(k) + Cl(k) + Dy,

and, Ry < C1 + (C + G5,
|y * SE i (SE+ SE)
with A = 10g<1 + >, By = IOg(l -+ ) 7
’Yk(S>p 7k§)5>
[y %S + By 1°Si il “(Sye + Sp) + By 1S,
Cr=log| 1+ , Dp=log( 1+ :
Vk(S) Vk(S)

3 ~—1 2 b~ 2 P
where S,‘é+5£ < Siand v (S) = 1+|hl(k)‘25110(k)+gq(k) (1 + > ierc [ Bl < (SF + 5110)) , with g = |gi| V(l)c

Lemma (Single Message)

A rate triple (Rq, Rz, R3) is achievable for the Gaussian MWRC with AF relaying if, for all k € K,

hel®S
R, < log (1 -+ |hk| Sk) or 5k(25)
- Vk(S) R + Ry < log (1 . gl ” Sg + \hz(k)\zsl(k))
k -~
(k) 5k(S)

where Si. < S, i(S) and g as above, and 0,(S) = 1 + EC;(}C) (1 + D ick byl Si)-

Problem Statement

. weRL,\{0},R>0,5>0
. R(8) achievable rate region: Non-convex in 8, linear in R
- RHS of R(S):

als

1 1+
og( bls +c

— Difference of Increasing & Concave functions

Problem (R)

) —log((a+ b)IS+¢) —log(b's+ ¢

Goal: Exploit problem structure & branch only over non-convex variables

References

Deutsche
Forschungsgemeinschaft

U

—— Message path

- gi,1=1,2,..., m: Non-convex functions

Problem (P)

max f(x)

x€|a,b]
s.t.  gi(x) <0,

. Usual approach: Solve =-relaxed problem
. This approach has numerical problems:

. Convergence in finite iterations not guaranteed
. Might give incorrect solution far away from optimum

1=1,2,...,m

Example (Numerical Problems of e-Approximate Solutions)

Consider a MAC with QoS and individual eavesdropper information leakage constraints:

min
gy D1 B(e)

s.t. log(1+ |hi|®p1 + |ho|* p2) > QO+ ¢ (QoS)
log(1+ |g1]* p1) + log(1 + |go|*p2) < L+e  (Leakage)
p1<P, p2<P

Numerical example:

Il = 10, |gy? = L, |gal? = 1, Q = log(61), L = log(5.99)
. True optimal solution: p* = (4.00665, 1.99335)
. c-approximate solution p(¢): 08 s
. g1 =107 pleg) = (0.995843, 5) b
. £9=10"% p(e2) = (4.00541,1.99417)

P2
Leakage

Feasible Set

Solution: e-essential feasibility

A solution of (P) is said to be essential (¢, n)-optimal if it satisfies
f(x") +n = sup{f(x)|x € [a, b], Vi : gi(x) < —¢},

. €,n — 0: essential (¢, n)-optimal solution is a
nonisolated feasible point which is optimal

for some 1 > 0.

Successive Incumbent Transcending (SIT):
. Initialize v < f(x) Vx € F.
. Find nonisolated feasible solution x satisfying

f(x) > ~v of (P) or establish that no such
ce-essential feasible x exists and terminate.

. Update x + x and v < f(x) + 7. Repeat.
. Terminate: X is an essential (¢, n)-optimal
solution; else (P) is e-essential infeasible.

. SIT: Sequence of feasibility problems

min  max gi(x) s.t. f(x)>7 (Qy)
x€la,b] =1,....m
- Ve>0: min(Qy) > —¢ = max(P:) <~
. Efficient solution with Branch-and-Bound if
f(x) is concave

Application to Resource Allocation Problems

Problem (R) Dual Problem (Q)

max, f(x,€) Jmin,max (g7 (x,€) — g7 (x))

\S‘t' gf(x,ﬁ)—gi_(x)go, i:1,...,m‘ | s. t. f(xf)zv

- Non-convex variables x, convex variables &; —f, g;r convex; g; convex & decreasing
. Dual Problem has convex feasible set — no isolated feasible points!
. Core Problem: Compute lower bound for (Q) over box M = |p, q/:

min, max (g(x8) - g (1) st flx€) 27 xc N

— Convex optimization problem

Rate Splitting:
. Naive implementation: £ = R, x = § — 6 non-convex variables
- Non-convexity due to negative log(vx(S)) terms: substitute y = > ;- |y | St — 4 NC vars

T
max w R
RSy LIS, y) =) log(fi(S) +j(SF. y))
s. t. aiTR—L?(S,y)JrLi_(Sp,y) <0, i=1,2,... JET;
Y= D i | P Sk L; (SP,y) = > log(yj(SF.y))
Sli+5£§‘§kvk€ICa R>R, S$>0 JELi

Single Message:

+ Rate region: R = [reic(Ri1aN U Risnp) = Uge ian snpy ikl Nkek Riay
. Optimization problem: suprU_Dif(x) = max; supy¢p, f(x) — Solve 8 individual problems

Numerical Evaluation

.- SND dominates “traditional” SND and IAN: 10| =RS |
Gain solely due to per user decoder selection |[-SND
(10dB: 18 % / 0.48 bpcu & 12 % / 0.32 bpcu) S = “traditional” SND
. . & 7.5[|=IAN
. Average gain of Rate Splitting small =,
(0.2bpcu @ 25 dB) *g_
. For some channels: Up to 0.5 bpcu @ 10 dB < 2|
:
Future work: = 2.5
- Energy efficiency
: i 0 * * * *
Improve bou.mdl.ng | 0 = 10 15 20 e
— Journal version in the making
SNR [dB]

MWRC with AF relaying. Averaged over 800 i.i.d. channel realizations.
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