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% Insthie c . Dependence Balance Bounds for Gaussian Networks with

LAY Systems Feedback and Cooperation
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Multiple Access Channel with Generalized Feedback Dependence Balance Bounds for MAC-NF and MAC-UC

v v Ri (X0 Y. Y%, Ta) * No cardinality bounds on T1, T2.
i - : « Gaussian MAC with noisy feedback. Re < (Xa: Y, Y, X, Th) . .
7 ) Ri+ R < 10X Xa Y. Yoy, Yo To, T2) -hMod:fy tI:je IDB bound depending on
Pl el za) | lﬂ-' VX7 Ri+ R < 10X X0 ¥) channel model.
Ye, =Y + 4 for some p(t1. &2, x1, x2) such that  Resulting bounds for NF, UC with one
n—?_, v Yo, =Y +2Z; Pt t2, X1, %2, ¥, ¥R YR ) = Pt 2, )Py, vy Y . ) auxiliary random variable T.
2 = and such that . .
| . : . 10X X% Ty, Ta) < 1% 36| Vi, Ve, T2, T: + Cardinality of T can be bounded.
+ Gaussian MAC with user cooperation. (%: 26|11, T2) £ (% Xl Ve, Yoy, T, T2)
Drawback of the cut-set bound Y = VX, + VooXe + Z Outline of Proof
* MAC with noisy feedback. Ye = VhaXe + 4
« CS not sensitive to feedback noise. Yo = v+ 2 0 < I(Wi: Wa| YR, YE) Main steps in the proof:
. . = I{Wh; Wa|YE . YE) — I(Wh: Wa) * Seemingly trivial inequality 0 < /(Wi Wa|YE . Y,L’?).
* MAC with user cooperation. : » Symmetry of (A; B; C) = I(A; B) — I(A; B|C).
Need new outer bounds - » Encoding functions: Xy; = fi;(Wi. YA ). Xg = fi(Wa. Y1)
» CS sensitive to cooperation noise. " . P . v . i P LA LG e R L DR 1 -
sensitive to feedback noise < (X0 Xe| Yoy Yoy Ta T2) = (X0 Xa| Th T2))

» Conditioning reduces entropy.
» Not sensitive enough.

Evaluation of DB Bounds for Gaussian Channels [llustration of Bounds and Limiting Cases

* Need to consider joint densities p(x1,x2,t) satisfying DB.
e Claim: Jointly Gaussian densities satisfying DB suffice.

« Approach: Partition the set of densities in 5 sets. P ,,.:-'7-""-'"' N
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« Main Step : To show that for every NG density satisfying J/ Pre” pouy
DB, there is a Gaussian density satisfying DB and yielding -
larger rates. oz
E T)(J':}fi
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Proof of main step for noisy feedback Pz

\ 4 —P—o = 2 g2 o N S R — g = — 3.k =
*= Use of a multivariate generalization of Costa's EPI [Payare, Palomar, ISIT \\ //’ ! P =07 1 and T8 =% 2.5.10. P Pr=0oz Tz =92, Land ho = hoo = 1.hna = 3, ha = 2.
2008). . ,/

= Use of properties of 3 » 3 covariance matrices,

) . Noisy Feedback User Cooperation
Proof of main step for user cooperation
* ldentifying a conditionally independent structure among (T, X1. X2).

. . . “ut-set bound is insensitive to the feedback nois jances o3, , o3
* Use of a result on Gaussian MAC with conferencing encoders [Bross, Cut-set bound is insensitive to the feedback noise variances o7, . 07,

Cut-set bound is sensitive to cooperation noise variances nf,‘ .n;z,__l.
Lapidoth, Wigger, ISIT 2008]. DERAC is sensitive to feedback noise variances o3, 0%, DBYEC is more sensitive to feedback noise variances o3, 0%,
= As -v:',J '"3‘?! —0, Pﬁlf'.";f — ('S (Ozarow's capacity result) = As ﬂ%} _4!32 — 0, 'ﬂh‘t’.’éc — (8 (Degenerates to the total cooperation line)
> Asal "z:'_- — ¢, DB — Cpo- Feedback (A new capacity result). = As ";ﬂl' 03— o0, DBYAC — Cio cooperation [A new capacity result).
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