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Abstract—In this paper, we analyze the performance of su-
perposition coding for Gaussian broadcast channels with finite
blocklength. To this end, we adapt two different achievability
bounds, the dependence testing and the 5 bounds introduced by
Polyanskiy et al. in 2010 to the broadcast setting. The distinction
between these bounds lies in fixing either the input or the output
distributions of the channel. For the first case of the dependence
testing bound, an upper bound on the average error probability
of the system is derived whereas for the latter, lower bounds on
the maximal code sizes of each user are presented.'

I. INTRODUCTION

It is well known that, superposition coding is optimum for
degraded Gaussian broadcast channels (BC) in the asymptotic
regime which is guaranteed by the vanishing error probability
as the blocklength is allowed to grow boundlessly [1], [2].
In general, classical information theory studies and analyzes
fundamental limits of communication systems subject to inter-
ference and channel noise using coding schemes that require
asymptotically large blocklengths. In this case, the channel
coding rate is obtained through the expectation of the mutual
information random variable or the information density (to be
defined later) based on the input distribution. The information
density is a theoretic notion, some measure, of the channel
depending on the input signal and the channel noise.

There is a practical requirement for coding with finite
blocklength to which the classical information theory results
are no longer applicable. The loss in the channel capacity due
to coding with finite blocklength is explained with a second
order statistic of the information density, namely the channel
dispersion term denoted V for a single user channel. In [3],
the author has shown that, the following equality holds for the
single-user discrete-memoryless channels

log M*(n,e) = nC — Q1 (e)VnV + O(logn) (1)

where n, ¢, M and C denote the blocklength, the error
probability, the maximum code size and the channel capacity,
respectively. In [4], the above result is generalized to various
point-to-point channel models including the AWGN channel
where the channel dispersion term is defined as a function of
the signal-to-noise ratio.

In [5], the authors extended the use of the channel dispersion
term to multi-user channels and studied three network infor-
mation problems as the Slepian—Wolf problem, the multiple-
access (MAC) and asymmetric broadcast (ABC) for discrete
channels only. In the multiuser settings of [5] the scalar dis-
persion term V, is shown to be a positive semi-definite matrix
and inner bounds for the (n, €)-capacity regions of the discrete
memoryless MAC and ABC are presented. In [6], maximum
achievable rate regions are presented for the Gaussian MAC.
The result of [6] depends only on the first and second order
statistic of the relevant mutual information random variables
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represented by a scalar distribution where the authors firstly
present the multi-access adaptation of the dependence testing
bound by Polyanskiy et al. which constitutes the inspiration
of the results presented in the first part of this paper.

In this paper, we consider a two-receiver degraded Gaussian
broadcast channel (BC) in the setting of superposition coding
with finite blocklength and we adapt the so-called dependence
testing (DT) bound to the broadcast setting through random
coding and threshold decoding to provide an upper bound on
the average error probability of the system. To this end, we
derive the channel dispersion terms for each error event that is
defined through the information density functions based on
the asymptotic capacity region. The overall bound consists
of three different error events as the mis-detection, confusion
and the input signals being confined to a pre-defined set. We
derive the probability distributions of the channel dispersion
terms for the mis-detection and confusion errors along with
the corresponding parameters in order to derive the error
probabilities. In addition, k(3 achievability bounds based on a
binary hypothesis test to choose between two possible output
distributions are derived on the maximal code sizes of both
users. Section II describes the channel model for the addressed
problem that is followed by the broadcast adaptation of the
DT bound in section III. Lastly, in Section IV we give a short
reminder of the original 8 bound in an AWGN P2P channel
which is followed by its generalization to a degraded Gaussian
BC in the setting of superposition coding.

II. SYSTEM MODEL

We consider the following real-valued channel model

Yji=Xi+Zji 2
for j = 1,2 and ¢+ = 1,--- ,n where X; corresponds to the
encoded messages that are my € [1,2,---,M;] and mg €
[1,2,---, My], respectively subject to the channel noise terms

Z1; ~ N(0,N7) and Zo; ~ N(0,Nz) and the following
channel transition probability density

Iy} —=")2

Pyajn (ya™) = (2eN) %7 7. (3)

User j decodes message m; using the observation Y. We
assume that the channel of user 2, the weaker user, has the
larger of the two noise variances, i.e. No > Nj. For the
achievable schemes considered here, the stronger user decodes
the message my prior to decoding its own message. We define
the average error probability based on either user to be in error

EiPI'[T?H;éml U Thg?émg] (4)
which is further bounded by the union bound as follows

€< €+ € )



where €; = Pr[m; # m;] with /; being the estimated m;
on the corresponding user. The error probability in decoding
message 1 is expanded as

el = Pr [{ﬁzg 4 mQ}} Pr [{ml # m )| # mz}]

+Pr [{ﬁw = mz}} Pr {{ml # ma}|{rg = mQ}}

(a)
< €11+ €2

(6)

where 75 denotes the estimate of message 2 on user 1. In
step (a),we denote €17 = Pr {{ml * m1}|{ﬁ12 = mg}} and

€91 = Prd[{ﬁzg #* MQ}}. This expansion is based on succes-
sive decoding.

We consider two different cases for this channel model
depending on the bounding technique either fixing the input
distribution as in the case of DT bound or with fixed output
distribution as the k3 bound. These two cases are studied in
the following subsections starting with the DT bound.

A. Random codebooks

This subsection presents the detailed model considered
for the broadcast adaptation of the DT bound on the error
probability. Here we have an input and two outputs with the
n-letter channel model given as in (2) where

X" = X7+ XJ )

with X7 ~ N(0,P;1,) for P, = P and P, = aP for
a€(0,1])and a=1—a.

The decoding rule is set for the threshold decoding as
iz y") >y ®)

where « is some threshold and the information density or the

mutual information random variable denoted i(.;.) is defined

as

dPYn ‘Xn (yn ‘l‘n)
dPyn (y™)

Here P(.|.) and P(.) respectively denote conditional and
marginal distributions.

Definition IL.1. An (n, M, Ms, e, P) code is composed of
the messages my € [1,2,--- | My] and mg € [1,2,--- , M>)]
encoded into n i.i.d. sequences X1 and Xo that are chosen
randomly according to N(0,aP) and N(0,aP), respectively
with the following average power constraints

i(z";y") = log )

1 & M
2 2 _
M;Ellmll < naP, E;EH@"%H <naP (10)

and the average probability of error defined by (4).
B. Peak power

For the broadcast adaptation of the x3 bound [4], we assume
codebooks constructed as in (7) subject to the power constraint
defined as

n

[ (ma, ma)||* = Z |z1,i(m1, m2) + $2,i(m2)|2 <nP,

i=1

(1)
Vm1, mo where we assume equal power per codeword for the
cloud center X5 ,;(mg) for i = 1,--- ,n, mg = 1,---, My
and my =1,---, M s.t.
Z |x2,i(m2)|2 = TLPQ, Vmg. (12)
i=1

For X1 ;(m1,ms2), we have

1 = [lz1 (ma, ma)[|* + l|lz2(ma)|]?

+ 2(z1(m1, ma), w2(m2))

@ nPi(my,mg) +nPs + 2np(my, ms)

<nP

2" (m1, ma)

Pi(my,ma) Py
(13)

with p(mq,mz) € [—1,1] through the following definition

ini(mlamQ) = nPi(m1,mz2), ¥mi,ma.
i=1

(14)

If we choose X7'(mq,m2) in the null space of XJ(ms) for
each mqy then we can assign a constant power Pj(mq,my) =
P — P5. Note that this is not orthogonal multiplexing but the
effective dimensionality of the codebook X7 (mq,msg) is n —
1 for each msy. This model is considered for the x5 bound
covered in Section IV. The feasible set of permissible inputs
F), is defined as

F, == {a" : ||2"||*> < nP} C R" (15)

III. DEPENDENCE TESTING BOUND —SUPERPOSITION
CODING AND THRESHOLD DECODING

The dependence testing bound on the error probability of a
P2P channel presented in [4, Theorem 20] is adapted to the
model defined in Section II-A for a two-receiver Gaussian BC.
The next theorem reminds the reader of the classical result by
[1], [2], [7] for this channel in the asymptotic regime.

Theorem III.1. The capacity region of the Gaussian BC is
given as

Ry <C <OJ€> L Ry <C (OJDO;PM) (16)
where « is a constant confined in [0,1] and & = 1 — . The
Shannon capacity C(.) is defined for a signal-to-noise ratio of
P as C(P) = 1log(1+ P).

The aim of this part is to provide a finite blocklength
adaptation of this result and to introduce an achievability bound
on the system error probability. We state our first result with the
following theorem which provides the broadcast adaptation of
[4, Theorem 20] using the mutual information functions in (16)
achieving the capacity region of Theorem IIl.1. The average
error probability defined in (4) with (6) is upper bounded based
on the decoding rule (8).

Theorem IIL2. An (n,Mi, Ms, e, P) code exists for the
channel as described in Definition I1.1 with the average error
probability satisfying
e <Pri(X3;Y3") <o) +me Pr[i(X3;Ys') > ] (A7)
+Pr[i(X™ Y [X3) <]+ Pr [i(X™ Y [X3) > ]

(18)
+ Pr[i(X3;Y]") < y2) + 2 Pr [i(X3; Y]") > 2] (19)
+ Pr[X"™ ¢ F) (20)

where }7]-" follows the same distribution as the output signal
Y" but is independent of the input X", the thresholds are set
as v; = logn; and n; = (M; —1)/2 for j = 1,2 and F
denotes the set of permissible inputs.

Proof. The capacity region of the two-receiver Gaussian BC
given by Theorem III.1 is achieved through the information
densities #(X™; Y| X%) and i(X%;Y5*) for user 1 and 2,
respectively. (X ™; Y| X¥) and i(X%;Y5") are defined using



(9). Expectation of these information densities bring out the
mutual information functions that compose the asymptotic
capacity region in Theorem III.1. Unlike the asymptotic case,
the error event for decoding message 2 using the observation of
the strong user Y| cannot be ignored with the corresponding
error probability €27 as shown by (6). Applying the threshold
decoding rule defined by (8) to these three functions, we obtain

(XD Y > e, 1)
i(X"™ Y XS) >, (22)
i(X35Y7)") > 7. (23)

Combining the dependence testing bound proposed in [4,
Theorem 20] with (21), (22) and (23) yields (17), (18) and
(19), respectively. The proposed bound consists of three types
of errors. The first case of mis-detection, which is shown by
the first terms in (17)-(19), corresponds to the information
density of a correct pair of input-output to remain below the
threshold. In the second case, the confusion error, shown by
the second terms in (17)-(19), occurs when a pair exceeds the
threshold where the output does not depend on the input signal
that was transmitted. The probabilities (17), (18) and (19) are

€y = Pr [Thj 7é mj], €11 = Pr {Thl 75 ml} {’rﬁng = mg} and

€21 = Pr {{ﬁ@g + mg}}, respectively. Lastly, due to the input
signal defined by (7), we have Pr[X"™ ¢ F] given by (20) as
the last error event of the proposed bound that represents the

probability of the channel input X" not being chosen from the
feasible set denoted F'. O

Hereafter, starting with decoding message 2 on the weaker
user, we evaluate the probabilities of each error event consid-
ered in the proposed bound in detail.

1) Decoding mo : This scheme uses successive decoding
where initially message 2 is decoded using the observation
of YJ'. This event is represented by the information density
i(X2;Y3"). The terms in the first line of Theorem III.2 are
evaluated in the following starting with the mis-detection error
event i(X75;Y5") < v2. We derive 4(XJ;Y5") as

1 1 Pynxn (Y XD
Lixg; v = L1og D UEIXE)
n n

PYQ" (}/QTL)
_lyoxa?
1 1 (271')7"/2(04]3 + NQ)*"/QG aPTNZ)
0% Ilyg 112
T (2n) 2P 4 Np)-n/2e 7PN
”/2 n2 n_ yn;2
L (B N2\ ot - e
n aP + N2

e - xR
2(0(P+N2)
(24

ap 1 el
o)+ -
(aP+N2> G <2(P+N2)

Let us denote the additional term to the Shannon capacity

C( aP

m) by wvgg. (24) is rewritten as

Li(X3:¥f) = C@P/(0P 4 No) v (9)

As for v9o, we get

(a) 1 n n n n n
var £ ~loge [A1ll X7+ X5 + 231 + fll X7 + 23]

—~

()

loge [ f1l1X3 + Z311* + 21123 ]

=3

~toge [AIXEIP + (fi + f2)l 2312 + 2£1(X5, 23)

= 3

n

n N A
1ogez [Xz,i ZQ,@} A [Xz,z‘ Z2,7‘}
im1

logez (11,5 p2,i | P2AP 1 o |*
i=1

—~

é)

(26)

S|

In step (a) we substituted f; = [2(P + No)|7%, fo =
—[2(aP+ Ny)] ™', in step (b) we defined ZJ = X7 + Z% and
in step (c), the standard Gaussian random variables p1 ;, (b2 ;
are introduced where A and P are 2 x 2 matrices given by

f1 fi
A= 27
|:,f1 .f1+f2 ) ( )
and P, = diag (\/dR vaP + \/Ng). The eigenvalues of
VaP

h i A’ = PyAP; yiel = 7
the matrix product 2AP; yield A\ 2/ (P+Ns)

A2 = —A1. Rewriting A’ through its eigen decomposition
UAUT where A is a diagonal matrix with the eigenvalues on
the diagonal elements and U is the corresponding eigenvector,
we define [fif ;, i3 ;]" which is the product U™ [y 4, pio ] "
Using A and Ao, the dispersion term wvgo yields

n

1 ~ _
vap = loge x A Z(M%z — [3.4)-
i—1

(28)

The weighted difference of chi-squares with n degrees of
freedom follows the variance-gamma distribution® with the
location parameter m and asymmetry parameter denoted by b

are both 0 and § = 6 = %. Substituting ves into (25),
the probability of mis-detection error in decoding my on user
2 yields

72 - nO (ansz)
loge

Pr [Z(in, Yé”) < ’72] =Pr vy <

29)
The confusion error event represents the case where the
information density exceeds the threshold according to the
decoding rule (8) where the channel output does not depend
on the input signal that is transmitted over the channel.
More precisely, for a codeword C}} from a given codebook
(Cy,CY, -+ ,Chy,—y) for user j, the confusion error event
represents the information density of interest to exceed the
threshold with C}* given that the input is C’ for all [ < k. In
decoding me, we have for the confusion error event

Pyp\xp=cp (Y3'| X3 = C})

1 _ 1
— (XY = —1
nl( 23 Y3") nog

Pyp(Y3)
_lyg—cpi?
11 (27-‘-)—n/2(2(ap+N2))—7z/2€ HaPTN)
T n % Iy |2
(27)~"/2(2(P + Ny)) /2™ 25

_C(@P e
~ 7 \(aP + Ny) o2

2The variance-gamma distribution with A > 0 degrees of freedom, the
real-valued location parameter m and the asymmetry parameter b, is defined
as

(30)

0P —mPA V2K (8]t —m))
VAL (X)(26)2=1/2

where K, and I' denote the modified Bessel function of the second kind and
the gamma function, respectively for real &, § = /62 — b2 > 0.

") oo <t < o0




The additional term v, is further derived as

1 n 7n n n 7n

vea = ~loge (g1l|CF + 23 |2 + g2 |Gt — €' + Z3 )

1 " - -

=1 CriC1iZ2,1)Ac[Cr.iCriZa)"
- Oge;[ ki C1iZ2,i] AclCr,iCliZa,i]
= llogei[ﬂl 2,103, P o AP ol ipra,ipra i)

n e a2 M35 ¢ ct ¢ 2434
where g1 = [2(P + No)] 7! and g2 = —[2(aP + Ny)]~! with
P = diag(\/ aP,vaP,vaP + v/ NQ)

(g1+92) —g2 (91+92)
A= —92 g2 —g2 (3D

(g1 +92) —g2 (g91+92)
and pj; ~ N(0,1) for j = 1,---,4. We remind the reader
that Z7 = X7' 4+ Z3. The non-zero eigenvalues of the

—(&PJr aP(P+N2))

2(aPTN) and

matrix product P oA P.s are A\ =

Ny — ZOPH/APEING)

PENG) . The dispersion term v, » is obtained
in the following form which constitutes a weighted sum of chi-
squared variables with n degrees of freedom, a special case of
the gamma distribution.

1 n
vep = —logey [Nt + Aeahi3, | (32)
=1

The confusion error probability for decoding ms on user 2 is

—nC (aP+N2 )

Pr [i(X7575") > 72] —

=Pr |vc2 >

3)
Let us denote the threshold functions in the right hand sides
(rh.s.) of (29) and (33) by (2. Combining (29) and (33), we
obtain the total error probability in decoding message 2 given
by (17), which in fact is eo = Pr [thg # ma].

€y = Pr [022 < CQ] + m2 Pr [’0072 > CQ] (34)

2) Decoding mq : In order to reconstruct ms, in the setting
of superposition coding, the strong user that is subject to
a channel with a smaller noise variance, firstly decodes msy
with ¢(X%;Y™). Note that in the asymptotic case, the error
probability for this event is insignificant. In a similar fashion
to ¢(X%;Yy"), we have for i(X7;Y")

1 aP
— (XY =C| ——r
nl( 25 1) <QP+N1)+U21

where vy follows a variance-gamma distribution with n

degrees of freedom, m = b = 0 and 6 = 6 = 2/%.
Substituting vy into (35), the probability of mis-detection
error in decoding mo on user 1 yields

(35)

Pr [Z(Xén, Yln) < "}/2] =Pr [1)21 < 4'21] (36)
with (51 = . As for the confusion error
probability of decoding message 2 on the stronger user, we
have

Pr[i(X5;Y]") > 72| = Prlvea1 > (a1l (37
where v 91 = %logezz;l[)\@uii + Aespis ;] for 3 ; and
ug,i being chi-squared variables with n degrees of freedom,

—(@P+ &P(P+N1)) —aP+,/aP(P+N1)
2(aP+Ny) and Acg = 2(aP+N7) - The

)\05 =

total error probability in decoding mo on the first user given
by (19) becomes

€21 = Prva; < (o1] + m2 Prive a1 > (a1 (38)

which is equivalent to ez; = Pr [77:12 # mg]. The derivation
follows the same way as in (30). Therefore it is omitted due
to space limitations.

For the stronger user to decode its intended message m;
using the observation of Y* given the information of XJ,
we derive the relevant information density to evaluate the

probability of mis-detecting m; as
Pynixn xp (Y XT, X3)
Pynxp (Y| X3)

1 1
— (XYM X)) = —1
nZ( ;Y'XS) nog

:C(QP/N1)+U11 (39)
The additional term vq; yields
1

o = ~loge [fl| X7 + 20 + £1]1 27

1 - T
=1 Xi1:721:B[X15 Z14

- Oge;[ 1i 21,4 B[ X1, Z1,4]

1
@ - 10gez (11,6 pa i) P1BP (1 pag)t  (40)

=1

for f3 = W and f4 = —ﬁ and in step (d) we define
the standard Gauss1an random variables (i1 ;, fta; With 2 x 2
matrices B and P given by

5]
f3 fa+ fa]’
and P; = vVaP, /N ) The elgenvalues of B =

PBP; are \y = l QP+N1 and \s = aPJrN . Finally
we obtain the channel dispersion term vn in the following
form

(41)

n

1 _ -
V11 = Eloge X A4 Z(IJ’%,Z - 'U’ii)

i=1

(42)

since Ay = —As and fi;;’s for [ = 1,4 are obtained through
substitution of the eigen decomposition of B’. v1; follows the
variance gamma distribution with n degrees of freedom, m =
b=0and d =0 = %.

In the evaluation of the achievability bound proposed in
Theorem II1.2 in order to derive the confusion error probability
in detecting m;, we have

1- n,yn n
51()( Y'X3) = C(aP/Ny) + vea (43)
The dispersion term wv.; is obtained in the
foom  of  llogeX ' [Aesiii; + Aafi3,]  with
aP+ aP(aP+Ny) _ —aP+ aP(aPJer)
)\03 and )\

2N, 2N,
Finally, summing up the probabilities of mis-detection and

confusion for user 1 to detect its intended message mj, we
obtain

€11 = Priviy <Gl +mPrives > Gl (44)

for €11 = 771 Tocg 1)

Given the power constraint (10), the probability of the input
being confined to the set F,, yields Pr{X" ¢ F,} = 0. In
summary, combining ey, €27 and €;; respectively given by
(34), (38) and (44), the derivation of the achievability bound

of Theorem III.2 is complete.



IV. k8 BOUND—ACHIEVABILITY

The idea behind the x5 bound is the optimality of the binary
hypothesis testing problem and the Neyman-Pearson lemma. In
this part, we adapt the x3 bound proposed in [4, Theorem 41]
to the Gaussian BC. The degraded channel can be considered
as two AWGN P2P channels since the channel between the
transmitter and the weak receiver is the cascade of the channel
from the transmitter to the strong receiver and the one from
the strong receiver to the weak receiver. The input distribution
is no longer limited to the Gaussian distribution. To apply
superposition coding and obtain the two-user equivalent of the
k3 bound, we consider the mutual information functions from
Section III.

Let Pyr denote (0,07, 1,) with 05, = P + N; for j =
1,2. Usmg the definition of (9) i(X3;Y3") under Py is given

as
n nP, loge
=_—logg? — ——= "~
an 2 OgaYz Pl +N2 2
1 n
+ B logez {(1 - O’%/Z)Siz +2/P/(P + NQ)O‘YQS»L}
i=1

(45)

where S; ~ N (0,1) for 7 = 1,--- ,n. Under the conditional
distribution Py2n| X the same function yields

n nP; loge
H,, = = log(c?
2 2 Og(UYz) P +N2 QO_Y
loge
+ o E [(1-0%,) 82 +2V/P/(P+ N2)S;| - (d6)
Yo j=1

In a similar manner, the mutual information random variable
i(X™;Y{"|XZ) under Py, becomes

nP; loge
Ny 2

1 n
+3 logez [(1 — a%ll)Sf + 2\/P1/N10'y1/5ii|
i=1

Gn, =

5 log O'YI/ —
47

where we define Y{" = Y{* — X7 with ay, = P; + N; since
P; is subtracted off the sum power P. Under the conditional
distribution Py »|x» we obtain the information density as

P
H, = glog(af,l,) + Fll QC;gze
Y/

loge Z (1=t 82 +2V/PNS]  @s)

Y/ im1

Lastly, i(X%;Y7") is respectively denoted by G,,, and H,,, un-
der Py and Pyn xy, which will not be given here explicitly.

Using Theorem 40 of [4] for the degraded Gaussian BC, we
define § functions as follows

ﬁa,k = Pr[Gnk > ’Yk]

where Pr[H,, > 7| = a for ap = 1 — ¢, as defined by
(4) and with any positive v; and & = 1,2,3. The resulting
achievability bound for the Gaussian BC is stated in the next
theorem.

(49)

Theorem IV.1. For any e, n > 1, 7, € [0,1], k = 1,2,3,
and the chosen Py, for j = 1,2 with F, as defined by (15),
the maximal code sizes denoted M ; of the j*" user in a two

receiver Gaussian degraded BC are bounded by
I£7—171(Fn, PYl")

M > (50)
! 61—61+T1,1(xaPY1")
M2* Zmax{ HTQ,Q(F'I'L7PY2") ’ KT3,3(F7L7PY2") }
B1—eatra,2(%, Pyp)’ Bicyirs 3(z, Pyy)

(51

where )

o DP1,e\T
HTk,k(Fn7 PY]’) - PO,k |:p07k(7") > ¢k] (52)
with 1, satisfying P {g;’;g:g > wk} = Tk
The  probability  distributions  po(r) and  p1p(r)
are defined as po(r) = 71“@/21)“;"/2 pn/2=1gr/we
and 1, k( ) e(r+vk)/2( r )n/4 1/2] n/2— 1( /71)]@7“)
with the modified Bessel functlon of the first kind

Iy(y) =

(y/2)b > o % and the following parameters

for k =1, wi = 2(Ny + P1) and vy = %2, for k = 2,
wy = 2(Ny + P) and vy = PILJI:JZVZ whereas for k = 3,
wg = 2(N1 + P) with vz = PILJ}:IQ\/l'

Proof. Detailed proofs of the general case for a P2P-AWGN
channel can be found in the original paper [4, Theorems 25,
40 and 42]. B1—e;, 41,k (2, Pyn) for a = 1 — €, + 75, given by
(49) is derived using the functions (45)-(48). As for evaluating
Kz, k'S the following definitions on the distribution of the
output signals Py j and the distribution of the output given
the input P j, are set using superposition coding as follows

n n 2
Poa~ > (PL+N)SE, Py~ (\/ P+ lei)
i=1 i=1

Pyo~ Z(P-FNz)S?, Pia~ Z (\/FQ—F V(P +N2)Si)2
P03NZP+N1SZ,P13NZ(\/P72+V(P1+N1)SZ_)2
i=1 i=1

O

3
,_.

V. DISCUSSION

We introduced the dependence testing and the x — 8 bounds
for the two-receiver Gaussian BC. Both types of bounds can
be easily extended to scenarios with k-users for k > 2. It is
clear that unlike the well-known optimality of superposition
coding for Gaussian BC, k user adaptation of the proposed
bounds in Theorems III.2 and IV.1 would perform poorly due
to the additional error event using the successive cancellation.
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