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Abstract— We study the compound multi-input multi-output In this paper, we study achievable secrecy degree of freedom

(MIMO) broadcast channel with confidential messages (BCC), (s.d.o.f.) regions of the MIMO-BCC, which characterize the
where one transmitter sends a common message 1o two receiser hanayior of an achievable secrecy rate region in the high
and two confidential messages respectively to each receiva@he . . - .
channel state may take one of a finite set of states, and thes'gnal'to'no'se (SNR) reg'_me' We anSIder two c_ompound
transmitter knows the state set but does not know the realizion ~MIMO-BCC models. The first model is the Gaussian com-
of the state. We study achievable rates with perfect secrecyn  pound MIMO-BCC, in which the channel remains in the same
:jhe highfoNRdregirFedbyf )chara_\cte;izirlg an adChliEV{ahNeGse?feCy state during the entire transmission. We assume that each
egree oOr rreedom (s.d.o.1.) region 1or two moaels, the Gagmn H H H H H H
Mlgl\/lO-BCC and the ergodic ?ading multi-input single-output terminal is equipped with multiple antennas and thetran_eml .
(MISO)-BCC without a common message. We show that by sends one common message as well as two c_onflden'ual
exploiting an additional temporal dimension due to state veation =~ Messages to two receivers. We propose a beamforming scheme
in the ergodic fading model, the achievable s.d.o.f. regionan be to obtain an achievable s.d.o.f., and characterize the dmpa
significantly improved compared to the Gaussian model with a of the number of antennas and the number of channel states
constant state, although at the price of a larger delay. on this region. We show that with/ transmit antennasyy
receive antennas anfl, states fork = 1,2, a positive s.d.o.f.
is ensured to both receivers only if the number of transmit
In most practical scenarios, perfect channel state infermentennas is sufficiently large, i.8/ > max(J; Ny, JoNa).
tion at transmitter (CSIT) may not be available due to time- The second model we study is the ergodic fading compound
varying nature of wireless channels (in particular for fastulti-input single-output (MISO)-BCC, where the channel
fading channels) and limited resources for channel estimat remains in one state for a block duration and then changes
However, many wireless applications must guarantee secindependently from one block to another. We model the
and reliable communication in the presence of the chanmdlannel state at each block as a set of random variables uni-
uncertainty. In this paper, we consider such a scenario formly distributed over a finite set. Applying the varialkgte
the context of the multi-input multi-output (MIMO) broadsta transmission strategy proposed for the ergodic fadingtayire
channel, in which a transmitter equipped with multi-an&sn channel with partial CSIT [3], we characterize an achiesabl
wishes to send one common message to two receivers ardio.f. region. It is shown that time variation of the chalnn
two confidential messages respectively to the two receivef@hich introduces an additional temporal dimension) eesbl
The channel uncertainty at the transmitter is modeled agtaaimprove the s.d.o.f. region compared to the Gaussian mode
compound channel, i.e., the channel to two receivers may takith constant channel state, although the second modekappl
one state from a finite set of states. The transmitter knowaly to delay-tolerant applications.
the state set, but does not know the realization of the channeWe note that the compound MIMO-BCC yields a number of
state. The transmitter needs to send all messages relidilly wpreviously studied models as special cases. For the speasial
keeping each confidential message perfectly secret from tifeperfect CSIT, the secrecy capacity region of the two-user
non-intended receiver, no matter which channel state sccuMISO-BCC has been recently characterized in [2]. A more
We note that the compound MIMO broadcast channel withleneral two-user MIMO-BCC is considered in [4], where the
confidential messages (BCC) is not yet fully understoodecrecy capacity region of the MIMO-BCC with one common
This can be expected from two special cases studied in fhpssage and one confidential message is characterized. For
and [2]. One the one hand, it is well known that withouthe frequency-selective BCC modeled as a special Toeplitz
secrecy constraints the capacity region of the MIMO-BC undstructure of the MIMO-BCC, the s.d.o.f. region is analyzed
general CSIT is unknown. Moreover, even the d.o.f. regian [5]. All above studies do not address the compound nature
of the compound MIMO-BC is not fully known despite theof the channel. For the special case of only one confidential
recent progress [1]. On the other hand, although the secreagssage, the capacity of the degraded MIMO compound
capacity region of the two-user MISO-BCC has recently beaviretap channel is characterized and an achievable s.d.o.f
characterized [2], the secrecy capacity of a general MIM@f the MIMO compound wiretap channel is derived in [6].
BCC remains open. The s.d.o.f. of the compound wiretap parallel channels is
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considered in [7], [8]. B. Secrecy Degree of Freedom Region
The paper is organized as follows. In Sectios Il " An achievable secrecy rate region for the discrete memory-
we study the Gaussian MIMO-BCC and the ergodic fadingss proadcast channel with one common and two confidential
MISO-BCC, respectively. SectidnJV concludes the paper. essages was given in [9]. We can extend this result to the
In this paper, we adopt the following notations. We le{,esnonding compound channel studied in this paper and

2]+ = max{0,z} and C(x) = log(l + x). We usex" 10 ,hain an achievable secrecy rate region given by
denote the sequendg;, ..., x,), and useu, v, w,x,y to de-

note the realization of the random variablés/, W, X, Y. We 0< Ry <minI(U;Ys;) 3)
use|A|, A" tr(A) to denote the determinant, the hermitian wi _ _
transpose, and the trace of a matAx respectively. O<hh< I?}ln[l(vl’ Y1,4U) = 1(V1; Y2, V2|U))]

Il. GAUSSIAN COMPOUNDMIMO-BCC 0< Ry < I?iln[I(Vz;Yz,le) — I(Va; Y15, V1|U)]
A. Model and Definitions 7

We consider the MIMO-BCC, where the transmitter sen(:?sV
the confidential messagég; , 15 to receivers 1 and 2 as well U— WV, Vo) =X — (Y1,;,Y2,),V5, L (4)
as a common messagd®, to both receivers. The transmitter,
and receivers 1 and 2 are equipped with N;, N, antennas, : ;
respectively. The transmitter knows a discrete set of péssi theorem on an ach!evable s.d.o.f.-reg|on..
channel states, and each receiver has perfect CSI. Theahannheorem 1:Consider the Gaussian compound MIMO-BCC

output of receive: in statej at each channel use is given by/ith A/ transmit antennasy), receive antennas anig channel
states at receiver for k = 1,2. If J1N; < M and N, <

Yej = Hpx+uv, j=1....Jy, k=12 1) M, an achievable s.d.o.f. region is a union(ef, 1, r2) that
where J,, denotes the number of possible channel states %#tisfies
receiverk, Hj, € C™**M is the channel matrix of user in
state j, ui ~ Ne(0,I) is an additive white Gaussian noise

er all possible joint distributions @/, V1, V5, X) satisfying

Based on the preceding region, we obtain the following

T1 S min(Nl,M — J2N2)

(AWGN) and is independent and identically distributed di) rz < min(Np, M — JiN1)
over k and j, and the covarianc8, of the input vectorx ro+711 < N
satisfies the power constraint$r,) < P. For the channel ro + 1o < Ny (5)

matrices, we have the following assumption.

Assumption 2.1Any M rows taken from the matrices Proof: (Outline) We apply a simple linear beamforming

H! H* HI H’2 has rankiM strategy to provide an achievable s.d.o.f. region. We firsv@
1r > 1> 29 2 .
Definition 1: A (2"F0, 27R: 2Rz 1) plock code for the @ Useful Iemma. .

Gaussian compound MIMO-BCC consists of following: Lemma 1:For 0 < r < min(N, M — JoN) a?kd
. Three message setsW; = {1,...,2"%} and W, is 0 = 72 < min(Nop, M — Ji\,), there existvy, ..., vj

uniformly distributed oveMV; for i — 0, 1, 2. for k :11,2, 7Aeach with dimensionV/ that form a matrix
---v,*], such that

« A stochastic encoder that maps a message Xt = Vi
(wo,whwg) S (Wo,wl,WQ) into a chewordx". H'zin’ —0 for k' £k, j=1,...,Jp (6)
« Two decoders : decodérmaps a received sequengg;

into (wék’j),lﬁk(j)) € (Wo, Wy) for j = 1,...,Jy and and rankH, V) = 7y, fory_' = 1,_...,Jk. o
E—=1.2. The proof of Lemm&]l is omitted due to space limitations.

A rate tuple( Ry, R1, R2) is achievablef for any ¢ > 0, there Based .onV1 and V; given in Lemmﬂ, for the giveft <
exists a(2nFo onfi onkz ) plock code such that the averagdt < min(Ni, M —.J;N3) and0 < ry < min(Ng, M —J1Ny),

error probability of receivers 1 and 2 at stdjel) satisfy we letv},..., v be orthnormal vectors in the null space of
() () [V1,V3], where K = M — ranKV;Vs]. Hence, if we let
Pe,l,j < € Pe,2,l §€7 VQ = [V%,...,Vé(], theanI[Vl,Vg] = 0.
and We form the transmit vector at each channel use by Gaussian
nRy — H(WA|YJY) < ne, nRy— HWolY) <ne  (2) superposition coding

foranyj = 1,...,J1,1 = 1,...,J,. Note that [R) requires x = Vouo + Viu; + Vouy @)

perfect secrecy for the confidential messages at the NQfhiereu,u;, u, are mutually independent with i.i.d. entries

intended receiver. ug; ~ Ne(0,px;) for any k,i with u; denoting thei-th
We further define the degree of freedom (d.o.f.) of thgiement ofu,.

common message and the secrecy degree of freedom of thg,,, [@), the received signals are given by
confidential messages as A .
Ro(P) R (P) yi =H{(Vouo + Viw) +nj, j=1,....,71 (8)
l l
2 2

mk = dm log(P)’ k=12 yh =H5(Voug + Voug) +mh, I=1,....0a (9

=1
"o Pgnoo 10g(P)7



By letting U = Voug, Vx = U + Viug, X = Vi + Va, we IIl. ERGODIC FADING COMPOUND MISO-BCC

obtain A. Model and Definitions
(U:Ye,) = |I + Hj (Vodiagpo) V{' + delag(pk)Vk )H."| We consider the MISO-BCC, where the transmitter with
’ T+ HJdelag(pk)VHHJ | antennas sends the confidential messafjedl, respectively
(10) to two receivers, each equipped with single antenna. We
I(Vi; Yi;|U) = log [T + HVdiagps) VI HL | (11) consider the ergodic block fading model, in which the channe

remains in one state for a block @fchannel uses and changes
In order to find the s.d.o.f., we consider equal power aliocat to another channel state independently from one block to
over all beamforming directions. we first notice that thejpg another. We assume that the fading process is stationary and
factor oflog |I + PA] is determined by rar(ld) as P — oo.  ergodic over time. Hence, the channel state at bloiskgiven

From Lemmdll, we obtain by the set of random variablés!, [t], A2 [t], H[t]) € A, where
_ - _ A= {1,..., i} x {1,...,J2} x {1,...,N} denotes the
rankH]V, VI H!" ) = rankH| V) = 1, space of fading states and each random variable is uniformly

distributed over its set. Under non-perfect CSIT, the tnaitter
is assumed to knowH[t] and J;J» possible states at block
We then obtain t but not the realization of4,[t] and A,[t], and receiverk
is assumed to know botl/[t] and A[t]. At each blockt,
ro = rank(H{(VOVé’ +V1V{I)H{H) —rank(H{VNfIH{H) the channel of usek is expressed b two random vectors

rankH, Vo VEHST) = 1.

=N —r h?k[t][ H[t]], for which we denoteh [ ] for the notational
simplicity. Finally, we assume that for eathany M vectors
and similarly,ro = Na — 75, which concludes the proof.m taken from{h}[t],..., h{*[t], hi[t],...,h3?[t]} has rankM.
By using the beamforming scheme similar to that for For each channel use at blo¢kthe ergodic fading com-
Theoren{]L, we obtain the following corollaries. pound MISO-BCC is expressed by

Corollary 2.1: For the Gaussian compound MIMO-BCC SoH
with J; N; < M and.JoN, > M, an achievable s.d.o.f. reglonyk[ | = by (6] x[t] + vit], wp. P(AK[t] = jIH[t]) = 52, ¥)
includes(ro, 1, 72) that satisfies: =0, r2 <min(N2, M — for = 1,2 andt = 1,...,m, where w.p. denotes with
JiN1), andr < min(Ny, N2 —72). probability, . [t] ~ Ne(0,1) is an AWGN and i.i.d. ovet, t,
Corollary 2.2: For the Gaussian compound MIMO-BCCayn( the input covariancs,[t] of x[t] satisfies the long-term
with J1 Ny > M andJ; N2 > M, an achievable s.d.o.f. regionpower constraintL "7 tr(S,[t]) < P. We letn = mT
includes(ro, 0,0) with ro satisfyingro < min(M, N1, Na).  denote the total number of symbols over blocks. The

To gain insight into these results, we consider some spediffinition for the s.d.o.f. is the same as that in Sedfionlll-A
cases. For the case of perfect CSIIf & J; = 1), the optimal

strategy in the high SNR regime is to transmit the confidéntiB- Variable-Rate Transmission
messagé: in the null space of the channel matrix of the other We first note that asn — oo, T — oo, the ergodic
k. This yields the s.d.o.fr; < min(Ny, M — Nz),72 < achievable secrecy rate region is given by the union of all
min(Nz, M —Ny) for M > max(Ny, N2). Clearly, the s.d.o.f. (R, R,) such that [2],
of user k corresponds to the s.d.o.f. of the MIMO wiretap
channel [10] where the transmitter sends one confidential 0 < Ry <E[I(Vi;Y1)] — E[I(V1; Y, V2)]
message to receivel in the presence of an eavesdropper 0 < Ry <E[I(Va;Y2)] — E[I(Va; Y1, 11)] (12)
(userk’ # k). In addition, Theoreni]1 states that.fi =
Jo = 1 and the total number of receive antennas is large, H\t{u
N7 + Ny, > M, we can achieve the sum d.o¥/. This is
certainly optimal since the MIMO-BC achieves the sum d.o.f. (1, Va) = X — (Y1, Y2). (13)
of min(M, N1 + N3) = M.

For the case with a single receive antenna at each receiVefan be seen that the ergodic secrecy rate of ksean be
i.e.,N; = N, = 1, and without common message, i#.= 0, expressed by
we haver; < min(1,M — J5) andry < min(1, M — Jy). . _ . _ .
This result can be( comparec)i to the d.o.f. cgf the com)poun p < B (Vi Ya)] = B[I(Vi; Vi )] = E[I (Vs Yie [Vie )] (14)
MIMO-BC [1]. A positive s.d.o.f. tuple(1,1) is achievable where the first two terms can be interpreted as the ergodic
if J1 < M andJy < M. If the channel uncertainty of oneMarton broadcast rate without secrecy constraint, andase |
user increases, for examplé; = M, the s.d.o.f. of user 1 termE[I(Vy; Yy |Vir)] represents the information accumulated
collapses. Moreover, the s.d.o.f. of both users becomes zat the non-intended receivéf.
if J1 > M,Jo > M. We remark that secrecy constraints We next adapt the variable-rate transmission proposed in
significantly reduce d.o.f. and sometimes may yield pestimi [3, Theorem 2] to the compound MISO-BCC. We focus on
results with respect to [1]. the zero-forcing beamforming to provide an achievableos.d.

here the expectation is with regard to the fading spéeand
e union is over all possible distributiof3, V5, X satisfying



region. At each channel use of blockthe transmitter forms Wheregbj Mt = hj[ ]H i[t]. It can be shown that,[¢] and

the codeword v4[t] can be chosen such tha} , [t] # 0. Since the ZF creates
two parallel channels for any pair; [t], A:[]), the averaged

x[t] =xff] + xolt] = vifffua[f] + vo[tluolt]  (15) secrecy rate of user over m blocks is readily given by
wherev,[t] denotes a unit-norm beamforming vector of user m
k (to be specified below) andj[t] ~ Ne(0, px[t]) is symbol C(
of userk, andu; [t], us[t] are mutually independent. Clearly, R = mJ ZZ (plt |¢ 4%

t=1 j=1

the Markov chain[(113) is satisfied by lettig, = vy [t]ux[t] _ )
andX = V; + V5 at eacht. Following [3], we assume that theAS m — oo, the corner point(1,0), (0,1) is achieved by

transmitter sends the codewoxg[f] to userk at rate given allocatingp:[t] = P,Vi, ps[t] = P,Vt, respectively, and the
by rate point(1, 1) is achieved by equal power allocatipp[t] =
p2[t] = P/2 at eacht. Time-sharing between three points
Riext] = I(ulthyelt]) — 1 (urlt]; wit]) (16) yields the region. m
@) T(uslt); yelt) Theorem 3:The two-user ergodic fading compound MISO-

5 BCC with J; < M, J; > M achieves the s.d.o.f. region (see
= 3" P(A = JIHIDICunltls yelf] Al = j)  T19W) that includesiry, ra) satisfying
- B
! T‘1§M 1, J2 —1)7‘1+T2<1 (20)
where (a) follows from the independency betweeri] and Ja M—1

us[t]. This variable-rate strategy enables to limit the leaked Proof: At each block?, the transmitter chooses; [¢]
|nformat|on at the non-intended receiviet at each blockt orthogonal to the first/ — 1 stated hi[t],. ,hy'~1[t] and

such that v,[t] orthogonal th}[], ..., h{ [t] to form the codeword:(JS)
at eacht. This yields the receive signals
T (un[t]; g ] un [2])

k! pift] = & [Hualt] +0lt], wp. P(Ai[t] = j|H[]) = +,V)
= 2 PO = et 1, A=) 3 o[fuslt] + vl
. ) W Pl = ) = £ forj < M -1
S Rk,tx[t] (17) y2[t] - Jg’l[t]ul[t]+¢%72[t]’UJ2[t]+l/2[t]
for k' # k andk = 1,2. By combining [16) and[{17), the w.p. P(Ao[t] = jH[t]) = 7 for M < j < J

averaged secrecy rate of ugeoverm blocks is given by We remark that the increased channel uncertainty at user

2 (Jo > M) incurs two effects. First, it decreases the
R = = ZR’f ] = = ZI (ult]; yu [6) | uw [£]) transmission rate of user 2 due to interference from user 1.

ko Second, it decreases the secrec rate of user 1 since user 2
observesu, [t] with probability Z2=41 ”1 , If Ag[t] is between
_ Z Ry[l] (18) M and J,. We obtain the secrecy rates at blackiven by
2
where the secrecy rate of userat blockt is given by Rult] < [ ZC Paltllel, [41%) JXI:W Clpaftl| 5, 18 )}
+
Rilt] = [Riex[t] = I(urlth yw [tlluw )]+ (19) Ml 1 & palt)|6d 51|
t + Qt]STZCPQ[t‘¢2[t‘) JZC(M)
We remark that similar to [3], the variable rate strategyidso = 2 =M +paftlon, [t
the non-intended receivéf to accumulate the information on pjygging these expressions infal(18) and letting oo, the
symbol & over m blocks, whenever the channel condition igorner point(0, 1), (M-10) is achieved by letting[t] = P
better than the transmission rate of uger andp, [t] = P for all i. Under equal power allocatiop [t] =
P M— M— . . . .
C. Secrecy Degree of Freedom Region polt] = 7 for all ¢, (#7=, 27+ ) is achieved. Time-sharing
of these three points yields the region. ]

In the following, we provide the s.d.o.f. analysis for ditfat
cases of(Ji, Ja).
Theorem 2:The two-user ergodic fading compound MISO-

Theorem 4:Consider the two-user ergodic compound
MISO-BCC with J; > M, Jy, > M We define the funct|on

_ M-1 M— 1
BCC with J; < M, J, < M achieves the s.d.o.f. region fU, ) = 255 + 75 nigs T (1 Je) <
an achievable region iIs given by the time-sharing between
{(ri,re) i m < 1,rg < 1. (4-1,0) and (0, J—jl). If f(J1,J2) > 0, an achievable

Proof: At each blockt, the transmitter forms([t] given region (see F@Z) is time-sharing between these two points
in (I5) by choosingv, [t] orthogonal tohl[t], ..., hJ?[f] and and(rs,rs) with ry = 2=1 4 M=L 1,

v,[t] orthogonal tohl[t], ..., h{'[t]. This yields the received Proof: Without loss of generahty, the transmitter chooses
signals fork — 1,2 given by v1[t] orthogonal tohi[t], ..., h)'~![t] and v,[t] orthogonal
ylt] = (b?e’k[t]uk[t] + vi[t], w.p. P(Ax[t] = j|H[t]) = J_lk’ \Zi IThe same result holds for aryf — 1 set taken from{hl[¢], ..., hy2[t]}.
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Fig. 1. s.d.o.f. region fot/;,Jo < M andJ; < M, J2 > M

Iy f(J1,J2)<0 F f(J1,J2)>0

N

/

B \E
2

)
M-1 1y
J

Fig. 2. s.d.o.f. region foy > M, Jo > M

We provide a simple example to illustrate the difference be-
tween two models. Consider the compound MISO-BCC with
M =17,J; = J; = 8. The ergodic model achiev€s/2,1/2)
which dominates the time-sharing between the corner points
(3/4,0) and (0, 3/4). The Gaussian model yields zero s.d.o.f.
for both users. This radical difference is because the naumbe
of channel states over which perfect secrecy must be kept for
the Gaussian model equals the number of wiretappers, which
is not the case for the ergodic model.

IV. CONCLUSIONS

We have studied the two-user compound MIMO-BCC, for
which we have found that time variation of the channel state
provides an additional temporal dimension for the ergodic
model, which improves an achievable s.d.o.f. region coexgbar
to the Gaussian model with a constant fading state, althatigh
the price of a larger delay. We note also that in contrastéo th
compound MIMO-BC [1], the gain by multiletter approaches
(i.e. combining several time instances) is not expecte@.her
Finally, we conjecture that an achievable s.d.o.f. regiom p
vided in the paper is indeed the s.d.o.f. region and the proof
remains as a future investigation.
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block ¢. This yields the receive signals
% [Elult] + vit],
yelt] =

1o lunlt] + 6L [l [t] + valt],
w.p. P(Ay[t] = jH[t]) =

for k = 1, 2. By taking into account the two effects caused b
the increased channel uncertainty mentioned above, wénobt

the secrecy rate of usérat blockt is given by

M-1 Tyt

J=M

wa[iE:amw%mM—i;Zcmmw%w%
j=1

S f:c prltl] e, ,[t]]?
e 2\ T oo lel e

for £ = 1,2. Plugging the above expression info](18) and

W.p. P(A[t] = jlH[t]) = 5 for j <M —1

1 .
ﬁfOI’ngﬁjk

letting m — oo, the corner pointd = (Mj‘l,o) B
2

(O,MJ—jl) is achieved by lettingp;[t] = P, ps[t] = P,Vt,

respectively. Under equal power allocatipnt] = po|t]

P/2,vt, we have two different behaviors according to the

sion in the framework of the FP7 Network of Excellence in
Wireless Communications NEWCOM++.

REFERENCES

[1] H. Weingarten, S. Shamai, and G. Kramer, “On the compoMhislO
broadcast channel,” iProceedings of Annual Information Theory and
Applications Workshop (ITASan Diego, CA, 2007.

332] R. Liu and H. V. Poor, “Secrecy capacity region of a maltitenna

Gaussian broadcast channel with confidential messafegFE Trans.
on Inform. Theoryvol. 55, no. 3, pp. 1235-1249, March 2008.

[3] P. Gopala, L. Lai, and H. El Gamal, “On the secrecy capasftfading
channels,”IEEE Trans. on Inform. Theoryol. 54, no. 10, October
2008.

[4] H. D. Ly, T. Liu, and Y. Liang, “MIMO Broadcasting with Comon,
Private, and Confidential Messages,” Proc. Inter. Symp. Inform.
Theory and its App. (ISITANew Zealand, December 2008.

[5] M. Kobayashi, M. Debbah, and S. Shamai (Shitz), “Secwadmunica-

tions over frequency-selective fading channels: A prat¥andermonde

precoding,”to appear in Eurasip, Special Issue on Wireless Physical

Security

[6] Y. Liang, G. Kramer, H. V. Poor, and S. Shamai (Shitz), f@mound
wire-tap channels,” ifProc. 45th Annu. Allerton Conf. Communication,
Control and ComputingMonticello, IL, USA, 2007.

[7] ——, “Recent results on compound wire-tap channels,Pioc. |IEEE

International Symposium on Personal, Indoor and Mobile iRa@iom-

munications (PIMRG)Cannes, France, 2008.

[8] T. Liu, V. Prabhakaran, and S. Vishwanath, “The secreapacity of

value of f(J1, J2). Interestingly, if f(J1, J2) > 0, the s.d.o.f.
point C = (rs,rs) which dominates the line segment A B is
achieved, as shown in Hig.2. On the contrary(iff;, J2) < 0,
the point(rs, ;) is below the line segment A B. This can be[9]
easily verified by comparing, and the intersection between
the line segment A B ané, = r;. [ |

We remark that an achievable s.d.o.f. with the ergodic mod#d]
gradually decreases as the uncertainty increases. Mateove
the time variation of the channel state creates an addltiona
temporal dimension, and significantly improves the s.d.o.f
with respect to the Gaussian model with constant chanrtel sta

a class of parallel Gaussian compound wiretap channelsProt.
IEEE International Symposium on Information Theory (ISMQronto,
Ontario, Canada, 2008, pp. 116-120.

J. Xu, Y. Cao, and B. Chen, “Capacity Bounds for Broaddakannels
with Confidential Messagessubmitted to "IEEE Trans. on Inform.
Theory”, May 2008, also available Arxiv preprint arXiv:08@374
2008.

A. Khisti, G. Wornell, A. Wiesel, and Y. Eldar, “On the @Gssian
MIMO wiretap channel,” inProc. IEEE International Symposium on
Information Theory (ISIT)Nice, France, 2007.



transmitter

Wy, —

Xn

receiver 1

encoder

W, —

AWGN
T(h) ><+D » decoderl
Yl
AWGN
T(9) ><+D > decoder2
Zl

receiver 2



	Introduction
	Gaussian compound MIMO-BCC
	Model and Definitions
	Secrecy Degree of Freedom Region

	Ergodic Fading Compound MISO-BCC
	Model and Definitions
	Variable-Rate Transmission
	Secrecy Degree of Freedom Region

	Conclusions
	References

