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Abstract—This paper considers a fully-connected interference
network with a relay in which multiple users equipped with
a single antenna want to exchange multiple unicast messages
with other users in the network by sharing the relay equipped
with multiple antennas. For such a network, the optimal degrees
of freedom (DoF) are derived by providing both converse and
achievability. Further, considering single-antenna relays in the
three-user fully-connected interference network, it is shown that
three distributed relays with a single antenna is sufficient to
achieve the optimal DoF. A major implication of the derived DoF
results is that a relay with multiple antennas or distributed relays
employing a single antenna increases the capacity scaling law of
the multi-user interference network when multiple directional
information flows are considered, even if the networks are fully-
connected and all nodes operate in half-duplex. These results
verify the intuition that the relay is useful in increasing DoF for
the multi-way the interference network.

I. INTRODUCTION

Multi-way communication using an intermediate relay is

a promising wireless network architecture with applications

including cellular networks, sensor networks, and device-to-

device communications. The simplest multi-way relay network

model is the two-way relay channel [1]-[3] in which a two-

user pair wish to exchange messages by sharing a single relay.

While the capacity of this simple channel is still unknown in

general, it has been shown that physical layer network coding

[2] and analog network coding [3] increase the achievable

sum-rates of the two-way relay channels because they allow

users to exploit their transmit signal as side-information.

Recently, the two-way relay channel has been generalized in

a number of ways: multi-pair two-way relay channels [4] and

multi-user multi-way relay channels [5]-[7].
In spite of extensive studies on multi-way relay channels,

relatively little work has addressed on the understanding of

their capacity, especially when the nodes are fully-connected

in the network due to difficulty in managing interference. Note

that when the direct links are considered in the multi-way

relay channel, it can be viewed equivalently as an interference

network with a relay. In general, if the networks are fully-

connected, i.e., a non-layered structure, then a node receives

signals arriving along different paths, which causes more inter-

user interference than that of the layered network. In particular,

for the fully-connected interference network with relays, it

has been shown that the relay cannot improve the DoF of

such a network regardless of how many antennas the relay has

[8]. In this paper, we provide counter examples of the claim

that the relay cannot increase the DoF of the fully-connected

interference network. In other words, the relay is useful in

improving the DoF of the multi-user interference networks

when multi-way information exchange is considered between

users.

In this paper, we consider a fully-connected interference

network with a relay where K users with a single antenna

exchange unicast messages with each other via a relay with

N multiple antennas. We refer to this network as a fully-

connected Y channel as a generalized network model of [7].

In particular, we assume that all nodes have half-duplex con-

straint due to hardware limitations, implying that transmission

and reception occurs in different orthogonal time slots.

The main contribution of this paper is to characterize the

optimal DoF for a fully-connected Y channel. Specifically, it is

demonstrated that the sum-DoF of
K(K−1)
2K−2 = K

2 is the optimal

if the relay has N ≥ K − 1 antennas. Both achievability

and the converse are provided. Further, as an extension, by

considering three distributed relays each of which has a

single antenna, it turns out that the three distributed relays

are sufficient to achieve the optimal sum-DoF for the three-

user fully-connected Y channel. One major implication of

our results is that the available DoF of fully-connected in-

terference network that supports multi-directional information

exchange can be improved substantially by allowing a relay

with multiple antennas or allowing multiple distributed relays

even if all nodes operate in half-duplex. The DoF gain comes

from two mechanisms. One is the side-information inherently

given by multi-way communication, i.e., caching gain. The

second is due to the fact that the relay can make sure each

user does not see an undesired interference signal by using

the proposed space-time interference neutralization. We refer

to it as interference shaping gain. To acquire two different

gains, the multiple antenna relay or multiple relays with a

single antenna controls the information flow of the multi-

way communication so that each user exploits side-information

efficiently, which leads to increase the DoF by the use of a

relay.

II. SYSTEM MODEL

Let us consider an interference network comprised of K
users with a single antenna each and a relay with N antennas.

All the users and the relay are completely-connected as

illustrated in Fig. 1. User k, k ∈ U � {1, 2, . . . ,K}, wants to
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Fig. 1. K-user fully-connected Y channel. User � wants to send K − 1
messages Wk,� and receive Ŵ�,k for k ∈ U/{�} in this network.

send K − 1 unicast messages W�,k for � ∈ U/{k} � U c
k to

user � and intends to decode K−1 messages Wk,� for � ∈ U c
k

sent by all other users. In this channel, it is assumed that the

relay and all nodes operate in half-duplex mode, implying that

transmission and reception span orthogonal time slots.

Let x�[n] = f(Wk,�) for k ∈ Uc
� be the transmitted

signal by user � at time slot n where f(·) represents an

encoding function. Also, let Sn and Dn denote the set of

source and destination nodes at time slot n. Due to the fully-

connected property and the half-duplex constraint, when the

users belonging the source set Sn send their signals at the n-th

time slot simultaneously, user k ∈ Dn and the relay receives

the signals

yk[n] =
∑
�∈Sn

hk,�[n]x�[n] + zk[n], k ∈ Dn, (1)

yR[n] =
∑
�∈Sn

hR,�[n]x�[n] + zR[n], (2)

where yk[n] and yR[n] ∈ C
N×1 represent the received signal

at user k and the relay; zk[n] and zR[n] denote the additive

noise signal at user k and at the relay at time slot n whose

elements are Gaussian random variable with zero mean and

unit variance, i.e., CN (0, 1): and hk,�[n] and hR,�[n] =
[h1

R,�[n], . . . , h
N
R,�[n]] represent the channel coefficients from

user � to user k and the channel vector from user � to the

relay, respectively.

When the relay and user � ∈ Sn cooperatively transmit at

the n-th time slot, at the same time, user k ∈ Dn receives the

signal as

yk[n]=
∑
�∈Sn

hk,�[n]x�[n]+h∗k,R[n]xR[n]+zk[n], k ∈ Dn, (3)

where h∗j,R[n] = [h1
j,R[n], . . . , h

N
j,R[n]]

∗ denotes the (downlink)

channel vector from the relay to user k and xR[n] represents

the transmit signal vector at the relay when the n-th channel

is used.

The transmit power at each user and the relay is assumed to

be P , i.e., E
[|xj [n]|2

] ≤ P and E
[‖xR[n]‖22

] ≤ P . Further,

it is assumed that all the entries of all channel values in

h�,k[n], hR,�[n], and h∗k,R[n] are drawn from a continuous

distribution and the absolute value of all the channel coef-

ficients is bounded between a nonzero minimum value and a

finite maximum value. The channel state information (CSI) is

assumed to be perfectly known at the users in receiving mode

and the relay has global channel knowledge for all links.

User k sends an independent message W�,k for one intended

user � with rate R�,k(P ) =
log2 |W�,k|

n for �, k ∈ U and � �= k,

a rate tuple R = (R1,2,R1,3, . . . , RK,K−1) ∈ R
K(K−1) is

achievable if every receiver can decode the desired message

with an error probability that is arbitrarily small with suffi-

cient channel uses n. Then, the sum-DoF characterizing the

approximate sum-rates in the high SNR regime is defined as

dsum =

K∑
k=1,k �=�

K∑
�=1

dk,� = lim
P→∞

∑K
k=1,k �=�

∑K
�=1 Rk,� (P )

log (P )
.

(4)

III. DOF OF K-USER FULLY-CONNECTED Y CHANNEL

In this section, we derive the DoF of K-user fully-connected

channel. The following theorem is the main result of this paper.

Theorem 1: For the fully-connected Y channel where K
users have a single antenna and a relay has N ≥ K − 1
antennas, the maximum sum-DoF equals K

2 .

A. Converse

We provide the converse of Theorem 1 by using the cut-

set theorem [9]. Using the fact that user cooperation does

not deteriorate the DoF of the channel, let us first consider a

special case where all users except user k fully cooperate. This

cooperation allows us to view the fully-connected Y channel

as a two-way relay channel equivalently where the user group

has K−1 antennas but user 1 has a single antenna as illustrated

in Fig 2. Further, let us set the messages to be null between

cooperating users, i.e., Wi,j = φ for i, j ∈ U c
1, by the using

the fact that the null-messages cannot degrade the performance

of the non-null messages. In this two-way relay channel, the

user group wants to send the message W1,k for k ∈ U c
1 and

user 1 wants to send the messages Wk,1 for k ∈ U c
1. The

converse follows from the following lemma which serves an

outer bound of the equivalent two-way relay channel.

Lemma 1: Let dk,� be the DoF for message Wk,� for k, � ∈
U . Then, the following inequality holds:

K∑
�=1,� �=k

dk,� +

K∑
k=1,k �=�

dk,� ≤ 1, for k, � ∈ U . (5)

Proof: We would like to defer the rigorous proof into our full

paper [10] due to space limitation.
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Fig. 2. A user cooperation scenario when all users except for user 1 cooperate
with each other by sharing the messages and antennas.

To attain the converse result of Theorem 1, we add K
inequalities from Lemma 1, which gives us

2

⎛
⎝ K∑

� �=k

K∑
k=1

d�,k

⎞
⎠ ≤ K ⇒

K∑
� �=k

K∑
k=1

d�,k ≤ K

2
, (6)

which completes the proof. �

B. Achievability

Due to page limitation, we provide achievability of Theorem

1 when K = 3 and N = 2. For the general proof, please see

the journal version of this paper [10].

1) Phase One (Round-Robin Multiple-Access Channel
(MAC): This phase comprises of three time slots. In each

channel use, two users send one message to one intended user

so that the intended user has one equation that contains two

desired data symbols. Specifically, at time slot 1, user 2 and 3

send information symbols s1,2 and s1,3 for user 1. While user

1 and the relay listen the signals, user 2 and 3 do not receive

any signals in this time slot due to half-duplex constraint, i.e.,

S1 = {2, 3} and D1 = {1,R}. When noise is ignored, user 1

and the relay have

D1[1] = h1,2[1]s1,2 + h1,3[1]s1,3, (7)

DR[1] = hR,2[1]s1,2 + hR,3[1]s1,3. (8)

Since the relay has two antennas, it resolves the transmitted

data symbols s1,2 and s1,3 by using a zero-forcing (ZF)

decoder.

In the second time slot, user 1 and user 3 transmit data

symbols s2,1 and s2,3 to user 2, i.e., S2 = {1, 3} and D2 =
{2,R}. The received equations at user 1 and the relay are

D2[2] = h2,1[2]s2,1 + h2,3[2]s2,3, (9)

DR[2] = hR,1[2]s2,1 + hR,3[2]s2,3. (10)

By taking an advantage of multiple antennas, the relay decodes

s2,1 and s2,3.

Finally, at time slot 3, user 1 and user 2 deliver data symbols

s3,1 and s3,2 to user 3, i.e., S3 = {1, 2} and D3 = {3,R}.

Hence, the received equation at user 3 and the relay are given

by

D3[3] = h3,1[3]s3,1 + h3,2[3]s3,2, (11)

DR[3] = hR,1[3]s3,1 + hR,2[3]s3,2. (12)

Similarly, the relay obtains s3,1 and s3,2 by using a ZF

decoder. As a result, during the phase one, each user obtains

one equation consisted of two desired symbols and the relay

acquires all six independent data symbols in the network.

2) Phase Two (Relay Broadcast): The second phase spans

one time slot. In this time slot, the relay sends a superposition

of six data symbols obtained during the phase one, i.e., S4 =
{R} and D4 = {1, 2, 3}. The transmitted signal at the relay is

given by

xR[4] =

3∑
i=1

3∑
j=1,j �=i

vi,j [4]si,j , (13)

where vi,j [4] ∈ C
2×1 denotes the beamforming vector used

for carrying symbol si,j at time slot 4. The main design

principle of vi,j [4] is to control the interference propagation

on the network so that each user receives an equation that

consists of desired data symbols or self interference data

symbols which can be eliminated by using side-information at

each user. For instance, user 1 wants to receive an additional

equation consisted of s1,2 and s1,3 and can cancel the self-

interference signals caused by s2,1 and s3,1 by exploiting side-

information. Thus, the relay picks the beamforming vectors

v2,3[4] and v3,2[4] carrying s2,3 and s3,2 so that user 1 does

not receive them. To accomplish this, v2,3[4] and v3,2[4] are

selected as

v2,3[4] ∈ null(h∗1,R[4]) and v3,2[4] ∈ null(h∗1,R[4]). (14)

Applying the same principle, the other relay beamforming

vectors are designed as

v1,3[4] ∈ null(h∗2,R[4]), v3,1[4] ∈ null(h∗2,R[4]), (15)

v1,2[4] ∈ null(h∗3,R[4]), and v2,1[4] ∈ null(h∗3,R[4]). (16)

To give some intuition on the proposed precoding solution, we

rewrite the transmit signal at the relay as

xR[4] = vc
1[4](s2,3 + s3,2) + vc

2[4](s1,3 + s3,1)

+ vc
3[4](s1,2 + s2,1), (17)

where vc
i [4] ∈ null(h∗i,R[4]). Thus, we can interpret the

transmitted signal at the relay at the second phase as a class

of superposition coding.

3) Decoding: We explain a decoding method used by user

1. Recall that user 1 received an equation consisting of two

desired symbols s1,2 and s1,3 at time slot 1 in the form

of D1[1] = h1,2[1]s1,2 + h1,3[1]s1,3. In time slot 4, user 1

obtained an equation containing both two desired and two self-

interference data symbols given by

y1[4] = h∗1,R[4]xR[4],

= h∗1,R[4] {vc
2[4](s1,3+s3,1)+vc

3[4](s1,2+s2,1)} . (18)
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Assuming that user 1 preserves the transmitted informa-

tion symbols s2,1 and s3,1 by caching memory as side-

information and it has the effective channel h∗1,R[4]v
c
i [4] for

i ∈ {1, 2, 3}, user 1 can generate an interference equation

M1[4] = h∗1,R[4]v
c
2[4]s3,1 + h∗1,R[4]v

c
3[4]s2,1. Thus, user 1

extracts one equation that contains two desired symbols by

eliminating the self-interference as

y1[4]−M1[4] = h∗1,R[4]v
c
3[4]s1,2 + h∗1,R[4]v

c
2[4]s1,3. (19)

From self-interference cancellation, we acquired a new equa-

tion for the two desired symbols. Therefore, the two desired

symbols are obtained by solving the following matrix equation,[
y1[1]

y1[4]−M1[4]

]
=

[
h1,2[1] h1,3[1]

h∗1,R[4]v
c
3[4] h∗1,R[4]v

c
2[4]

]
︸ ︷︷ ︸

H̃1

[
s1,2
s1,3

]
. (20)

Note that beamforming vectors were selected independently

of the direct channel between users, i.e. h1,2[1] and h1,3[1].
Therefore, the rank of the effective channel becomes 2 with

probability one, which allows user 1 to decode two desired

symbols s1,2 and s1,3. For user 2 and user 3, the same method

applies. Consequently, it is possible to exchange a total of

six data symbols within 4 channel uses by using the relay

employing multiple antennas in the 3-user fully-connected Y

channel, which completes the proof. �
Remark 1 (The required CSIT knowledge): To achieve the

optimal DoF, while CSIT at users is not needed, the users

require to know the effective channel value h∗j,R[4]v
c
j [4] for

performing self-interference cancellation. This channel knowl-

edge can be easily obtained from demodulation reference

signals when a multi-carrier system is applied by the channel

coherence property in the frequency domain. Alternatively,

CSIT at the relay plays in important role to attain the DoF

gains.

Remark 2 (Comparison with a four-user fully-connected X
network): Let us consider a four-user, fully-connected, and

half-duplex X network where each user wants to exchange

three unicast messages with the other users. Since no relays is

involved in this network, the optimal DoF of such a channel

equals 4
3 as shown in [8], which can be achieved by interfer-

ence alignment. Meanwhile, our result shows that a total of
K
2 = 2 DoF are achievable by the use of a relay employing

N = 3 antennas, which is a 50% DoF improvement.

IV. DISTRIBUTED SINGLE-ANTENNA RELAYS

In this section, we consider a fully-connected 3-user Y

channel with three distributed relays each has a single antenna

as depicted in Fig. 3. For a such channel, we will establish

the following theorem.

Theorem 2: For the 3-user fully-connected Y channel with

three distributed single-antenna relays, the optimal 3
2 of DoF

are achievable.

Proof : Since the converse argument is direct from Theorem

1, the achievability is shown by the proposed space-time
interference neutralization. The first phase comprises three

time slots, i.e., T1 = {1, 2, 3}. For k ∈ T1 time slot, all users

Fig. 3. 3-user fully-connected Y channel with three distributed relays
employing a single antenna.

except for user k transmit signals intended for user k. Thus,

the received signals at user k and relay n ∈ {1, 2, 3} are given

by

yk[k] =

3∑
�=1,� �=k

hk,�[k]sk,� + zk[k], (21)

ynR [k] =

3∑
�=1,� �=k

hn
R,�[k]sk,� + znR [k]. (22)

During phase one, each user k has one desired equation and

each relay has three equations. In the second phase, one time

slot is used for the relay transmission, T2 = {4}. During

time slot 4, the three relays cooperatively send signals to the

users based on what they obtained during the first phase. The

transmitted signal at the n-th relay is given by

xn
R[4] =

3∑
k=1

vn[k]ynR [k], (23)

where vn[k] denotes the precoding coefficient used at the n-th

relay for the k-th time slot observation ynR[k]. When the three

relays send at time slot 4, the received signal at user j is given

by

yj [4] =

3∑
n=1

hn
j,R[4]x

n
R[4] =

3∑
n=1

hn
j,R[4]

3∑
k=1

vn[k]ynR [k],

=

3∑
n=1

hn
j,R[4]

3∑
k=1

vn[k]

⎛
⎝ 3∑

�=1,� �=k

hn
R,�[k]sk,�

⎞
⎠, (24)

=h∗j,R[4]V
R
[
HR,U c

1
[1] HR,U c

2
[2] HR,U c

3
[3]
]⎡⎣s1,U c

1

s2,U c
2

s3,U c
3

⎤
⎦, (25)

where h∗j,R[4] = [h1
j,R[4], h

1
j,R[4], h

3
j,R[4]] ∈ C

1×3 denotes the

channel vector from the three relays to user j ∈ {1, 2, 3} at

time slot 4; VR ∈ C
3×3 denotes a space-time relay network

coding matrix at time slot 4 whose (n, k) element is defined

as VR(n, k) = [vn[k]]; HR,U c
k
[k] ∈ C

3×2 denotes the effective
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channel matrix from user group U c
k to the three relays at time

slot k ∈ T1; sj,U c
j

represents the desired symbol vector at user

j, which comes from user group U c
j . Note that user j receives

a linear combination of six symbols from the relays. Let us

decompose these six symbols into three terms: two desired

symbols sj,U c
j
, two self-interference symbols sU c

j ,j
, and two

inter-user interference symbols sIc
j
= [sk,�] where k �= j or

� �= j. Then, let define a permutation matrix Pj ∈ Z
6×6 that

changes the order of transmitted symbols such that⎡
⎣ s1,U c

1

s2,U c
2

sK,U c
3

⎤
⎦ = Pj

⎡
⎣ sj,U c

j

sU c
j ,j

sIc
j

⎤
⎦ . (26)

Using the permutation matrix, we can rewrite the equation in
(25) as

yj [4] =h∗
j,R[4]V

R
[
HR,Uc

1
[1] HR,Uc

2
[2] HR,Uc

3
[3]

]
Pj

⎡

⎣
sj,Uc

j

sUc
j ,j

sIc
j

⎤

⎦, (27)

=h∗
j,R[4]V

RAjsj,Uc
j
+h∗

j,R[t]V
RBjsUc

j ,j
+h∗

j,R[t]V
RCjsIc

j
,

(28)

where the effective channel matrices Aj ∈ C
3×2, Bj ∈ C

3×2,

and Cj ∈ C
3×2 are defined as[

Aj Bj Cj

]
=

[
HR,U c

1
[1] HR,U c

2
[2] HR,U c

3
[3]

]
Pj . (29)

To eliminate interference signal sIc
j

for user j, the relays

cooperatively design space-time relay network coding matrix
VR so that the following interference neutralization condition

is satisfied,

h∗j,R[4]V
RCj = 01×2, for j ∈ U . (30)

To solve the matrix equations in (30) for all K users, we

convert them into vector forms by exploiting Kronecker prod-

uct operation property, vec(AXB) = (BT ⊗A)vec(X). The

combined vector form of interference neutralization in (30) is

given by ⎡
⎣CT

1 ⊗ h∗1,R[4]
CT

2 ⊗ h∗2,R[4]
CT

3 ⊗ h∗3,R[4]

⎤
⎦

︸ ︷︷ ︸
F̄∈C8×9

v̄R︸︷︷︸
9×1

= 08×1. (31)

where v̄R = vec(VR) is the vector representation of relay

beamforming matrix VR by stacking the column vectors of

it. Because the elements of the channels are drawn from

a continuous random variable and the size of the unified

system matrix F̄ is 8 × 9, F̄ has a null subspace almost

surely. Therefore, the relay beamforming vector eliminating

all interference signals on the network are obtained as

v̄R ∈ null(F̄). (32)

By reshaping the vector solution v̄R into a matrix, we obtain

the network-wise space-time relay precoding matrix VR.

Last, let us consider the decoding procedure at user 1. Recall

that user 1 received an equation consisting of two desired

symbols s1,U c
1
= [s1,2 s1,3]

T in time slot 1. In addition, in time

slot 4, user 1 received a signal from the relay in the form of

y1[4] = h∗1,R[4]V
RA1s1,U c

1
+h∗1,R[4]V

RB1sU c
1,1

. Since user 1

has knowledge of sU c
1,1

, it cancels known interference symbols

from y1[4]. Thus, the input-output relationship is given by[
y1[1]

y1[4]−h∗1,R[4]V
RB1sU c

1,1

]
=

[
h1,U c

1
[1]

h∗1,R[4]V
RA1

]
︸ ︷︷ ︸

H̃1

s1,U c
1
, (33)

where h1,U c
1
[1] = [h1,2[1], h1,3[1]]. Since the effective channel

matrix H̃1 has full rank two, user 1 decodes two desired

symbols. By the symmetry, user 2 and 3 obtain their desired

information symbols as well. As a result, it is possible to

achieve 3
2 DoF. This completes the proof. �

V. CONCLUSION

In this paper, we studied a fully-connected interference

network with relay nodes. By considering the multi-way

information flows, we characterized the sum-DoF for the

network by yielding converse based on the cut-set theorem

and achievability using the proposed multi-phase transmission

scheme. From the derived DoF result, we verified the intuition

that the relay is useful in increasing the DoF of multi-user

interference network when the multi-way information flows

are considered, even if the relay and users operate in half-

duplex. This DoF increase is due to two gains: the caching gain

that inherently given by multi-way communications and the

interference shaping gain by the space-time relay transmission

that cancels the interference signals.

ACKNOWLEDGMENT

This research was supported in part by Army Research Labs

W911NF-10-1-0420.

REFERENCES

[1] Y. Wu, P. A. Chou, and S. Y. Kung, “Information Exchange in
Wireless Networks with Network Coding and Physical-Layer Broadcast,”
Technical Report MSR-TR-2004-78, Aug. 2004, Microsoft Research.

[2] S. Zhang, S. Liew, and P. P. Lam, “Hot Topic: Physical-Layer Network
Coding,” in Proc. 12th Annual International Conf. Mobile Computing
Networking (ACM MobiCom06), pp. 358-365, Sept. 2006.

[3] B. Rankov and A. Wittneben, “Spectral Efficient Protocols for Half-
Duplex Fading Relay Channels,” IEEE Journal on Selected Areas in
Communications, vol. 25, no. 2, pp. 379–389, Feb. 2007.

[4] M. Chen and A. Yener, “Multiuser Two-Way Relaying: Detection and
Interference Management Strategies,” IEEE Transactions on Wireless
Communications, vol. 8, no. 8, Aug. 2009.

[5] D. Gunduz, A. Yener, A. Goldsmith, and H. V. Poor, “The Multi-Way
Relay Channel,” in Proc. IEEE ISIT 2009, June, 2009.

[6] N. Lee, J. -B. Lim, and J. Chun, “Degrees of Freedom on the MIMO
Y Channel: Signal Space Alignment for Network Coding,” IEEE
Transactions on Information Theory, vol. 56, no. 7, July 2010.

[7] K-W. Lee, N. Lee, and I. Lee “Achievable Degrees of Freedom on K-
user Y Channels,” IEEE Transaction on Wireless Communications, vol
11, pp. 1210-1219, Mar. 2012.

[8] V. R. Cadambe and S. A. Jafar, “Degrees of Freedom of Wireless Net-
works with Relays, Feedback, Cooperation and Full Duplex Operation,”
IEEE Transactions on Information Theory, vol. 55, no. 5, pp. 2334-2344,
May 2009.

[9] T. M. Cover and J. A. Thomas, “Elements of Information Theory”, New
York: Wiley-Interscience, 1991.

[10] N. Lee and R. W. Heath Jr., “Multi-Way Information Exchange
Over Completely-Connected Interference Networks with a Multi-Antenna
Relay” Submitted to IEEE Transactions on Information Theory, Feb.
2013. [Online]: http://arxiv.org/abs/1302.0749v1.

2013 IEEE International Symposium on Information Theory

1575



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


