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Abstract. In this paper, we consider a dirty Gaussian two-way relay
channel, where the two user nodes exchange messages with the help of a
relay node. The three nodes experience two independent additive inter-
ferences which are assumed to be known at some nodes. We consider two
cases: (1) the two user nodes know each of the two interferences respec-
tively; (2) the relay node knows both the interferences. With nested lat-
tice coding and compute-and-forward relaying, we derive achievable rate
regions for the above two cases. The achievable rate regions are shown
to be within constant bits from the cut-set outer bound for all channel
parameters regardless of the interferences. Comparing the two achievable
rate regions of the above two cases, it is shown that more information
about the interferences the relay node knows more interferences will be
canceled, larger achievable rate region can be achieved.

Keywords: Two-way relay channel - Dirty paper channel - Nested
lattice coding - Compute-and-forward

1 Introduction

The channel with channel state information causally known at the source node
was first considered by Shannon [1]. For the channel with state information non-
causally known at the encoder, Gel'fand and Pinsker [2] derived the capacity for
general discrete memoryless channels and Costa [3] derived the capacity of the
Gaussian dirty channel with dirty-paper coding.

The two-way relay channel in which two users wish to exchange messages
with the help of a third relay node is a practical channel model for wireless
communication systems. A number of coding schemes and relaying strategies
have been proposed for the two-way relay channels. Lattice coding which has
been shown to be good for almost everything [4] was applied to two-way relay
channels during recent years and was demonstrated to be capacity-approaching
[5-9]. Nam et al. [6] proposed a scheme based on nested lattice codes formed from
a lattice chain. They exploited the structural gain of computation coding and
derived the capacity region for the two-way relay channel to with 1/2 bit. In [7],
a lattice-based achievability strategy was proposed to derive a symmetric rate
which is within % log(3) bits of the capacity for the two-way two-relay channel.
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For some certain classes of channels with side information, Zamir et al. [9]
used lattice codes to derive the capacity of these channels. The nested approach
of [9] for the dirty-paper channels is extended to multi-user dirty-paper channels,
e.g. the authors in [10] showed that lattice-based binning seemed to be necessary
to achieve capacity of the dirty multiple access channel (MAC). In [11], Song
et al. studied the two-hop Gaussian relay channel with a source, a relay and a
destination. The destination experienced an additive interference which is known
to the source non-causally. They proposed a new achievable scheme based on
nested lattice code and decode-and-forward (DF) relaying. This strategy used
the structure provided by nested lattice codes to cancel part of the interference
at the source and achieved a rate to within 1/2 bit of the clean channel.

In this paper, we consider a Gaussian two-way relay channel with channel
state information. The two user nodes (node 1 and node 2) exchange messages
with the help of a relay node (node 3). The three nodes experience two inde-
pendent additive Gaussian interferences S; and Sy which can be viewed as the
signals transmitted from the primary users in cognitive radio systems. We assume
that only part of the nodes in the two-way relay channel are capable of acquiring
some knowledge about the interferences S; and S5. Thus, the state-dependent
two-way relay channel studied in this paper can be viewed as a secondary relay
communication with some cognitive nodes. The nodes knowing the interference
S1 or Sy may adapt their coding schemes to mitigate the interferences caused by
the primary communication. We consider the following two cases: (1) user node 1
and user node 2 know the interferences S; and Ss respectively; (2) the relay node
knows both interferences S; and Ss. We generalize the lattice coding schemes
used in [6,11], and derive corresponding inner bounds for the capacity regions
of the above two cases based on compute-and-forward relaying at the relay node
and nested lattice coding with interferences pre-cancellation at the nodes which
know the interference. With these achievable schemes, the achievable rate regions
derived for the above two cases are within constant bits from the cut-set outer
bounds for all channel parameters regardless of the interferences.

2 Channel Model and Lattice Coding Preliminaries

2.1 Channel Model

As shown in Fig. 1, we consider a two-way relay channel with interferences. We
assume that there is no direct path between the two user nodes. The channel is
corrupted by two independent additive Gaussian interferences S; and Sy known
non-causally at some of the nodes. The message w; € {1,2,..., 2"} is uniformly
distributed over the message set W; = {1, 2,...,2nf }7 where i € {1,2}, n is the
number of channel uses, and R; denotes the rate of message w;. The messages w,
and wy are independent of each other. We let X7' = (X; (1),X;(2),...,X; (n))
where X; (k) denotes the input from node ¢ at channel use k (and similarly for
the channel outputs Y7 of node i) where ¢ € {1,2,3}. Node 4 transmits X; (k)
at time k to the relay through the channel specified by

Ya(k) = X1 (k) + Xo(k) + S1(k) + S2(k) + Zs(k) (1)
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where Z3(k) is an independent identically distributed (i.i.d.) Gaussian random
variable with zero mean and variance 1, S; and Sy are the two additive i.i.d.
Gaussian interferences with zero mean and variance )1 and @2 respectively.
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Fig. 1. Dirty two-way relay channel

The relay node 3 transmits X;(k) to user node 1 and user node 2 through
the channel specified by

Yi(k) = X3(k) + S1(k) + S2(k) + Z;i(k) (2)

where Z;(k) is an additive white Gaussian noise with zero mean and variance 1.

For the first case when user node 1 and user node 2 know the channel state
information non-causally, a (2771, 27f2 n)-code consists of message w; uniformly
distributed over the message set W; = {1, 2,..., Q”Ri}; two encoding functions
at node 1 and node 2

fre{1,2,...,2"80 x St - R" (3)
such that %ZkzlE(xfk) < P;, where ¢ = 1,2; a series of encoding func-
tions {fék)}gzl at the relay node 3 such that Xs3(k) = (k) (Ylg_l) and

Ly (X5 (k))?® < Ps; decoding functions at node 1 and node 2
g Y X S x W — {1,2,..., 2" (4)

where, i, i € {1,2},i # i.

The definition of (271, 2752 n)-code for the second case when the relay node
knows both S7 and S5 is similar to that for the first case, except that the encoding
functions and decoding functions at node 1 and node 2 should be replaced by
{12, .20 Y S R and g YR x W, — {1,2, .20 i e {1,2),0 # 4,
respectively, and encoding functions at the relay node should be replaced by
Xa(k) = £ (Y51, 87, 8%).

The decoding error probability is defined as

1
Pne:

© = SRt Z’LU1EW1,?U2€W2 Pr (w1, wq) # (1,12) | (w1, ws) was sent)
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For any £ > 0 and sufficiently large n, if there exists (271 2nf2 n)_code
such that P, . < ¢, the rate pair (R, R2) is said to be achievable. The capacity
region for the dirty two-way relay channel is defined as the supremum of the set
of all achievable rate pairs.

2.2 Lattice Coding Preliminaries

We briefly outline the notations and definitions for nested lattice codes. For
details of the lattice coding, please refer to [4,12] and the references therein.
An n-dimensional lattice A is a discrete group in the Euclidian space R™
which is closed with respect to the addition and reflection operations. The lattice
is specified by A ={\ =G -i:i€ Z"}, where G is a n x n real valued matrix.
The nearest neighbor quantizer Q 4(-) is defined by Q4 (x) = arg I)TIGIH lx — All,

where ||-|| denotes Euclidian norm. The fundamental Voronoi region of A is

defined as V (A) = {x € R": Q4 (x) = 0}. The modulo lattice operation with

respect to A is defined as x mod A = x — Q4 (x). The second moment of a lattice
1

A'is given by 0% (A) = ¢ - + [, |x]|”dx, and the normalized second moment of

lattice A is given by G (A) = ":(2 ) , where V is the volume of the Voronoi region.

A lattice A is said to be Rogers-good if lim, .o G (A) = 5= and Poltyrev-

good if Pr{Z ¢ V} < e "Fr1) for any Z € N(0,0°I), where u = % is
the volume-noise ratio.

A nested lattice code is defined in terms of two n-dimensional lattices A and
A, such that A C A, with fundamental regions V, V. of volumes V := Vol (V),
V. := Vol (V,) respectively. Lattice A is called the coarse lattice which is a sub-
lattice of the fine lattice A.. The set Ca,.4 = {A:. NV} can be employed as the
codebook using A, as codewords and the Voronoi region V of A as a shaping
region. The coding rate R is defined as R = %log ICa..Al = %log VLC

3 Main Results

3.1 Achievable Rate Region When the Two User Nodes Know S,
and S> Respectively

Since the two user nodes 1 and 2 know only part of the interferences, each
user node pre-cancels part of the interferences according to their own knowledge
about the interferences using the nested lattice codes. The relay node decodes
and forwards the function of the codewords transmitted from the two user nodes
exploiting the structure property of the nested lattice codes. The two user nodes
decode the message from the other node using their own messages as side infor-
mation. Combining the structured interference pre-cancelation technique in [11]
and the compute-and-forward relaying used to derive the achievable rate region
for the two-way relay channel by Nam in [6], an achievable rate region is derived
for the dirty two-way relay channel studied in this paper as shown in the follow-
ing theorem.
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Theorem 1. For the dirty Gaussian two-way relay channel with partial channel
state information known at the user nodes as shown in Fig. 1, the rate region
which is the closure of the set of all points (R, Rg) satisfying

+ +
: 1 P, 1 P
R; < min {2 log <P1+P2 T )] ) [2 log (2P3 3 )]
Pi+Pa+1 T Pytl 2P3+1 T P31
+ +
: 1 P 1 P
Rz < min {2 log <131+P22+P2)] : [2 log (mi%)]
P+ Pot1 T Potl 3P3+1 T Pyt
+

is achievable and is within 1 bit from the cut-set outer bound, where [r]" =
max {x,0}.

()

Remark 1. Compared with the achievable rate region of the two-way relay chan-
nel with no interference considered in [6] which is shown to be within 1/2 bit
from the outer bound, the achievable rate region of the two-way relay channel
with two additional interferences derived in this paper is within 1 bit from the
outer bound. This 1/2 bit larger gap is due to the fact that the two user nodes
know only part of the interference.

Proof. Without loss of generality, we assume P; > P,. We will prove the theorem
in two cases: (1) P3 > Ps; (2) Py > Ps.

(1) the first case: P3 > Py

For the first case, let us consider a good nested lattice chain A; C Ay C A, C Ay
as in Sect. 2.2, where the second moment of each lattice is constrained to be
0% (A1) = min (P, Ps), 02 (A3) = P2, 0?(A:) = o} and 02 (4,) = 0. The
lattices A;, Ay and A, are both Rogers good and Poltyrev good, while A, is
Poltyrev good. The proof in [13] ensures the existence of such lattice chain. The
Voronoi regions of the lattices A;, Ag, Ac, Ay are denoted by Vi, Vo, V,, V, of
volumes Vi, Va, V¢, V; respectively.

Encoding at the User Nodes. We use C; = {A.NV;} for node 1, C; =
{A: N Vy} for node 2. For node 4, each message w; € {1,2, ...,Q”Ri} is one-to-
one mapped to the lattice point t; € C;, where R; = % log(%). We also define two
sets Cq1 = {AgNV1} and Cyo = {Ay N Va} for quantizing the interferences at
node 1 and node 2 with quantization rates R, ; = 1 log(%) and Ry o =1 log(%)
respectively. To transmit a message w;, node i chooses t; associated with the

message and sends

where T; = (t;—Qa, (2;S; +Uy,)) mod A; € Cy 4, U; is the channel coding dither
uniformly distributed over V; and is known to the relay node, U, is the quan-
tization dither uniformly distributed over V,. From the dithered quantization
property, X; is uniformly distributed over V; and is independent of T;.
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Encoding at the Relay Nodes. The relay receives Y3 = X14+Xo+S14+So+7Z3
and computes

Y~v3 = (Ong — U1 — Ug) mod /11
= [Tl + Ty — QA2 (T2 —aSy + Ug) — (]. — a) (X1 + Xg) + O[Zj] mod A;
= [Tg — (1 — Ol) (Xl + XQ) + OéZg] IIlOdAl

where T3 = (Tl +T2—QA2 (Tg—O{SQ —|—U2)) mod A;. Since A; C Ay C A, C Aq,
it follows that T3 € Cq41. Using the crypto-lemma, T3 is uniformly distributed
over Cq1 and independent of — (1 — a) (X1 + X2) and aZsz which can be seen

as two independent noise terms. According to Theorem 3 in [6], choosing o =
min(Pl,P3)+P2
min(Py,P3)+Pa+1"

Pr{T3 # T3} vanishes as n — oo if

the relay can decode T, successfully with the error probability

Ry < [41og (min (Py, Ps)/(min (Py, Ps) + P5) + min (P, Ps))]

Ry2 < [3log (P2/(min (Py, Ps) + Pp) + P2)]+ )

Following that R, = :z Eﬁ’g, the following inequality must be satisfied.

o2 =0”(Ag) > min (P, P3) + P,/ (min (P, P3) + P, + 1) (7)

The relay transmits X3 = (Tg + Us) mod A; where Usg is the channel coding
dither known at the user nodes 1 and 2. Again, according to the crypto-lemma,
X3 is uniformly distributed over V; and independent of T's.

Decoding at the User Node 1. The user node 1 estimates the message ws
by its received vector Y, = X3+ S; + S, + Z;.

Since the user node 1 has known the interference S, in advance, it subtracts
it from Y, to derive Y'; = X3 4+ S, + Z;. It then computes

?1 = (OzzYll + -U'q2 — U3 — Tl) mod A,
= [(T3 + U3) mod Al — (1 — 042) X3
+ Qo (Sz + Zl) + Uq2 — U3 — Tl] mod /12 (8)

= [TQ - (1 — O[Q) X3 + 05282 + oz2Z1 + Uq2] mod A2
= tg + (OéQSQ + Uq2) mod Aq — (]. — OLQ) X3 + a221 mod /12

—
=

where (a) follows from the facts that Ts = (T1 + T2 — Qa,(T2 — aSs +
Us))mod A; and the mod-lattice operation (xmod A;) mod A3 = xmod Ay
resulting from the fact A; C As.

From (8), it is easy to find that (a2Ss + Ug,) mod A, is a random vari-
able uniformly distributed over V, and independent of all the others. Thus,
(2S2+Ug,) mod Ay, — (1 — a2) X3 and apZ; can be seen as three independent
noise terms with variance o7, (1 — «)? min (Py, P3) and o respectively. Choosing

min(PLPs) -y ode 1 decodes to by lattice decoding t2 = Q4. (Y1) where

@2 = Nin(Pp,P3)+17
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Q 4, (+) denotes the nearest neighbor lattice quantizer associated with A.. The
error probability Pr {t2 #* tg} vanishes as n — oo, if

1 min (P1 Pg)
21 P. 2, e
B2 <3 Og( 2/<0q * i (P, Py + 1 ©)
Considering the inequality (7), we have

min(Pl,Pg)Jer min(P17P3) (10)
min (P, P3) + P, +1  min (P, P3) + 1

1
Ry < ilog <P2/(

Decoding at the User Node 2. The user node 2 estimates the message
by its received vector Yo. Taking similar steps as decoding at the user node 1,
we can derive the following achievable rate of the message w;

min(Pl,P3)+P2 min (P17P3) (11)
min (P, P3)+ P, +1  min (P, P3) +1

1
R < ilog (Hlln (P17P3)/(

(2) the second case Py > Ps,

For the case P, > P3, we let A; = Ay of the nested lattice chain Ay C Ay C
A. C Ay used in the first case. The second moments of both the two lattices A,
and Ay are restricted to be P3. In this case, all the three nodes will transmit
with the same average power Ps. Taking the same encoding and decoding steps
as in the first case, we can derive the following achievable rate pair (R, R2).

1 2P Ps
Ri=Ry < -log (P 12
! 2<20g(3/<2Pg+1+P3+1)> (12)

Therefore, according to Egs. (10)—(12), we conclude that the following rate
pair (R, Rg) is achievable

+ +
. 1 P, 1 P:
Ry <min§ | 3108 | —pm——r v 2108 | —r e
P1+P2+1+P2+1 2P3+1+P3+1

+ +
: 1 P 1 P
Rp < min [210% (zwim)] : [2 log (ngf_Pg)]
J iy s Ry S P31 T P31l

Next, we will show that the above achievable rate pair is within 1 bit from
the cut-set outer bound which is given by

R < min{%log(l—l—Pl),%log(l +P3)}

(14)
Rg S mln{%log(l—kpg),%log(l—&—Pg)}
Considering (13) and (14), we can conclude that
3 log <P1+P2Pl Pz) > 3 log <Pl+P2P1P1+P2)
PiiPytl T Pail PiiPytl T PiiPytl (15)

o[

= 110g< Py erl)*
>1llog(1+P)—1
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where the last inequality is due to the fact % log (ﬁ + P1) > % log (1+ Py) —%

which has been shown in [6]. Similarly, we have

1 P 1
Pi+Py+1 P1+1

1 P. 1

“log <2P3> > “log (14 Py) — 1 (17)

2 3 4 2
2P3+1 P3+1

The three inequalities (15)—(17) show that the achievable rate region derived in
this paper is within 1 bit from the cut-set outer bound.

3.2 Achievable Rate Region When Relay Knows Both S; and S>

When the relay node knows both interferences S; and Ss, it can subtract the two
interferences before decoding since the interferences are additive. Therefore, the
uplink (the channel from the two user nodes to the relay node) can be viewed
as a clean channel. The downlink (the channel from the relay node to the two
user nodes), however, is dirty. The relay node helps to eliminate the interferences
with dirty paper coding.

Theorem 2. For the dirty Gaussian two-way relay channel, when relay node 3
knows both the interferences S1 and Sa, the rate region which is the closure of
the set of all points (R1, R2) satisfying

R; < min [% log (P1+P2 —|—P1>] [%log (1 +P3)]+

< { [ (i - 2)] et}

is achievable and is within 1/2 bit from the cut-set outer bound, where [1‘]+ =
max {z,0}.

Remark 2. The achievable rate region derived in Theorem 3 is the same as that
derived in the work of Nam [6] in which the two-way relay channel is not cor-
rupted by extra interferences. This means that the interferences can be elimi-
nated completely by the relay node with dirty paper coding when the relay node
knows all the interferences in advance.

Proof. Again, without loss of generality, we assume P; > P, and construct a
good nested lattice chain A; C Ay C A, C A, where the second moment of each
lattice is constrained to be o2 (A;) = min (P, Ps), 02 (A3) = P2, 02 (A.) = 02
and 0? (Ay) = 07, Ay, A3 and A, are both Rogers good and Poltyrev good while
A, is Poltyrev good. Two codebooks C; = {A. NV (A1)} and C; = {A. NV (A2)}
are generated.

Since the interferences S; and S; are additive and known to the relay node,
they can be subtracted from the signals received at the relay node. Therefore, the
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uplink channel can be viewed as a clean channel. Following the same steps in [6],
the relay node can estimate Ty =T; = (t1 + t2 — Qa, (t2 + Us)) mod A; with
error probability approaching 0 if the rate pair (Ry, Ro) satisfies (19), where t; €
Cy and ty € Cy are the lattice points associated with the messages transmitted
by user node 1 and user node 2 respectively.

Ry < Ylog (st + P
2 P1+P2 (19)

Ry < %10g P1+P2 + P

Having successfully decoded T3, the relay node sends T3 to user node 1
and user node 2 using Gaussian codebooks. Again, we assume P; > P, thus
Ry > Ry for the uplink. Fix a measure Py g, s,. Generate on(RitRa) .
codewords {u"(ts,ts)} each with i.i.d. components drawn according to Py.
Randomly and uniformly distribute 2"(F1+%) codewords {u™(ts,t,)} into 2"
blns each with 2% codewords. We assume one-to-one correspondence between
T3 € C; and the bin index t3 and denote it as t3(T3) It is easy to verify
t3(T3) is uniformly distributed over {1,2, ...,2"%1} since T} is uniformly distrib-
uted over C;. Knowing the interferences non-causally, the relay node searches
the smallest 7, € {1,2,...,2"f%} from the bin indexed by t3(T3) such that
u” (t3(Ts),1,) is jointly typical with s} and sj. By the covering lemma [14],
if Ry > I(U;S1,S2), there exists at least one such codeword. The relay node
then transmits x§ = u”(tgg'i‘g), ts) — (st +s%).

User node 1 estimates T'g according to its received vector Y. It chooses one
unique codeword u (t3(T3 1),ts) € Cr1 such that u (t3(’i‘371),t~5) and Y, are
jointly typical, where

Cr1 = {u"(t3(T),ts) : T =t1 +t's — Qu,(ta + Uy),t'y € Cao,t, € [1:275]}

t, is the lattice point associated with the message transmitted by itself. Using
t, as side information, user node 1 estimates the message of user node 2 as

= (’i‘371 — tl) mod A2 (20)

If and only if T3,1 = ’i‘g, the probability that user node 1 successfully estimates
the message to = to from user node 2 tends to 1. Notice that the cardinality
of Cyp is 27(B2+8s) Thus, from the argument of GP-coding [2], the probability
that T371 #* T3 tends to 0 as n — oo if

Ry <I(U;}/1)—I(U'S]_752) (21)

By dirty paper coding, we choose a, = the decoding error probability at

user node 1 approaches 0 if

P+1’

1
Ry < ilog (1+P3) (22)

Taking similar steps, user node 2 can successfully decode message of user
node 1 with decoding error probability approaching 0 if

1
Ry < 3 log (1 + Ps) (23)
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Following (19), (22) and (23), the following rate pair is achievable

I Py T
Ry <minqglog (535 +P1) ,5log(l+ Ps)
N (24)
Ry < min %log (% + Pg) , %log(l + Ps)

The achievable rate region derived in (24) is the same as that derived in
[6] in which the two-way relay channel is not corrupted by extra interferences.
Therefore, the rate region derived by (24) is within 1/2 bit from the cut-set outer
bound.

4 Conclusions

In this paper, we consider a Gaussian dirty two-way relay channel with addi-
tive interferences known partially at some of the nodes. Achievable rate regions
are derived using nested lattice coding and compute-and-forward relaying for
two cases. The nodes which know the interference in advance make use of the
structure of the nested lattice codes to pre-cancel part of the interferences. At
the relay node, structural gain of computation coding is exploited using nested
lattice codes. With the schemes used in this paper, we show that the achievable
rate regions are within constant bits from the cut-set outer bound regardless of
the interferences.

Acknowledgments. This research was supported by National Natural Science Foun-
dation of China (Nos. 61501171, 61271232, 61401146, 61401147).

References

1. Shannon, C.E.: Channels with side information at the transmitter. IBM J. Res.
Dev. 4, 289-293 (1958)

2. Gelfand, S.I., Pinsker, M.S.: Coding for channel with random parameters. Probl.
Control Inf. Theory 1, 19-31 (1980)

3. Costa, M.H.M.: Writing on dirty paper. IEEE Trans. Inf. Theory 3, 439-441 (1983)

4. Erez, U., Litsyn, S., Zamir, R.: Lattices which are good for (almost) everything.
IEEE Trans. Inf. Theory. 10, 3401-3416 (2005)

5. Smirani, S., Kamoun, M., Sarkiss, M.: Wyner-Ziv lattice coding for two-way relay
channel. In: IEEE International Conference on Advanced Technologies for Com-
munications, pp. 207-212. IEEE Press, New York (2012)

6. Nam, W., Chung, S.Y., Lee, Y.: Capacity of the Gaussian two-way relay channel
to within 1/2 bit. IEEE Trans. Inf. Theory 11, 5488-5494 (2010)

7. Song, Y., Devroye, N., Shao, H.R.: Lattice coding for the two-way two-relay chan-
nel. In: IEEE Symposium on Information Theory, pp. 1312-1316. IEEE Press,
New York (2013)

8. Sagar, Y.T., Yang, J., Kwon, H.M.: Achievable rate of a two-way relay channel
with structured code under Rayleigh Fading. In: IEEE International Conference
on Networking and Communications, pp. 644-648. IEEE Press, New York (2014)



10.

11.

12.

13.

14.

Capacity Region of the Dirty Two-Way Relay Channel 315

Zamir, R., Shamai, S., Erez, U.: Nested linear/lattice codes for structured multi-
terminal binning. IEEE Trans. Inf. Theory 6, 1250-1276 (2002)

Philoso, T., Zamir, R., Erez, U.: Lattice strategies for the dirty multiple access
channel. IEEE Trans. Inf. Theory 8, 5006-5035 (2011)

Song, Y., Devroye, N.: Structured interference-mitigation in two-hop networks.
In: IEEE Information Theory and Applications Workshop, pp. 1-6. IEEE Press,
New York (2011)

Erez, U., Zamir, R.: Achieving 1/2 log(1+SNR) on the AWGN channel with lattice
encoding and decoding. IEEE Trans. Inf. Theory 10, 2293-2314 (2004)
Krithivasan, D., Pradhan, S.S.: A proof of the existence of good nested lattices.
UM CSPL Technical Reports Series (2011)

Gamal El, A., Kim, Y.H.: A Proof of the Existence of Good Nested Lattices.
Cambridge University Press, Cambridge (2011)



	Capacity Region of the Dirty Two-Way Relay Channel to Within Constant Bits
	1 Introduction
	2 Channel Model and Lattice Coding Preliminaries
	2.1 Channel Model
	2.2 Lattice Coding Preliminaries

	3 Main Results
	3.1 Achievable Rate Region When the Two User Nodes Know S1 and S2 Respectively
	3.2 Achievable Rate Region When Relay Knows Both S1 and S2

	4 Conclusions
	References


