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A Feasible Scheme for the Backward Transmission in the
Three-User X Channel with Reciprocal Propagation Delay

Feng LIU", Helin WANG', Conggai LI'"®, Nonmembers, and Yanli XU', Member

SUMMARY  This letter proposes a scheme for the backward transmis-
sion of the propagation-delay based three-user X channel, which is recipro-
cal to the forward transmission. The given scheme successfully delivers 10
expected messages in 6 time-slots by cyclic interference alignment without
loss of degrees of freedom, which supports efficient bidirectional transmis-
sion between the two ends of the three-user X channel.
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1. Introduction

Recently, the propagation-delay (PD) based X channels have
been studied for high transmission efficiency, which is suit-
able for scenarios with different path PD among links such as
the satellite or underwater acoustic communications. Most
existing works focus on unidirectional transmission to max-
imize the achievable degrees of freedom (DoF), including
the unicast message case [1]-[5] and the multicast case [6].

However, bidirectional transmission is often involved
in practical communications. Given a scheme for forward
transmission, it is important to provide the corresponding
scheme for the backward transmission. Unfortunately, the
reciprocity property shown in [7] cannot be applied to the
PD-based X model.

In this letter, we address the reciprocal design for the
PD-based three-user X channel [8]. The reciprocity of the
PD structure and the message configuration is exploited to
maximize the achievable DoF.

2. System Model

The system model for the three-user X channel is shown in
Fig. 1. On the left, the forward transmission for messages

{V)Vi 7} happens from three transmitters S;, j = 1,2,3 to three
receivers T;, i = 1,2,3, where 7;; denotes the PD between
receiver T; and transmitter S;. The backward transmission
on the right shows the reciprocal model of the forward trans-
mission, i.e., T; sends message Wji to §; viathe PD 7j; = 755,

To maximize the achievable DoF, we consider the for-
ward transmission scheme given in [8]. The transmitted
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Fig.1  System model of forward and backward transmissions with recip-
rocal PD for the three-user X channel.

polynomial from S; is
_v>1(x) :W/U + x2W/21 + x3V>V;1 + xstgl mod (x6 -1
()
_1))2(}() = WIZ + xzv)sz + X4W/32 mod (x6 - 1) (2)
— _wW 190 2 6
v3(x)—W23+x Wiz + x“Wi3 mod (X —1) 3)

The corresponding PD polynomial matrix is

- xT]] xT]z x‘l‘13 XO xl x2
D=| x™ x™ x™ [=| x% ¥ x* 4)
XT3 xT32 733 xO xO xO

With the above configuration, each receiver 7; obtains its
signals by computing

7i(x) = B(i, o7 mod (x" - 1) 5)

and selects its required messages via cyclic interference
alignment. Here ¥ = (7' 1(x), 72(x), 73(x)). In this way,
ten messages are forwardly sent in six time-slots, which gives
the DoF of 5/3 as shown in [8].

For the backward transmission of the above scheme, its
PD matrix is

“ x’ xY X
D=D"=| x' ¥ x° 6)
x2 x*t X0

Our goal is to find a feasible scheme for the backward trans-
mission by determining its transmit polynomials { v} with
the same DoF as the forward transmission.

3. Proposed Scheme

Since the backward transmission is the reciprocal model of
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the forward one, the backward messages {V(Vﬁ} include Wl 1
— — = = e
Woi, W31 from Ty, Wia, Was, W3, from T, and W13, W13,
WB, W33 from T5.

The transmit polynomials are set as

<U—1 (x) = ng,] + X4W21 + XSW“ mod (x6 - 1) (7)

— — 36 PR 6

v z(x) = XW32 +x°Wia + x"Wop mod (X - 1) (8)

— — — — —
v3(x) = W%3 + xWos + xZWi3 +x*W33 mod (x®—1)

)
Then, we check the receive polynomial at S; by
— _ S NeT n
ri(x)=D(j,)v mod (x" — 1) (10)

where 9 = (V7 (x), V2(x), 93(x)).
By (6)-(10) and n = 6, we obtain
(0 =D(1,)97T  mod (x5 — 1)
=x"01(x) + x°05(x) + x°T3(x) mod (x4 - 1)
_ . 5% 357 2%51 | 2
=W +x"Wi +x W13 +W13
16 — —
+x (W31 + Way + Wa3)
+ x4(V(72| + W22 + W33) mod (x6 — 1)

(11

. & e e
It shows that at S the four required messages W11, W2, Wi,

and VHV% are located at the sixth, fourth, third and first time-
slots in each cycle without any interference, respectively.
Similarly, there is
T (x) 55(2, )97 mod (x° - 1)
=x'01(x) + X0 (x) + xX°T3(x) mod (x6 - 1)
56 36 —
=x"Wo + x"Wop + xWops
— — —
+ xO(WU + Wz + W%)
0 & — |
+ X (W31 + Wi+ W13)
+ x4W33 mod (x® - 1)

12)

—
Thus S, respectively obtains its three desired messages W1,
— —

Wy, and Wo3 from the sixth, fourth, and second time-slots in

each cycle with no interference. Finally, the receiver 73 has
30 =D3,)9T mod (x5 — 1)
=x>01(x) + x* 05 (x) + x°T3(x) mod (x4 - 1)
36 56 46
=x Wi +x Wi +x"Was
— — — —
+x0(Way + V(V%) +x (Wi + Win + Wa3)

+ xz(sz + Wb) mod (x6 - 1)
13)
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which indicates that the fourth, sixth, and fifth time-slots re-
—
spectively contain the three interference-free messages W3y,

Wn, and W33, while the remaining time-slots are occupied
by aligned interferences.

In summary, all ten messages are successfully delivered
through the backward transmission in six time-slots, which
obtains the same DoF as the forward channel. Therefore, the
goal has been achieved.

4. Conclusion

Under the reciprocal message and PD structures, the pro-
posed scheme for the backward transmission achieves the
same DoF as the forward model of the three-user X channel.
It easily enables bidirectional communications in practical
scenarios.
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