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Abstract—In this paper, we address the proportional fair (PF) FD MIMO interference channel. Recently, the interest on
issue of aK’ link full-duplex (FD) multiple-input multiple-output ~ MIMO channels has migrated from the point-to-point MIMO
(MIMO) interference channel, where each link consists of tWo 5,4 MIMO downlink channel. to the MIMO interference
FD nodes exchanging information simultaneously. The nodes . . . ’ . .
in each pair suffer from self-interference due to operating in channel, since it is the inherent model behind many p'faCt!Ca
FD mode, and inter-user interference from the nodes in other Problems [15], and the performance of cellular communacati
links due to simultaneous transmission from each link. The PF systems where each cell causes interference to other eglls c
issue is important for networks with asymmetric topology and/or  pe studied by focusing on MIMO interference channels [16].
asymmetric traffic demands. We demonstrate that the proposed |, this paper, we consider & link MIMO interference

algorithm provides a good trade-off between sum achievable rate h | h h link h " D d h .
and rate distribution for asymmetric links, and moreover we CN@nnel, where each link has two noaes exchanging

show that the sum-rate achieved by FD mode is higher than the information simultaneously. The nodes in each pair suffer

sum-rate achieved by baseline half-duplex (HD) schemes. from self-interference due to operating in FD mode, and
Index Terms—Full-duplex, MIMO interference channel, pro- inter-user interference due to simultaneous transmisfsamn
portional faimess, self interference. each link. In practice, due to the different distances (and

corresponding path losses) of the nodes, fairness issuagamo
the nodes may arise when allocating transmission resotwces

Recently, full-duplex (FD) communication, which enablesodes to maximize the sum-rate, and thus there is generally a
receiving and transmitting on the same channel simultarteade-off between system throughput and fairness. Therefo
ously, has been proposed to meet the spectral efficiertbg fairness issue is particularly important for networkghw
requirements of next generation wireless communicati@ syasymmetric topology and/or asymmetric traffic demands.
tems. Spectral efficiency gain of FD systems over half-duple To address the fairness issue for FD MIMO interference
(HD) systems, in which reception and transmission is pethannels, we use a proportionally fair (PF) utility functio
formed on orthogonal channels, has been studied thedhgticavhich was proposed in [17] and later also was applied in [18]-
in [1]-[8], and experimentally in [9]-[14]. [20]. We maximize the sum of the logarithm of the achievable

The limiting factor on the performance of FD systems is th&te of each node in the network subject to individual power
self-interference at the front-end of the receiver cre@ethe constraints at each node. The PF notion is automatically
signal leakage from the transmitter antennas of a FD nodeambedded in such a utility function, since maximizing the
its own receiver antennas. Promising results from experiade logarithmic utility function, yields a good balance betwee
research that demonstrate the feasibility of FD radiosgusisystem throughput and fairness [20]. We develop a Gradient
the off-the-shelf hardware are available in [9]-[14]. Sirntbe Projection (GP) method [21] to solve this non-convex opti-
self-interference cannot be canceled completely in practimization problem, and demonstrate that incorporating the P
due to channel estimation errors, and imperfections oforadiotion into the sum-rate maximization problem typicallglgis
devices such as amplifier non-linearity, phase noise, a@@d & near maximum sum rate for asymmetric networks while a
channel imbalance, optimization problems (power allacgti relatively even distribution of link rates can be maintaine
transceiver beamforming, etc.) related to FD systems undédoreover, simulation results show that the proposed FD
this residual self-interference were considered in [1]-[8 system outperforms the baseline HD systems.

To the best of our knowledge, all the papers on FD bi- The following notations are used in this paper. Matrices
directional systems consider a single pair of FD nodes, exAad vectors are denoted as bold capital and lowercasesletter
changing information simultaneously [1]-[8], and no papeespectively(-)T and(-)¥ are the transpose and the conjugate
has studied FD systems under multiple pair of nodes, itganspose, respectivells; is the N by N identity matrix; ti(-)

is the trace;|-| is the determinant; diagA) is the diagonal

The research leading to these results has received fundinmuit from  matrix with the same diagonal elements As CA (M-,UQ)

the European Union Seventh Framework Programme (FP7/2008)-20tler . . .
denotes a complex Gaussian distribution with meamnd

grant agreement number 316369 - project DUPLO, and in part fifoen A o ;
Academy of Finland under Grant 260755 - Project Juliet. variances?. | denotes the statistical independence.
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| Noga 1" | ! I | Noder™ | wherex\”) ~ CN (O,QZ(.“)> is the signal vector transmitted

. by nodei(@, i e {1,...,K}, a € {1,2}, andn!” € CV is
L : the additive white Gaussian noise (AWGN) vector at ngde
: L v with zero mean and unit covariance matrix. In (4),denotes
Node : N // P\ | o the average power gain of theth transmitter—.receiver paify;;
J i denotes the average power gain of the self-interferenaenetha
< Aem at thei-th pair, andr;; denotes the average power gain of the
! :</ Ve e interference channel between the nodes atittie and j-th
awy N W pair.
S O AN In (1), ¢ e €V, i€ {1,....K}, a € {1,2} is the
F transmitter noise at the transmitter antenna of niétle which
ST | Nede models the effect of limited transmitter limited dynamiage
(DR) and closely approximates the effects of additive pewer
amplifier noise, non-linearities in the DAC and phase noise.
The covariance matrix o{:E“) is given byx (k < 1) times
| Node K" | * t | Node K | the energy of the intended signal at each transmit anterjna [1
‘ In particularcga’) can be modeled as

Fig. 1. Bi-directional full-duplex MIMO interference chael. ) LN (0’ « diag (Q(“))) 7 @ | ylo) )

Node ;"

- — —

0

M

In (1), e € CV, i € {1,...,K}, a € {1,2} is the
II. SYSTEM MODEL additive receiver distortion at the receiver antennas afeno
) ) ) i(»), which models the effect of limited receiver DR and
In this section, we describe the system model of a FRosely approximates the combined effects of additive -gain
MIMO interference channel as seen in Fig. 1. Each pair §pntrol noise, non-linearities in the ADC and phase noise.
the system is equipped with multiple antennas and exchangggs, covariance matrix oé,E“) is given by 3 (8 < 1) times

information simultaneously in a two way communication. Wene energy of the undistorted received signal at each receiv
assume that each node hasphysical antennas that can be,\tanna [1]. In particulana(“) can be modeled as

used for simultaneous receiving and transmitting at theesam
carrier frequency [14]. el ~ N <O7ﬂdiag (@E”)) ;e L ul, (3)

As illustrated in Fig. 1, the nod&®, i € {1,...,K},
a € {1,2} receives signals from all the transmitters in thwhere®!™ = Cov{u("’} andu" is the undistorted received
system via MIMO channelngjw € CNXN s the desired vector at the node(@, i.e. ul(.“) = yg‘” —ef.a). This transmit-
channel between nodeandb of the i-th transmitter-receiver ter/receiver distortion model is valid, since it was shown b
pair, where(a,b) € {1,2} andb # a. ng") € CNxN 4 ¢ hardware measurements in [22] and [23] that the non-igealit
{1,2; denotes the self-interference channel of the ngde of the transmitter and receiver chain can be approximated by
HE‘.’b € CN*N (a,b) € {1,2} denotes the interference@n independent Gaussian noise model, respectively.
channel from the transmitter antennas of the néode the  Since node(®) knows the interfering signat(*’ and chan-
j-th pair to the receiver antennas of the nadén the i-th nel matrix H*", the self-interference term/ﬁiiH,Ef“)xﬁa)
pair, (i,5) € {1,..., K} andj # i. All the channel matrices can be cancelled [1]. The interference canceled signalrem t
are assumed to be mutually independent and the entriesbefwritten as

each matrix are independent and identically distributed(j (@) (a) _ (a0 (@)

circular complex Gaussian variables with zero mean and unit yio = ve — Vi

variance. = \/@Hgf Vx4 v, (4)
We consider a FD bi-directional MIMO interference Chann%here +v(@ is the unknown interference components of (4)

that suffers from self-interference and interference fiatimer Y

. ; . I . after self-interference cancellation and is given by
pairs. Thus, nodeé(®) receives a combination of the signals

transmitted by all the transmitters and noise. TNex 1 v = \/ﬁngLwcgb) + ﬁquf Vel + e*) 4 nf®
received signal at nodé® is written as K 2
£ 30D v Y (x4 el). ©
V19 = VBB (< 4 ) + 7, B (<9 + 7
K 2 Similar to the derivation in [1], using (2)-(3)2,(-0'), the
+ Z Z Vij HE;C) (X;C) + C4<;'c)) +e® covariance matrix of (), can be approximated, under< 1
J#i e=1 and 8 < 1, as in (6) shown at the bottom of the following

+n§“), ie{l,....,K}, (a,b) € {1,2}, a #b, (1) page.
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The noisevZ@ is non-Gaussian because of the trans 3

mitter/receiver distortion in (5). However, it is known tha A s *
the Gaussian distribution is the worst case from a mutuz gz;ﬂungg
information perspective among all noise distributions][24d Fa gzi:c\yer:gg F
thus assuming'®’ as Gaussian, gives us the lower bound c fﬁlsi - NPF-Weak |
mutual information [24]. The lower bound of the achievabli i
rate of the nodeé(*) , under Gaussian signaling, can be writtel 3 10- 8
as d ¥ |
H -1
(a) _ (ab) ~(b) (ab) (@)
Ii —10g2 IN+p’iHii Q1 (Hu ) (Ez > . (7) EED) 20 SNéO(dB) 20 50 60

I1l. PROPORTIONALFAIR BASED SCHEME
. . . .. . Fig. 2. Average per-user rate comparison of PF and NPF schéi&s—=
Following the idea used in [18]-[20], PF based optimizatiopodB, INRg; = 40dB, N = 3, K = 10, k = 8 = —40dB.

problem can be formulated as:

K 2

max Zln (Ii(a)> ®) is a scalar. Now we need to project the mat@b) onto

Q i1 a=1 the feasible region defined by (9) and (10). Projectmﬁ)
. onto the feasible region, and a general form of the GP
() algorithm (steps for the update of power allocation, Armijo

s.t tr{ng)} < Pi(b>7 i=1,...,K, b=1,2, (9) rule, convergence criterion, etc.) is similar to that in][21
which we will not repeat.
QY >0, i=1,... K b=12, (10)
where we use the following definition for a stacked ma@x IV. NUMERICAL RESULTS

T
Q2 [(Q§1>>T7 (Qf))T’m’ (QQ)T’ (Q(I?)T} , P")  We compare our proposed algorithm with the algorithm
) ! _ ] ] that directly maximizes the sum-rate (the same optiminatio
in (9) is the transmit power constraint at the natle. _ roblem in (8)-(10) without the logarithm ternip in (8)),

We now develop an algorithm to find a local Opt'maﬁamed as Non-Proportional Fairness (NPF). We assume that
solution to the problem (8)-(10) by following the GP techine nodes in the system have the same transmit power con-
nique [21]. Two major parts of the GP algorithm are: thgtraint, e, PP = N, i=1,... K. b=12 We define
computation of the gradient of the objective function, ael t gjona1to-noise ratio (SNR) of the nodes in theh pair as
projection of the gradient onto a feasible set. The gradiént SNR, 2

HOfH : . ) £ p;N, and the nominal interference-to-noise ratio
the objective function with respect @, is written as (INR) from the nodes in thg-th pair to the nodes in theth

o [61 (Q)}* pair asINR;; = n;;N, i # j. We consider an asymmetric

(11) network with K'/2 strong links andk /2 weak links, i.e.,

Q"
- SNR+10dB i=1,..., &
i vative?(Q) i SNR; = A
where the partial derlvatlveW is shown in (12) at SNR i:§+1,...,K.

the bottom of the following page. In (12)X§"') = o ) ,

(ab) ~ (b) (a)\ 7 (@) We also setINR;; = INR, 4,5 = 1,...,K, i # j, and
pilG; Q7 (Hy; ) + (a,b) € (1,2), a # b, andIL;"™", s0- NR,; which corresponds the INR of the self-interference
called interference sensitivity matrix, is defined in (18)Yf® channel at the nodes in theth pair, is denoted a$NRg;.
bottom of the following page. The performance of all algorithms are compared in terms of

After the gradientG(.b) is obtained, the covariance matrix(a) the per link rate averaged over strong links, (b) the per
ng) is updated toQEb by ng) = Ql(.b) + SGZ(-b) where s link rate averaged over weak links, and (c) the per link rate

57 = puVdiag (@) ()" nr g (@) (1) + o (1@ (1))

K 2
+ fn.diag (HE?‘”QE“) (i) H) + 2> Budiag (HE?” Q)" () H)

j#i e=1

C S G (@ + ran(0f)) (7)1 o

j#i =1
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averaged over all links, defined as follows: 120

T
-©FD
8- FD-TDMA|

100 1

2
Z I(“)(U XEB—TDMA

A
Cstrong =

Cweak £ LXL: i 22:[@)([)»
LK i =% 41 a=1 Z 4ﬁ‘\\ |
K2
Caverage 2 2/:1 SIS0,

a)(l . . .

Where]i( h denOtPfS the achievable rate of the nofdéin (7) g. 3. Sum-rate comparison for different schemes veilsNRg;. Here
for the I-th realization. The parameters for the GP algorithrg — 4, N — 4, SNR = 25dB, INR = 0dB, x = 3 = —30dB.
iss=1, 0 =01, # =05, ande = 0.01.

Fig. 2 illustrates the per-link achievable rate for PF and
NPF schemes with respect 3R, over L = 100 realizations. self-interference). Particularly, in the first (secondheti
Since PF algorithm is not designed to maximize the sum-rate, slot, all the nodes on the left (right) in Fig. 1 transmit to
it yields lower Caveragethan NPF, however the difference is their pairs on the right (left).
very small. It can be seen that the differenCgiong — Cweak o HD-TDMA : All the nodes transmit sequentially, so we
is big in NPF scheme compared to PF scheme, and thus PF need2K time slots (no inter-user interference, no self-
scheme avoids starvation of users at ISWR. Therefore it interference).
can be concluded that PF scheme appears to have the beshe effect of the self-interference on the proposed and
trade-off between sum-rate and fairness. baseline schemes is examined in Fig. 3. The performance of

In our last example, we have compared our system, in whigih system drops below that of HD and HD-TDMA schemes
all the pairs operate in FD mode, and transmit at the same tij}@undINRg; = 45dB andINRg; = 65dB, respectively.
(both self-interference, and inter-user interferencestgxvith
the following baseline systems: V. CONCLUSION

« FD-TDMA: All the pairs in the system operate in FD In this paper, we have investigated the fairness issue of FD
mode, but transmit on different time slots, like TDMAMIMO interference channels for asymmetric networks. The
(only self-interference, no inter-user interference). proposed algorithm is shown to provide a trade-off between

« HD: All the pairs in the system operate in HD mode, busum-rate and fair distribution of data rates in comparison t
transmit at the same time (only inter-user interference, tioe NPF algorithm that maximizes the sum-rate directly.
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Q"
= I(la) |:11’}2 Pi (ngab)> " (iia) + X£a>) B ngb) — pmdlag ( (Hilaw) " HE“>H§ZLZ)>> _ Pzﬁ <H£;1b)) i dlag (HEG)) H'E:lb):| g
g K 2 1 (cb) H (¢) gy (ch) . (cb) H (€)g (cb) (ch) H © () T
_ ;2:1 W [Tm <Hji ) I1; Hji + Tijmd|ag((Hﬁ ) IT; H]-i ) + 158 (Hji ) dlag(l‘[j ) Hji }
17 C= J
% {mmdiag ((Hﬁf”)) " HE“H,E,?”) + 1B (Hﬁf’”)H diag (Hgb)) Hgf”)} " (12)
[

(3

T
H /. (o)1
e () (7))

=log, e (a;@tr { (IN + X (2541))—1) -1 X (25@)) -1 821(;&) (25!1))—1})7"

0
o = - <a log,
oz

K3

—togye ((517) - (x4 27) ). 13
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