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Abstract— This paper considers the so-called Multiple-Input-
Multiple-Output interference channel (MIMO-IC). We addre ss
the design of precoding (i.e. beamforming) vectors and powe
control at each data stream with the aim of striking a comprornise
between beamforming gain at the intended receiver (Egoisngnd
the mitigation of interference created towards other receiers
(Altruism). Combining egoistic and altruistic beamforming has
been shown previously to be instrumental to optimizing the
rates in a Multiple-Input-Single-Output (MISO) interfere nce
channel [1], [2] and MIMO-IC [3], [4]. Here we extend these
concepts to multi-stream scenarios and further improve therate
performance by allowing power control which is not addressd
in previous interference alignment related works. The key dea
behind power control in interference coordination schemesis
that it can help restore feasibility conditions in the high NR
regime, thus avoiding a saturation of the sum rate. Our analgis
and simulations attest improvement in terms of complexity ad
performance.

|I. INTRODUCTION

In point-to-point wireless networks, such as multi-cell

MIMO systems and cognitive radios, interference coordiimat
is of utmost importance: with the lack of interference céord
nation, excess system interference saturates the sunsrtte a

SNR increases. On the other hand, if interference is métat
completely, the sum rate scales indefinitely with SNR and the

maximum degree of freedom can be achieved.

side in the large SNR regime. In the finite SNR regime, we
point out that it is not optimal to make IA fully feasible, as
shutting down fewer links (than strictly necessary for |Agyn

be better in terms of sum rate. Binary power control can be
seen as a low-complexity version for the continuous power
control presented in previous MIMO interference channel
contributions, such as [6]. This concept remains partityla
useful in increasing the sum rate, compared with traditibha
techniques, which do not account for power control. Binary
power control is shown to be sum rate optimal in the 2-user
IC and close to optimal in multi-user IC [11].

In this paper, our contributions are as follows:

« We extend the game-theoretic egoistic and altruistic
beamforming methods to multi stream MIMO-IC. We
derive analytically the equilibria for so-called egoistic
and altruistic bayesian games [12] where players (data
streams) do not have access to complete channel state
information (CSI), which is the situation in distributed
precoding.

« With binary power control, we show that our algorithm
scales indefinitely when SNR grows in the IA infeasible
region, which is not addressed in the recent interesting
iterative 1A based methods such as alternated subspace
optimization and iterative maximum SINR precoding [7]-

9.

The linear combination of the egoistic (Maximum Ratio
Transmission, MRT) and altruistic (Zero-forcing, ZF) beam " W _
formers is proved to be pareto optimal in the 2-user MISO rate, especially in the case of asymmetr!c networks W_here
IC [1], [2]. In [3], [4], we extend this idea to MIMO IC. The IA methods are unab_le to p_rope_rly weigh the contribu-
proposed egoism and altruism balancing beamforming design tions on the different interfering links to the sum rate.
algorithm achieves sum rate close to rate optimizationrseise
[5], [6] and outperform IA techniques [7]-[9] in asymmetric
networks (when some receivers suffer from out of coordamati o Notations
group interference.)

In rate optimization and IA works without power control, The lower case bold face letter represents a vector whereas
the sum rate performance saturates in the high SNR regithe upper case bold face letter represents a mafrix!
when IA is infeasible [8], [10]. To obtain sum rate thatepresents the complex conjugate transpdss.the identity
scales indefinitely with the SNR, the system must somehamatrix. V("e*)(A) (resp.V (™) (A)) is the eigenvector cor-
be brought back to a scenario where IA is again feasible. Thigssponding to the largest (resp. smallest) eigenvaluk.cf 5
can be done by shutting down a subset of transmission stredg¢he expectation operator over the statistics of the rando
in order to allow a perfect interference removal at the nemrei variable B. S \ B define a set of elements & excluding the
elements iMB. div(l, m) andmod(l,m) give the quotient and
remainder of the division of by m. C denotes the set of all
complex numbers.

« At finite SNR, we show improvements in terms of sum

This work has been performed in the framework of the Europeasarch
project SAPHYRE, which is partly funded by the European Wnimder its
FP7 ICT Objective 1.1 - The Network of the Future.
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Let N andN,. be the set of all transmitter-receiver (Tx-Rx)
pairs and the set of coordinating pait$, € N. Denote the
cardinality ofN. andN be N, and N respectively. The Tx and
Rx are randomly distributed in a restricted area. Each Tx and i,
Rx hasN,; and N,. antennas respectively. The channel from
Tx i to Rx j H;; € CN-*Nt is given by:

Hj; = /ojiHji (1)

Each element in the channel matﬂﬁ(ﬁ is an independent
identically distributed complex Gaussian random variatit
zero mean and unit variance ang; denotes the slow-varying
shadowing and pathloss attenuation.

For simplicity, each Tx is assumed to transmit the same
number Of data st.reamsysl _S mm(Nt’NT)' The transmit Fig. 1. Limited channel knowledge model for an example ohdraitter,
beamforming matrix of Tx is W; € CNt*N= with column  nhere Tx ., indicated by dotted lines, and an example of receiver, Rere
vectorsw;i, ... w;y, and the receive beamforming matrix ofL, indicated by solid lines.

Rx i is V; € CN=>*Ns with column vectorsv;y,...v;y.. As

in several important contributions dealing with coordioat

on the interference channels, we assume linear precoding {02} may be quite different from each other [18]. We
(beamforming) [1], [8], [13]-[16]. With the noise variane¢  assume the out of cluster interference to be white due to the
at Rx i , the received signal-to-interference-and-noise ratigrge number of Tx in the network and relatively small cluste

|
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(SINR) of data streank of Rx i is size.
o [VEH w2 P @
T T +o? B. Limited Channel knowledge

where P, is the transmit power of stread of Tx ¢ andZ To allow for overhead reduction and a better scalability
is the received interference power of data strdaof Rx i of multi-cell coordination techniques when the number of
coordinated linksN, is large, we seek solutions which can

Lir = Z Vi EL W jom | P ®) operate based on limited, preferably local, CSI. Althouudre
(g:m)€lix may exist various ranges and definitions of local CSI, we
with I;; being the set of streams that would interfere streaassume the devices (Tx and Rx alike) are able to gain direct
k of Tx i. knowledge of those channel coefficients directly connetded

'y o, . . them, as illustrated in Fig. 1.
T ={G,m)IG # tm=1,..., NJJURU,m)lj = i,m # k} The set of CSI locally available (resp. not available) at Tx

) . , 1y ic defi :
The power constraint at each TxXs i by B; (resp.B;") is defined by:

Ns B, = {Hji}j:1 ,,,,, N, B% = {Hkl}k,lzl...NC \Bl (8)
Zpik =P ®) Similarly, define the set of channels known (resp. unknown)
=1 at Rxi by M; (resp.M;") by:

A. Receiver design M; = {H;; }jzl N Ml# = {Hkl}k,lzl...Nc \M;.  (9)

The Rxs are assumed to employ maximum SINR (Max—_ Additional receiver feedbackBecause local CSI is insuf-

SINR) beamforming throughout the paper so as to also maxi-. . )
mize their rates [17]. The receive beamformer of strdaof ficient to exploit all the degrees of freedom of the MIMO

Rx i is classicallv ai by: IC [8], some additional limited feedback will be considered
X 1 1S classically given by where indicated, in the form of feedback of the beamforming
B C’g}kHiiwik 6 matricesv; used at the receiver. In reciprocal channels, the
|Crix THywig| ©) feedback requirement can be replaced by a channel estimatio
. . . . . step based on uplink pilot sequences.
whereCg;i. is the covariance matrix of received interference P P P q

and noise of strearm at Rxi:
Il1l. BAYESIAN GAMES ON INTERFERENCE CHANNEL

Crir = Z Hi-fwjmwmegpfm +o/T @) Bayesian games are a class of games in which players must
(G,m) €l optimize their strategy based amcomplete state information
Importantly, the noise will in practice capture thermals®i [12], and are hence particularly well-suited for distribait
effects but also any interference originating from the oé¢he optimization problems. The definition of the bayesian game
network, i.e. coming from Txs located beyond the coordorati follows closely with [3], [4] and is summarized briefly in tab
cluster. Thus, depending on path loss and shadowing effedts

Vik



player! data streank of Tx ¢ where

i = div(l, Ny) + 1, k = mod(l, Ns) where E;;, will .de_note the egoistic equilibrium matrixfor
le M={1,...,Ne x N5} streamk of Tx 4, given by
action set A={weCVXT w]?2=1} " -
strategy beamforming vector of strearh of Tx 1, E;, = Hii VikvikHii
wir € Ayt = div(l, Ns) + 1,k = mod(l, Ns) o L E
ili i i ic Al e Higw;;9°
utility function S urANONS SR and the corresponding Rx is given by, = &k i
: |CRrir ™ tHi w99
egoistic : received SINR of stream (12) : . ac
altruistic - negative interference caused by streafi5) Proof: The knowledge of receive beamformers decorre-
Belief unknown channel statistics;- lates the maximization problem. The maximization problem
as gaussian distribution can be written as
common knowledge utility function and channel statistics

Ego Pz Hp )
TABLE | Wi = aIg I\:/Il‘l)j,)él gBT% {Iik T 0i2 } wipBEawi.  (14)
SUMMARY OF BAYESIAN GAME .. . . . .

The egoistic-optimal transmit beamformer is the dominant

eigenvectow 9 = V (ma®) (E,; ). =

A strategy of player, here refers to beamforming designg  ajtruistic Bayesian Game

w; (See table 1), is a deterministic choice of action given in- The altruistic utility of k at Txi is defined h in th
formationB;. A strategy profileW* = (w%,, w* ) achieves e altruistic utility of streant at Tx is defined here in the

the Bayesian Equilibrium ifv7, is the best response of playelsense of minimizing the expectation of the sum of interfeeen
[ given strategiesw* ;, for all other players. The optimal power towards other streams.

transmit beamformer of playel, w},, is characterized by W(Win, Wi, By, BE) = — Z |fomHﬁWik|2 (15)
the argument maximization of the expectation of the utility

. (‘am)eﬂi
function u(.): ! *

N Theorem 2:The best-response strategy of strefamf Tx i
wiy, = argmax &g { u(Wik, Wy, B, Bi)} (10) in the altruistic Bayesian game is given by:

We can formulate the bayesian game as
GP = [M,A,B}, {u}]. (11)

Note that, intuitively, the player's strategy is optimizbyl where A ;,,;;; will denote thealtruistic equilibrium matrix

averaging over the distribution of all missing CSI. Theitytil for stream k of Tx i towards streamm of Rx i. defined
function u(.) as well as the statistics of the channels ane J:

Y Ajmir = Hiiv;,vil Hj;. The corresponding receiver is
assumed to be_ common knowledge_. o e

In the following sections, we derive the equilibria for soVik = 16, Howoe|
called egoistic and altruistic bayesian games respectively. ~ Proof: The altruistic utility can be rewritten as
These equilibria contribute extreme strategies which do new/i(3" ;. cr,, Ajmit)Wir. Since thev;,, are known from
perform optimally in terms of the overall network perforfeedback, the optimadv;; is the least dominant eigenvector
mance, ye_t can be eproit_ed as compc_)nents of more genafathe matrixz(j_’m)eﬂik Ajmik. [ ]
beamforming-based coordination techniques.

wAlt — 7 (min) Z Ajmik (16)

(g,m) €l

V. SUM RATE MAXIMIZATION WITH RECEIVE
IV. BAYESIAN GAMES WITH RECEIVER BEAMFORMER BEAMFORMER FEEDBACK

FEEDBACK From the results above, it can be seen that balancing

We assume that each Tx has the local CSI and the addgg@uism and egoism can be done by trading-off between the
knowledge of receive beamformers through a feedback chagminant eigenvectors of the egoistic equilibriuy, and
nel. Under these assumptions, we analyze the Egoistic afighative altruistic equilibriun§A j,,,} ((j, m) € I;;) matrices.

Altruistic beamforming solutions. Interestingly, it can be shown that sum rate maximizing
precoding for the MIMO-IC does exactly that. Thus we hereby
A. Egoistic Bayesian Game briefly re-visit rate-maximization approaches such as [Bhw

dhis perspective.

Given receive beamformers as a common knowledge, _ N. <N
Denote the sum rate by = > . >, Ry where

best response strategy of streanof Tx ¢ which maximizes

the utility function, i.e. its own SINR, Ri, = logy (1 + %72‘32'%) whereZ;; is the received
vH Hyowi|2 P interference of stream of Rx i given in (3).
u(Wik, W_ix, B;, B) = ““”—M, (12) Lemma 1:The transmit beamforming vector which max-
Li + o0, imizes the sum rate? is given by the following dominant
is the following: eigenvector problem,
Theorem 1:The best-response strategy of strefwf Tx i
in the egoistic Bayesian game is o Z A?ﬁfikAjmm Wit = Jewie (17)

nggo = V(maw)(Eik) (13) (4,m) €l
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where real valueskjmik, ftmaz AT€ defined in the proof. streamk of link ¢ by 4; = Naaz Let A jmir = — 1+;Y;1%-, then
Proof: see appendix X-A . ~ ® inthe large SNR regime? — oo , any transmit beamforming

Note that the balancing between altruism and egoism in sy@ctor in 7 AP is a convergence (stable) point DBA

rate maximization is done using a simfileear combinatiorof Proof: The proof is an extension and similar to [3], [4]

the altruistic and egoistic equilibrium matrices. The balag an( js included here for completeness.

parameters{\7" ., }, coincide with the pricing parameters \we provide here a sketch of the proof. For full details, pteas

these parameters plays a key role. However, their compatatiyoyld prove that onc®BA achieves interference alignment,
is a function of theglobal channel state information. Insteadyga will not deviate from the solution.

we seek a suboptimal egoism-altruism balancing techniquéassumed interference alignment is reached and let

which only requires statistical channel information, ehil (g7 wiA ) e TAPE and (vi4 viA ) e 1AVt
exhibiting the right performance scaling Hopn ek A LAY o UL
' Let ik = Z(j,m €lp Hijwjmwjm7 Hij and Qik =

A,
Z(j,m S Hﬁvjl;:vym HH]l ) -
At the Txs: In high SNR regime);,;; becomes negative
We are proposing the following distributed beamforminmﬁnity and DBA gives w;;, = me(Q%L) (18). By (20),

algorithm with receiver feedback (DBA), to compute theQ%L is low rank and thusw;; is in the null space oRQY".

A. Egoism-altruism balancing algorithm: DBA

transmit beamformers In direct consequences, the conditiondAf(19) are satisfied.
Thl.lS,(Wll7 Ce 7WNch) S IADL.
Wit =V B+ D NjmikAjmik | - (18) At the Rxs: The receive beamformer is definedvag =
. viHiwiw i HE v ; DL ;
(j,m) €l arg max e . Since Q;~ is low rank, the

Vi Qi Vik

DBA iterates between transmit and receive beamformersgRtimal vi, would make the denominator zero and thus,
a way similar to recent interference-alignment based nuzthds in the null space oQ/". Hence,v;; € TA”". Since both
such as e.g. [8], [9]. However here, interference alignmehtix andvi; stay within AP* and7A"”", 1A is a convergence
is not a design criterion. In [8], an improved interferenc®0int of DBAin high SNR.
alignment technique based on alternately maximizing the u
SINR at both sides is proposed. In contrast, the Max-SINR
criterion is only used at the receiver side. This distinctie VI. BINARY POWER CONTROL
important as it dramatically changes performance in aertai In the high SNR regime, the residual interference saturates
situations (see Section VII). the sum rate performance when IA is infeasible. To scale the

One important aspect of the algorithm above is whetheum rate indefinitely in the IA infeasible region, binary pow
it fully exploits the degree of freedom of the interferenceontrol is required to restore the feasibility of IA. Noteath
channel as shown in [8], i.e. whether it achieves the s@dallbinary power control is shown to be sum rate optimal in 2
interference alignment in the high SNR regime. The follayvincells scenario and near-optimal in multi cell scenario [1A]

theorem answers this question positively. our scenario, a subset of the transmit streams are shut adown i
Definition 1: Interference is aligned when the followingorder to allow for a perfect interference removal at the ikece
equations are satisfied simultaneously [8]: side in the large SNR regime.

In order to obtain equations which are amenable to a simple

H e
v HijWim =0 Vi, 7, (5,m) € Lig (29) . .
Definition 2: Define the set of beamforming vectors solyPower control_ sche.me, we advocate a design guideline by
. . . . N . which the residual interference at each Rx should be made
tions in downlink (respectively uplink) interference aligent

0 be [8] on the same or_der_ of magnitude as the thermal noise (as
opposed to making it zero, as the cost of degrees of freedom
TAPY = {(wy1, ..., wN.N.): (20) on the optimization of the beamforming coefficients). Toathe
whether at least one stream should be turned off, we caryeasil
Z Hijwjmwfmﬂg is low rank, Vi, k check by comparing the re(?eiv_ed interference power to noise
(jym)elin Thus, according to our designing rule, the strefarof user:
TAUL ((Vir, o vin,) will be shut down when

Py = 0if Z, > 0 and . < Yjm, V(j,m) € L. (21)

H_ H o ; . . . .
Z iV jm Vim Hji 18 low rank,vi, k To fulfill the transmit power constraint, equal power is allo

(g,m) €lix cated to the remaining streams at each Tx.
Thus, for all (w;,...,wn,) € IAPY, there exist receive The proposed beamforming and power control algorithm
beamformersy;,i = 1,..., N, such that (19) is satisfied. ~ can be summarized as follows:

Note that the uplink alignment solutions are defined for a 1) Initialization: For each user € N, initialize transmit
virtual uplink having the same frequency and only appeae her power for each strearh = 1... N, with equal power
as technical concept helping with the proof. allocationP;, = Ni Initialize transmit beamformew ;.

Theorem 3:Assume the downlink interference alignment to a predefined vector and the receive beamforimgr
set is non empty (IA is feasible). Denote average SNR of according to (6).



2) DBA: Start the iterative beamforming procedure usin
(18) and (6).

351

3) Power Control: When DBA converges, check powe o= MaCSINR
control criteria (21). If at least one stream is shut dowi I B I
repeat DBA until power control criteria is satisfied. ¥ DaA Harc

25-

A. Low Complexity of Binary Power Control 200

Sumrate (bits/sec/Hz)

We include here briefly the pricing algorithm in [6] in the

following, for details, please refer to section Ill B in [6]. 15
1) Initialization of precoding matrices, interferenceces,
power profiles and receive filters. 10
2) lteration: for each user,

a) optimize beamformers based on given interferen S0 = 20 % % = n
prices and power profile. SR (€3)

b) optimize power profile by maximizing a non-
convex surplus function . Fig. 2. Sum rate performance for asymmetric channel of &lsystem. One

C) recompute all interference prices and receive filterék suffers severe out-of-cluster noisBBA with power control outperforms
most algorithms.

3) Repeat until convergence.
The Binary power optimization offers a complexity re-
duction advantage over a search over the continuous POVKET Asymmetric channel with out-of-cluster noise

d i d in [6]. . .
omain proposed in [6] In Fig. 2, the sum rate performance is compared among

schemes with and without binary power control on a 4 links
B. Restoring IA feasibility in high SNR system where each Tx and Rx i_s equipped with 2 antenna_ls
and each Tx sends 1 stream to its target Rx. The network is
Both [6] and DBA restore IA feasibility in high SNR asymmetric in which Rx1 has additional out-of-cluster mois
regime. In high SNR or high interference regime, the int0dB. In this scenario, IA is infeasible and turning off a
dividual rates become more sensitive towards the receiveitable link, can restore the feasibility of IA and scale th
interference. By definition, the prices are increased amcefo sum rate indefinitely with SNR in high SNR regime. Note that
the transmit power of some Tx to decrease. In Fig. 5, WeBA with binary power control outperformSR-Maxwhich
illustrate the sum rate performance of [6] with binary powetias continuous power allocation in the high SNR regime. It is
allocation. As the sum rate scales indefinitely with SNR, thgecause the power control 8R-Maxmay be affected by fast
IA feasibility is restored. However, this binary power canit fading channel coefficients and converge to a local optimal
in [6] can be affected by fast fading gains and thus in sonuint.
channel realizations, some links remain transmitting éfvére In Fig. 3, we impose a more realistic settings in which the
sum rate could be higher if they are shut down. Comparitigks suffer from different out-of-cluster noise. The rmief
to DBA, the binary power control criteria seems to be moriinks are in the ratio 1 : 2.5 : 5 : 10. The remaining channel
effective and achieve a better sum rate in high SNR and Bgttings is the same as in Fig. 2. The sum rate performance of
unfeasibility region. (see later for details) DBA is the highest among others in high SNR regime.
In Fig. 4, there are 3 links cooperating in the system. Each
Tx and Rx has 2 antennas and has 1 stream transmission. Thus,
VII. SIMULATION RESULTS IA is feasible. The noise at each Rx is the same. The system
igfasymmetric in a sense that the direct channel dajn of
#Qk 1 is 30dB weaker than other links in the network. This
set up models a realistic environment where the user suffers

method for interference alignment [9] and the sum rate opﬁz_rt?]ng stt'l_adowngBA a(ilhlevte_s sumdrate (;llobsetfl Bj;]'MaXth
mization method $R-Ma} [6]. To ensure a fair comparison with continuous power afiocation and much better than other

all the algorithms in comparisons are initialized to the ean4A based schemellax-SINRand Alt-Min.
solution and have the same stopping condition. We perform
sum rate comparisons in asymmetric channels where linRs Symmetric channels

undergo different levels of out-of-cluster noise. Define th |, Fig 5, the sum rate performance 8R-Maxis compared
Signal to Interference ratio of link to be STR; = ;\ia] with DBAIn a |A unfeasibility region, namely a 4 links system
The SIR is assumed to be 1 for all links, unless otherwiseith each Tx and Rx equipped with 2 antennas and 1 stream
stated. Denote the difference in SNR between two links transmission. The system SNR is allowed to increase to a high

asymmetric channels xS N R. value which is plotted as the x-axis. The link qualities ie th

In this section, we investigate the sum rate performance
DBA in comparison with several related methods, namely t
Max-SINRmethod [8], the alternated-minimizatioAl{-Min)
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Fig. 3. Sum rate performance for asymmetric channel of 4slisgkstem. Fig. 5. Sum rate performance for symmetric channel of 6 Isystem DBA
Links suffer different out-of-cluster nois@BA achieves a better scaling in achieves a higher sum rate th&R-Maxwith continuous power allocation in

high SNR regime. IA unfeasibility and high SNR regime.
‘o 401
—©— SR-Max L e DBAPC
35| —A— DBA ® —#—DBA (5 links)

—#— Max-SINR

= Alt-Min —%—DBA (4 links)
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5 10 15 20 25 30 35 40
35 40 45 50 SNR (dB)

L

Y

. i i
0

[

15

15 20 25 30
SNR dB

Fig. 6. Sum rate performance for asymmetric channel of Ssliskstem.

Fig. 4. Sum rate performance for asymmetric channel of Slsystem. The DBA with power control improves th®BA without power control.

direct channel gain is 30dB weaker than other linR&A achieves a better
scaling in high SNR regime.

In Fig. 6, the sum rate performance BBA is plotted with
and without power control in a 5 links system with each Tx

network_ are "?‘Ssumed to be equaly N it = 0. To illustrate and Rx equipped with two antennas. As shown in the figure,
the design difference, we compare the performanc&SRf . :
the proposed scheme with power control improve the sum

Max with both continuous and binary power aIIocatloq. Th(raate by turning off non-contributing links. As SNR grows,

c_ontmuou_s power aIchauon in [6] IS @ non-convex opt|[n|za[he scenario of IA feasibility has to be restored in order to
tion. For implementation, the continuous power allocati®n haye the maximum sum rate scaling. Depending on the system

implemente_d as an exhaustive search over a qu_antized SCYRR, the proposed scheme adaptively turn off 1 or more non-
space. We include here the performanc&BFMaith power contributing links and restore the sum rate scaling.

control with 1 bit (binary), 2 bits and 3 bits quantizations A
the system SNR increase, the sum rate becomes more sensitive

towards the interference which increase e in SR-Max VIIl. FUTURE WORK

This forces some of the users to decrease their transmitrpowe In this paper, we have demonstrated that combining beam-
However, the IA unfeasibility may not be fully restored irforming vectors and binary power control brings enormous
some channel realizations and may offer a lower performarg&in to sum rate in IA unfeasibility and high SNR regime.
compare withDBA. Our future work is to investigate the optimal power control



in such regime. The difficulty of such work is the distributed[5] S. Ye and R. S. Blum, “Optimized signaling for MIMO interence
CSI requirement.

IX. CONCLUSION

systems with feedback,”IEEE International Transactions on Signal
Processingvol. 51, no. 11, Nov 2003.

[6] C.X. Shi, D. A. Schmidt, R. A. Berry, M. L. Honig, and W. Utksick,

“Distributed interference pricing for the MIMO interferea channel,”
in IEEE ICC, 2009.

We derive the equilibria for the egoistic and altruistic[7; m. A. Maddah-Ali, A. S. Motahari, and A. K. Khandani, “Camuni-
bayesian games. We suggest a precoding technique basedcation over MIMO X channels: Interference alignment, deposition

on balancing the egoistic and the altruistic behavior aheac
transmitter with the aim of maximizing the sum rate. Ourg)

simulations indicates good performance BBA. It outper-

forms precious IA-based schemes that do not use pongﬁ

control in the unfeasibility region of alignment. Our metho

also achieves greater performance for the case of asyneméeli?]
channels thanks to a proper weighing of the contribution
of each link towards the sum rate. The method also may
outperform previous sum rate maximization schemes badéd
on pricing although this difference is probably caused ky th
existence of local maxima in the sum rate objective functiopi2]

X. APPENDIX

A. Proof of Lemma 1

Define the Largrangian of the sum rate maximization prokt4]

lem to be L(wig, ) = R — p(wHw,, —1). The neces-

i N B
saary condition of Larg;anglanmﬁ(wik,u.) =
Fw ik + 22 myenn Fwr Rim = pwir. With elementary

0 gives:

ik .
matrix calculus,
) P,
——g Rk = - Eiwik
owl] Zik + [virHiwir|2 P, + 07
H 2
0 n _ _ IVimHWim|* Pjm
jm
owji Vi Wi |2 Pjm + Ljm + 07
P;
7A imik Wik -
Ijm + 0'32- J

Thus,/\;?ptik is a function of all channel states information

m

and beamformer feedback.

2 2
Zir + Vit Hiiwi, | Pig, + 0

\PE = 22
gmik |V§ImHijjm|2ij + Ijm + 0]2 ( )
VI H Wi |* Pim,
Ijm + 0'32-
ANnd 4,4, 1S therefore
Tiy + [vieHiywi |2 Py, + 02
Kmaz = | P | M- (23)
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