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Abstract. The article studies the issue of non-centralized communication frequency choose issue in
micro base station (MBS) communication system for maximizing satisfaction utility in opportunity
unauthorized frequencies system (OUFS). Considering the operative frequency width limit and
capacity demand for each micro base station, our work is to maximize the social welfare of the micro
base station communication system which is defined as the satisfaction degree minus price paid.
We formulate the issue as a heterogeneous communication frequency choose game. The potential
function is designed as the social welfare of the micro base station communication system. We
design a heterogeneous communication frequency choose algorithm which asymptotically
converges to global optimal point. Simulation results verify our theoretic analysis and the
effectiveness of the presented algorithm.
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1. Introduction

In 5G communication, micro base station (MBS) is presented to boost communication system
capacity by reusing spectrum more densely. With reduced coverage area, MBS can offload high
traffic from macro base station (MBS). OUFS technology is initiated as part of OUFS Release 13 to
allow users to access both authorized and unauthorized frequencies under a unified OUFS
communication system infrastructure [1]. To utilize the unauthorized spectrum, cellular
communication system and wireless devices have to comply with the FCC regulation requirements
[2]. OUFS is going to be naturally deployed for micro base stations. Authorized spectrum for micro
base station (provisioning the QoS guarantee) can be MBSheduled by the MBS, while unauthorized
spectrum is shared among multiple existing technologies or multiple operators. Usually, small base
station maybe deployed by individuals and the MBS communication system evolves as a self-
organized communication system. Thus, it is hard for MBS to implement resource allocation in
unauthorized frequencies for MBSs. A non-centralized approach is more appropriate for MBS to
utilize the unauthorized spectrum resource effectively. Unauthorized spectrum has to be carefully
sheduled to avoid severe interference.

In this paper, the objective is to maximize the satisfaction utility of MBS communication system.
Game theory is introduced to model the interaction among MBSs. We model the non-centralized
communication frequency choose issue in both authorized and unauthorized frequencies for MBS
communication system as a Task Oriented local interactive heterogeneous communication frequency
choose game. MBS acts as a player which conducts communication frequency choose independently.
We present a heterogeneous communication frequency choose algorithm for players in the game.
Given the presented algorithm, MBSs can learn their actions and converge to the optimal action
profile which maximizes the communication system satisfaction utility.

2. Related Work

As wireless devices increase dramatically, it becomes harder and unaffordable for MBS to perform
resource allocation centrally. It motivates the need for developing autonomous, non-centralized and
flexible mobile communication systems where devices can make a decision independently. Usually,
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wireless device’s decision in utilizing spectrum may be coupled with others’ decisions. The
interactive relationship among these spectrum-utilizing devices has to be characterized and game
theory emerges as an effective tool. Recently, game theory has been applied extensively to tackle
with the wireless resource allocation issue. An interference mitigation game is presented for the non-
centralized communication frequency choose in presence of time varying communication frequency
in [3]. At least one pure strategy Nash equilibrium (NE) is proved to exist in the game. A completely
non-centralized and uncoupled learning algorithm is presented for the player in the game. When all
players adhere to the algorithm, game can converge to the pure strategy NE. [4] focuses on a similar
topic with [3] but aims to maximize the system throughput. [5] considers a communication system
where multiple wireless service providers (WSP) coexist. When concept of OUFS is put forward,
both academics and industry show their great interest in it. [6]~[8] show their concerns on coexistence
of OUFS and WiFi in the unauthorized spectrum. Analytical results demonstrate that WiFi
performance is vulnerable to OUFS interference. Multiple coexistence mechanisms including static
muting, listen before talk, self-CTS, and RTS/CTS can be adopted to protect WiFi-only user’s service
quality. [2] considers micro base station has both cellular interface and WiFi interface. The
unauthorized spectrum can be used by WiFi-only user with higher priority. With quality of service
(QoS) constraint, resource allocation in both authorized and unauthorized frequencies is constructed
as a linear programming issue. In [9], a dual-frequency femtocell (DBF) and a WLAN station are
deployed for smart device and WiFi-only device respectively. The unauthorized spectrum is shared
between femtocell and WLAN in time.

3. Interactive Heterogeneous Communication Frequency Choose Game
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Fig.1 OUFS model

The system model in our work is depicted in figure 1. The cellular communication system consists
of M micro base stations (MBS) which can access both authorized and unauthorized frequencies.
Denote the set of MBS as M,i.e.M={1,2,---,M} . Each MBS tries to offload traffic for macro base
station (MBS) and MBS decides which communication frequencys in authorized frequencies are
available for MBS. We assume each MBS operates with a frequency width limit as Ng. Though
authorized frequencies can provide sustainable quality of service (QoS) for users, MBS has to pay for
it. Unauthorized frequency is free, but it has to be shared among MBSs.

Denote N, as the available communication frequency set of micro base station (MBS) meM,
1.e.,

Nm={Nl,m’NU} (1)

N,. Indicates the exclusive authorized communication frequency set for MBS m and
IN,..|=N..meM. |Al is the cardinality of set A.N, is the unauthorized communication frequency
set. The action set of MBS m can be given as

Am = {C]_,m’CU,m :‘C]_.,m‘ +‘CU,m‘ < NB> C].,m € NL,m9 CU,m € NU} (2)
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Cim
communication frequency subset utilized by MBS m respectively. The action set of MBS m can
be rewritten as

and C,, represent the authorized communication frequency subset and unauthorized

An ={nL,m9CU,m N SN, +‘CU,m‘ <Ng,Cym €Ny (3)

where n_,, is the number of selected authorized communication frequency’s and n_,, =\C[,m\-
Suppose MBS m chooses an action a,, ={nL,m,CU,m}eAm for communication. We denote capacity

for each communication frequency in authorized or unauthorized frequencies as « . Then MBS m
can obtain its capacity in authorized frequencies as

r-L,m = anL,m (4)
MBS m can deserve its capacity in unauthorized frequencies as

rLl,m .
rU,m = |:p(l _ p)f(cb,m(l)*aJm

i=1

sgn( f (CU,m(i)’a‘]m ]]

where nU,m:\CU,m\ and Cy,(i) is the ith communication frequency in set Cy, . J, is the
neighbor set of MBS m and a, ={a}.keJ, represents the action profile for MBSs in J, .
f(Cyu(i).a, ) indicates the number of MBSs which compete with MBS m for communication

frequency Cy, (i) and is defined as

f(CU,m(i),aJm):k;mJ(CU’m(i),ak) (6)
5(Cumli).a ) =1 Comli)<a )
m 0 Cyn(i)ea,
sgn(e)is defined as follow
I, x>0
sgn(x)=40, x=0 (8)
-1,x<0

Generally, capacity acquired by MBS m with action a,, is given by
Cm(am,ajm):rL,m Tlum ©)

To capture the heterogeneous demand for MBSs, we use a unified Task Oriented utility function
to measure the satisfaction of MBSs with different demads which is defined as

f(x):l—exp(—é;jx) (10)
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x indicates the resource assigned to MBS, d is capacity demand and & 1is an adjustable factor.
Combine with (9), the satisfaction degree for MBS m  with action a, ={n,,.C, .} can be derived as

Sdm(am,ajm): f(cm(am,aJm )):1—exp[_50m(2m’a‘]’”)J (11)

where d, is the capacity demand for MBS m.

With the consideration of price paid for authorized communication frequencys, we design the
satisfaction utility for MBS m as

gm(am’ajm):Sdm(amsaJm)_nL,mﬂ (12)

where g 1is the price paid for each authorized communication frequency.
Accordingly, the micro base station communication system satisfaction utility can be defined as

Uo= > Gn(an-ay, ) (13)

meM

Then, the global objective is to find the optimal action profile to maximize the communication
system satisfaction utility, i.e.,

(P): maxU, (14)

The presented game is denoted as G=[M{A} _-{In},v-{Unpoy | » Where M s the set of
players (MBS), A,
player m and U, is the utility function of player m. In this paper, we define the utility function of
MBS m as

is the set of available actions for player m, J, denotes set of neighbors of

Um(am,ajm):gm(am,ajm)Jrk;m gk(ak,aJk) (15)

4. Heterogeneous Communication Frequency Choose Algorithm

To maximize the communication system utility, a heterogeneous communication frequency
choose algorithm is presented for MBSs in the game. The procedure of the algorithm is depicted as
follows.

5. Simulation Results and Discussion

In the simulation, we consider a communication system consists of 6 MBSs which are deployed
densly or sparsly. We call any two MBSs neighbors when they locate in the other’s interference region.
For each authorized or unauthorized communication frequency, a=4Mbps can be supported. We
note that the operating frequency width limit and the reserved authorized communication frequencys
for each MBS are given as B=3 and N, =3 respectively. MBS will transmit on the unauthorized
communication frequency which is also utilized by other MBSs with probability p=0.5. In the
unified Task Oriented utility function, §=-31s fixed. According to the experimental results, the
learning factor in the DAHCS algorithm is given as y =i in the ith iteration.
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Algorithm 1: Heterogeneous Communication frequency Choose Algorithm

Step 1. Iitially, set &=0 and let each MBS meM selects an action a,(0) from its
available action set A, with equal probabality.«

Step 2. MBSs exchange the information with their neighbors .«

Step 3. A MBS § is selected randomly from M. All other MBSs will repeat their
actions as a_| k+1)=a (k). And for MBS 7, we will decide the probability distribution
of choose for action a(k+1). If MBS i selects action af+1)=a, it will obtain its
utility as L7|a,a; (%)) according to the information from neighbors, Then, we could

acquire the probability for selecting a(k+1)=a as follows+

forr il
e e txpfr__L;ln,,n_rim:lJ-
pik+])= — — ¢
¥ expipUy|aia; (k)|
2k ) )

Where »isalearning factor. % exp 'l;zf.,'_.q aiay (k) d represents the aggregate utility for
Bedy -

MBS i performing all actions in A, . Then, MBS 7 decides 1ts action g, & <1} with
the probability distribution jp_?{ir*li-';q”‘

Step 4. If the predefined maximum number if iteration is achieved, stop; else go to Step
2

Fig.2 untility comparison result

In figure 3, we compare the performance in communication system satisfaction utility among
methods below: exhaust searching (ES), DAHCS algorithm and random approach. In the simulation,
N, =2 unauthorized communication frequencies are available and price for licnesed communication

frequency is normalizedas f=0.2. We alsoset D= {10Mbps,6Mbps,8Mbps,1 1Mbps,5Mbps,9Mbps} to

capture the heterogeneous demand of different MBSs. By exhaust searching, each MBS can acquire
its optimal action to maximize communication system satisfaction utility. However, a central
controller is needed to MBShedule each MBS’s action choose. Moreover, as number of MBSs
increases, the computation complexity will grow rapidly. Unlikely, with DAHCS algorithm MBS can
learn its action by exchanging information with its neighbors and make a decision automatically in
the presented game framework. By learning, MBSs can also achieve the optimal action profile
distributly which is proved in the previous section and validated in the simulation. As shown in the
figure, the game plays 200 times and converges aound 40™ iteration. The maximum communication
system satisfaction utility is then acuqgired with the optimal action profile adopted by all MBSs. While
under the random approach, each MBS randomly select an action for itself per iteration regardless of
the potential interference and capacity demand. Therefore, as shown in the figure a favorable
performance cannot be guaranteed .
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Fig.3 untility comparison result

6. Conclusion

In our work, we consider OUFS is deployed for micro base station. Then micro base station can
access both authorized and unauthorized frequencies. Micro base station has to pay for authorized
frequencies which are for exclusive use. While unauthorized spectrum is free for micro base stations
but may be shared with others. Taking the operating frequencywidth limit and capacity demand into
consideration, we investigate the non-centralized communication frequency choose issue in
authorized and unauthorized frequencies to maximize the aggregate satisfaction utility in the micro
base station communication system. The interactive heterogeneous communication frequency choose
game is presented to depict the optimization issue. At last, we present the heterogeneous
communication frequency choose algotithm, adhere to which the game can converge to the optimal
action profile with an arbitrarily high probability. The simulation results validate the efficiency of the
algorithm.
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