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Abstract—Traffic in mobile radio networks is expected to doesn’t require more CAPEX and power and can be used in
continue to increase by 100% per year. This imposes a big combination with already existing techniques. This User-i
challenge for future generations (4G and 5G) of access technolo- the-loop (UIL) concept is able to boost the spectral efficjen

gies which were previously dimensioned for over-provisioning . .
especially in the busy hours. Recent forecasts hint that this Y Substantial amounts [7]. The spatial UIL method works by

assumption and approach will not be tractable anymore. Instead Convincing users to change their location to a better ong [8]
the demand will exceed the supply more and more frequently similar to what people are used to do in WiFi networks.
causing congestion not only in short term but over longer periods The temporal UIL method works by fully dynamic tariffs [9]

of time. Any approach to engineer networks greener by better , i-h shape the user demand in times of congestion. This

spectral efficiency only will fail to meet the global objective, if K Lin li ith ts f . based pri
demand keeps on increasing faster than supply and efficiency. WOTKS WeIl In fin€ with experts favoring usage-based pric-

Instead, the User-in-the-loop approach allows to shape the INg [10]-{12]. Also, it appears more logical in times of
demand where it originates either in space or time. This is economic and ecologic uncertainties that exponentiakbimsx
achieved by incentives for users to change location or by dynamic must be questioned when it comes with a negative impact for
tariffs to shift the use of congested resources out of the busy society or our ecosystem

hours. This works as the smart grid of communications. | hnical UIL ai bilizi he d d
While some work has already been done in this new field, the n technical terms, aims at stabilizing the deman

user behavior to the controlled demand shaping was based on t0 any sustainable level. In the case of cellular networks, i
assumptions. In this paper, the assumptions were confirmed by helps keeping traffic below the capacity at all times [9]. @th

recent survey results which indicate that shaping user behavior promising techniques to improve the supply side, e.g., deco
works sufn(_:lently W_eII. M(_)dels of the user response are given and-forward relays [13], can be applied independently.
and analysis and simulation results show the advantages and . . :
gains of this approach. _ Usgr-ln-the—loop (Flgure 1) wor}(s by having the sys'gem
including the user, wireless equipment and channel in a
control loop. The controller knows the system state, esfigci
the traffic load condition and channel conditions (pathléss
| INTRODUCTION all locations in the_ cell and derives_a_ de<_:ision to inf_Iuenlme t_
' user based on this state. The decision is a set of information
D EMAND for carrying higher and higher data rates iing incentives, in a user friendly way, to convince users to
the next 10 years is clearly foreseeable [1]-[4]. Thgjther move, postpone or abandon their session requessén ca
rise of smart phones and laptop dongles will bring traffigf congestion. The control can range from just informationa
increases ofl00% per year (Fig. 2) - a continuing trend into convincing with a monotonic force depending on the
the last 5 years. Cellular wireless networks are traditlynaseverity of the situation.
oversized in order to carry all traffic, but this becomes bard |, previous papers the user behavior was based on assump-
even with 4G and 5G and can never keep up with demaggns [g], [9], but this paper contributes the very first @yv
at this increase rate [5]. Meanwhile energy consumptiqRsyits to allow quantitative modeling. This survey A saepl
becomes more important and going green is a serious conceydulation of Summer 2011 wad0) university students in
Unfortunately every increase of capacity, in the best cag@nada. Although not perfectly representative, this isfitise
assumed without increase of power consumption, will Rasylt of its kind and serves as an indicator of what is the
eaten up by the exponential rise of traffic demand. Thygential and principal behavior of users in a system-tbigor
the traditional over-provisioning approach requires ter&b framework. A larger sample is possible at a later point based
even more CAPEX and power for denser cells, e.g., pico agg the methodology presented here.
femtocells. . _ The paper is organized as follows: The first sections define
Certainly the evolution of IMT-Advanced systems [6] willihe spatial and temporal UIL model. Then the survey results
continue. However, there is an orthogonal approach Wh'%e guantitative answers on how to model the user behav-
Gurhan Bulu is supported under postdoctoral research fundrie 1OF- The last section shows performance results achieved in
Scientific and Technological Research Council of Turkey BTTAK). scenarios based on the IMT-Advanced evaluation [14].

Index Terms—User-in-the-loop (UIL); IMT-Advanced; LTE,
relays; demand shaping; tariffs; spatial and temporal control
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£at ‘ l user in advance. The pricing scheme will change the user
, e | behavior as modeled here. The principle is clear - the user
T will use less traffic when the price goes up. Previously aline
PPPEE | model with constant elasticity has been assumed [9], bt her
% 10 2 % " %0 %0 70 the survey results allow modeling the detailed user behavio

month since January 2010

The control ratigp is defined as the quotient of the controlled
Fig. 2. Aggregate mobile traffic predictiar(¢) and capacity limitation.  gutput rater. divided by the uncontrolled output rate. It
can alternatively be interpreted as the proportion of ugets
Il. SPATIAL UIL CONTROL stay with tr_leir_original demand_, whilé — p of the users
. change their mind and do not trigger the data transmission.
F|gure 1 .shows' the ge.neral UIL concept. The controller The traffic demand is controlled (shaped) according to
provides suitable information to the user and the user $hoyhe control model of Figure 1. For each time stefby
be convinced to change his location voluntarily from hig,onth or day here) the controller knows the ere¢t) =

current locationpi = (z1,y1) to p}.the network controller Riarget(t) — r(t). In order to reduce the uncontrolled traffic
knows the current signal quality(pi) (SINR-based) or the |55q Ty 10 Rygrger, the control ratiop must be chosen

spectral efficiencyy(p1) from UT measurements, and theasp = Riarget/7. The next step is the adaptation of a
expected leveh(pz) from a database of measurements Qfyicing parameter, depending on the pricing model. If we
all UTs at all locations in the past. The user knows higssume proportional pricing with one free parameter, thien
utility advantage ofAu, » = u(pz) — u(p1) when doing the ,qanted taking the inverse of the user response functiom(fr
move. This utilityu can be either financial (discount for voicesection |v). This closes the control loop, because theftarif
calls during busy hours) or an increased data rate (for bgghge| and price information are the input to the user block.

effort data traffic). The network provides the information i The yser acts according to his known stochastic behavior and
which direction or to which location to move by the gradieng,o target value is achieved.

— v o(p) of the potential field at positiop;. The user should
have all information to make his decision. The user can see
in which direction to move best and how féy » = [p3 — pi| _ _ )
the next improvement step is. A fractipn, of users actually  This very first survey has been conducted in summer
participates in moving, the remainirig—p,) stay in place. It 2011 among 60 university students. The questions were all
accounts for all users that cannot move, do not want to mowé&riations of this type: “For mobile servicéassume you have

or have no sufficient incentive to move. Previously this ealuPPtions to movel meters or postpone faF minutes and get
was assumed constant [8], but in this paper it depends & incentivel to do so, how muchi or 7" would be accept-

the incentive to the user and the proposkd. The survey able?”. One example question i&ssume that you are walking
results in section IV quantify exactly this value. The outpdn downtown and you have to make a phone call via your cell
of the user block (Figure 1) is the new locatigh. It is phone. The duration of your call is expected to be between 5
described by a Bernoulli random process whesg is the to 10 minutes. Assume that your cell phone company charges
probab"'ty of a move fromp_i to p‘é for d1’2 meters and you $)50 per minute. HOWeVer, it -aISO offers you QiSCOUHt if
(1 — par) of no movement at all. It depends on the incentivou are willing to change your location. In the following tap
utility « and proposed distancg, ». The survey results in choose the maximum distance you are willing to walk in return
section IV provide all the information needed. The targd®’ the stated amount of offered discourftigure 3 shows
valueve (MI,n:,) is the leasty this UT should achieve after the concern about the wireless carbon footprint which might
the movement. It is set by the operator. Half of the maximufRotivate a UIL move even without explicit incentive. But

or 2.5 bit/s/Hz is a good operating point. It is possible to ha\,@r the model so far it is assumed that zero ir_lcentive_ results
multiple levels forye ; and corresponding incentives. in zero change from uncontrolled use of mobile services. In

this paper, results are displayed for each service andtineen
and in two ways: The upper graphs show the empirical CCDF
for the acceptable movement distantand the fractiorp,,
Flat-rate pricing is the cause of heavy-tailed traffic distr of users conforming, given the incentive as parameter. The
tions [9] and unbounded exponential demand increase. THower graphs show the PMF distribution of the acceptable UIL
usage-based pricing is favored in the pricing literatui@41 reaction (move or delay) and its average, with the incentive
[12]. For UIL, a fully dynamic usage-based pricing is asen the x-axis. Figure 4 shows the results for voice and
sumed [9] with prices known and displayed openly to theideo service. The results show a remarkable elasticy, i.

IV. SURVEY RESULTS

I11. TEMPORALUIL CONTROL
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Fig. 4. \oice and video service comparison wittovement controhnd discount incentives. TABLE |
IMT-A DVANCED SCENARIO SPECIFICATIONS

acceptance of the proposed relocation, with video beingemor

! . . . . Scenario Urban Urban Suburban| Rural
elastic (perceived as less important service). Figure b als micro macro macro macro
shows voice and video service, but with a proposed deferral. _ UMi UMa SMa RMa
The results indicate that there is a significant acceptartue. '”teé'giggr:f‘”ce zl%onT 52050;? 1§§9mm 1§§2mm
is sufficient to relief busy—hour'conge'stion [9].. Espegiall Antenna filt —19° —19° —6° —6o
the UIL control of video streaming (with 100 times higher fc 25GHz | 20 GHz | 2.0 GHz | 0.8 GHz
rate requirements) is tolerated easily. Not shown here are__ Tx power 44 dBm | 49dBm | 49 dBm | 49 dBm
the reactions to abandon or offload the demand to fixed line TABLE I

access at home. For data services, i.e., browsing and &BpCTRAL EFFICIENCY RESULTSY IN [BIT/S/HZ/SECTOR] WITHOUT AND
downloading, the results are shown in Figure 6. The speedup WITH UIL (ve = 2.5 BIT/S/HZ)

incentive turns out to be very convincing. It comes natyrall Scenario UMi UMa SVia RMa

with a resource proportional scheduler so there is low effor| Without UIL [7]: 5 = [ 1567 | 1254 | 1.234 | 1974

in implementing this incentive. UIL proposals 80% | 96% | 94% | 62%

UIL dyrp = 8.8 m 9.4 m 156 m | 61.4m

UIL with constant 2.170 1.995 2.836 2.509

V. SIMULATION RESULTS py =05 —d= 44m | 47m | 78m | 30.7m

: : . UIL voice 7 = 2319 | 2293 | 3.030 | 2170

The system model of Fig. 1 is now applied to a cellular| ; _— o9 . d— | 45m | 47m | 73m | 25m

scenario. The quantitative user response is assumed as surparticipationpy;, = | 69% | 74 % 55% | 22 %

veyed, i.e., the probability,, to participate depends on the | U”—;’(‘)’;eﬁd? 5-255 5-233 g-gln?; ?2’52:;

. . - 1= — P —>a= . B . .

proposed distances to the next better location. In this pape participationpy ;. = | 79% | 83 % 20% | 28 %

we assume the IMT-Advanced system model [14]. Table | UIL voice 5 = 2.588 | 2.535 3.941 | 2.254

provides the data for the scenarios taken into account. They i?_—ﬁ(t),% —d= %-87021 %-920;“ 1813-00/m 3512(?

. participationpy i, = () b () o

are repre;entatlve for the whole range between densely- popu UIL voice = >595 5554 | 3994 | 2365

lated (UMi) to countryside setups (RMa). At the cell borders| ;- _go% — 7= 70m | 71m | 11.9m | 9.7m

SINR is close to0 dB with high fluctuations. Over the cell | participationpy;r = | 8% | 90 % 83% | 43%

area SINR ) results are obtained by numeric analysis and| U'Li’(')?;cjg g-gzrﬁ g-gorz 138763?71 5-33;

are translated to s_,pectral efficiengyin bit/s/Hz accordmg to participatioonpU L= | 80% | 9% | 94% | 62%

the methodology in [8], [15]. The average spectral efficienc UIL datay = _ 2969 | 2.995 | 3577 | 2.156

~ is obtained by integrating over the cell area. I =t_52?66t€lup —d= gf(;ﬁ ifof/“ 1205-80/m %‘r;‘

. . participationpy 1, = () () () ()

Table Il contains the results for some representative paral T —max gain for voice; | +66 % | +104 % | +218 % | +21 %
eter sets and Figure 7 shows graphs for the UMa scenari

with incentives for voice traffic. UIL proposals (Table II)

guantifies those locations where a move is recommendeatticipationpy ;, can be observed as an outcome of all the
(v < ve). dury is the average distance from these locationsser decisions taken at various positions and accordinigeto t
to the nearest proposed point, if all users moved. The realrveyed behavior. In the UMi to SMa scenarios, even with
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Fig. 7. Simulation results for LTE with UIL in IMT-Advanced Udlscenario. Incentivd € {1,2,3,4} corresponds to a voice call rate discount of
{—20%, —40%, —60%, —80%}. The user behavior is assumed according to the survey rebteasing the thresholge and the incentive both lead

to higher cell spectral effiency. This leads to the conclushat telling the user all options (different) is most beneficial. More powerful incentives are
only required foryg > 3 [7(c)]. Even with a small incentive discoutii = —20%, 4 can be increased from.254 (no UIL) to above3 bits/s/Hz [7(a)],
which economically more than compensates the impact of the tineeon the revenue in the busy hours.



