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Abstract—Wireless cellular networks perform with a system
spectral efficiency which depends on the user terminal distr
bution over the cell area. Due to an adaptive modulation and
coding scheme which depends on the signal-to-interferenepoise
(SINR) ratio, the achievable data rate is typically an order of
magnitude higher in the cell center compared to the cell edgérhe
performance of IMT-Advanced cellular radio systems like IEEE
802.16m and 3GPP LTE-A will strongly depend on algorithms to
cope with the low SINR in the service area. The new paradigm
introduced in this paper motivates users to opportunisticdy
change location according to operator recommendation didpyed
on the user terminal to achieve a much better SINR than
currently available. Benefits are the increase of network cpacity
and higher data rates or potentially a financial incentive fo
the convinced users. Numeric results based on analysis of M
scenarios are provided suggesting large cell spectral effacy
gains.

Index Terms—IMT-Advanced, Spectral Efficiency, Mobility,
Relays, User-in-the-loop

I. INTRODUCTION
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the resources to cell edge users compared to cell centes user
to provide fair capacity share.

For the voice servicé”" has to be accounted for when pro-
visioning resources for the busy hour. Further, the maximum
number of simultaneous phone calls depends-on

For data services (elastic services, best effort, dowrsload
websurfing), the goal of serving each UT with the same
rate (rate-proportional fair service) has the same cost and
dependency orf’ as above. At this point it would be more
reasonable to provide each UT a fair amount of resource
blocks (resource-proportional fair service). This is tledagilt
in IEEE 802.11 like systems anyway. The result is indeed a
higher spectral efficiency. The dilemma between throughput
capacity and fairness is known quite well [4].

In this paper we propose a new approach to substantially
increase the spectral efficiency without changing the maysi
layer. It begins with the awareness of the user, that theleell
performance depends on the location. Currently users are

Recently the IMT-Advanced system performance evaluatigfilvare about this fact only in IEEE 802.11 hotspot scenarios.

has been finalized [1]. The requirements by the ITU [2] argecond, an incentive is needed to improve SINR by moving
ambitious so that various advanced techniques must be c@it UT to another location. Third, the new location must be
sidered, e.g., MIMO, CoMP, and fractional frequency reusgenvenient to reach (e.g., on foot) or the incentive must be
Multihop techniques (using decode-and-forward relay 8pdenough to make a move. Fourth, there must be an information-
RN) have also been standardized to either increase cell edggisted guidance on the UTs, showing directions or even a
capacity, coverage, or both [3], [4]. map of the area (Figure 1). This operator database is filled by
The system cell spectral efficiency is the stationary achiey|| UTs over all times, so it is very substantial. As a result,
able rate averaged in time and over the whole cell area agne users would be motivated to move to a location with
normalized by the system bandwidth. This corresponds topatter SINR and, accordingly, will contribute with a factor
scheduler in the base station (BS) which distributes ressur of typically two to four (up toF) to the increase of the
fairly among competing user terminals (UTs). When the gog|stem’s spectral efficiency. The proposal is opportunjisit
is to fairly give each UT the same data rate, the averagifgandatory, and users do not need to comply, for example when
must be calculated differently [5]. In this case a UT at thié C&riving in a car.
edge consumes many times the resources compared to a UT ifihe method is studied with analytic and numeric tools
the cell center. The factor, denoted herefads given by the 5 the example of the ITU-R IMT-Advanced standard test
ratio of the highest to lowest spectral efficiengyn bit/s/lHz  scenarios. Our results show that a substantial gain in cell

on a resource block determined by the adaptive modulatighectral efficiency can be achieved with some reasonataie eff
and coding scheme (AMC), for instance, in Table'l=7.5. yequired by the user.

Especially the AMC is the reason why the performance
depends on the location and distribution of user terminals
in the cell. This factor becomes even worse if MIMO and
advanced receiver algorithms are used.

TABLE |
PHY MODES AND SINRINTERVALS

; ; T P Indexm 1 2 3 4 5 6 7 8
Operators market their services as |f_|t has, ub|q|t|_ou< VSINR [B] | 09 | 21 1 38 [ 771 98 | 126 | 150 182
the same QqS everywher.e in the service area. While thiSvioduration OPSK 16-QAM 64-QAM
would be desirable, in reality large QoS variance is obskrve Codingrate | 1/3 [ 1/2 [ 2/3 | 1/2 [ 2/3 | 5/6 | 2/3 | 5/6
depending on the location. An operator has to providemes |y [b/sHz] [ 2/3 | 1 [4/3] 2 [8/3]10/3] 4 5




TABLE I
IMT-A DVANCED SCENARIO SPECIFICATIONS

" . Scenario Urban Urban Suburban Rural
ngher performance gwde ’ micro macro macro macro
res UMi UMa SMa RMa
bestpeosition L nter-BS distance] 200m | 500m | 1299m | I732m
% e P BS height 10m 25m 35m 35m
Jagemotsi Antenna tilt —12° | —12° —6° —6°
- o fo 25GHz | 20GHz | 2.0 GHz | 0.8 GHz
better here @ Sogne” Tx power 44 dBm | 49 dBm | 49 dBm | 49 dBm
= TABLE Il
% *0 *4 TECHNOLOGY PARAMETERS ACCORDING TA_-TE-A
7
your position % Bandwidth (FDD) 20 MHz DL
g Traffic full Toad; best effort
o Antenna gain (boresight) 17 dBi
it Sectors/cell 3
Move towards best pOSItIOﬂ Antenna aperture horizonték ;g 70°
to save money on calls Antenna aperture verticabs ;g 15°
and gain performance Thermal noise -174 dBm/Hz
UT noise figure 5 dB
Fig. 1. Exemplary UT display showing distance, direction drenefit. If I11. USER IN THE LOOP
this is attractive, the user moves to a location with hi ctral efficienc . . . .
(with probability pay). ofpe y The new concept provides suitable information to the user,

e.g., as shown in Figure 1, and the user should be convinced
to change his location voluntarily from his current locatio

f - -
;e erence display ove yixy)  Pi=(x1,51) to p3. Thus the user becomes part of a control
(2] ! . A " .
@] Gy —  user N loop (Figure 2). System theory including human elements is
Ri data | (Fig.1) xy) inspired by [10]; power supply companies have been tryirtg ou
Actual measured y at the new location such approaches [11] in recent years. The network controlle
round trip delay:

knows the current signal quality(pi) (SINR-based) ory(p1)
from UT measurements, and the expected lexgl:) from
a database of measurements of all UTs at all locations in
the past. The user knows his utility advantage/od; » =
u(p2)—u(p1) when doing the move. This utility can be either
financial (savings for voice during busy hours) or an inceelas
data rate (for best effort data traffic). The network prowsittes

In this paper we assume the IMT-Advanced systeinformation in which direction or to which location to move
model [2]. Table Il provides the data for the scenarios takdyy the gradient- 7 o () of the potential field at positiop;.
into account. They are representative for the whole range bithe user should have all information to make his decision.
tween densely populated (UMi) to countryside setups (RMa)T devices would ideally have GPS onboard, but the network
Table 1l specifies parameters related to the LTE-Advancedn still support ranging by BS-based triangulation ana giv
radios. The pathloss is calculated using the two parallelet® hints for movement. The user can see in which direction to
(with/without line-of-sight) and distance-dependentability move best and how fat; » = |p3 — pi| the next improvement
pros(r) to select which one is used [6], [7]. Shadowing istep is. It is assumed that a fractipn; of users actually
not modeled here. In the presence of shadowing returns gegticipates in moving, the rest stay at plagge; accounts
expected to be even more favorable. A single antenna sefup users that cannot move, do not want to move, or have
is assumed, as the main implications are not affected by the sufficient incentive to move. The output of the user block
presence or absence of MIMO. In a multicellular context wit{Figure 2) is the new locatiops. It is described by a Bernoulli
reuse-1 interference is the major limitation. At the celtders random process wherg,; is the probability of a move from
SINR is close to zero with high fluctuations. The system modg] to p3 for d; » meters and1 — pys) of no movement at all.
includes optional relay nodes (RN) as well (0 or 3 RN perhe target valueye is the leasty this UT should achieve after
cell). It is important to select the serving station (BS or)RNthe movement.
by theleast resourceslecision, i.e., the decision of taking the
single or multihop route is taken by considering which optio IV. PERFORMANCERESULTS
uses less resources, not by choosingc(SINR). Over the cell  In this paper the statistics of the movement distance and
area SINR §) results are obtained by numeric analysis and atkee resulting spectral efficiency are determined by numeric
translated to spectral efficieny in bit/s/Hz [8] according to analysis of the IMT-Advanced scenarios. Both increasespf
Table | and the modulation and coding performance restts [Andd are weighted by,;, becausél — p,,) of the users are

Fig. 2. Closed loop with the user as the system to control.
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Fig. 3. Observed spectral efficiengyin bit/s/Hz depending on the reference Distance d to move in meters

Yo in the SMa scenario.
TABLE IV
GROSSSPECTRALEFFICIENCY RESULTS FOR THHMT SCENARIO
EVALUATION [BIT/S/HZ/SECTOR] WITH 7o = 2.5 BIT/S/HZ

Fig. 4. CDF of the movement distaneefor all IMT scenarios.0 and3 in
the scenario name parameter mean the number of relay nodies aell.

Scenario UMi UMa | SMa RMa . . o . .
ORN,HUD 1567 | 1954 | 1.234 | 1.974 they have an incentive to voluntarily improve their apptica
ORN,UIL, _ 2.170 | 1.995 | 2.836 | 2.509 data rate or reduce the cost of connections during busy hours
pvy=05—>d=| 44m | 47m | 7.8m | 30.7m by performing a voluntary movement to a location of higher
ORN,UIL, 2772 | 2.735 | 4.437 | 3.045 ; : .
p—1—d— | 88m | 94m | 156m | 61.4m performance. Studies using the IMT-Advanced evaluatien sc
3RN,HUD 1.945 | 1.804 | 1.825 | 2.310 narios showed substantial gains uRtw%, depending on the
3RN,UIL, 2.333 | 2.239 | 2.858 | 2.654 percentage of users involved. The distances to move are in
pv=05—>d= | 19m | 1.7m | 50m | 12.0m the order of a few meters in most cases. It is recommended
3RN,UIL, 2721 2.674| 3.892 | 2.998 . : .
py=1—>d= | 3.7m | 3.4m | 10.0m | 23.9m the user-in-the-control-loop techniques should be ingattd

further, as this seems to be promising to tackle many ecanomi

- nd ecological problems.
assumed to be not willing to move. Users who do not need ?0 9 P
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