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3.4.2 Practical Handoff Considerations
ise wi ttempting to design f, :
i veral problems arise when atten : ‘ Or a wig,
In practical cellular systems, s€ the coverage region of a ce]] ;ﬁ‘ﬁn " {nge of

T ities. Hi d vehicles pass through .
obile velocities. High speed vehicles p ed a handoff during a call, Pargeyy. .. "y

: er ne o
seconds, whereas pedestrian users may_neV . arly i
ad?di/tiffl of microcells to provide capacity, the MSC can quickly become burdeneq if high i

users are constantly being passed between Very sma]l cells. S_e_\Ler_aLM h.ave been devised[
handle the simultaneous traffic of high speed and low speed users while MINIMizing the hand():f

intervention from the MSC. Another practical limitation is the ability to obtain new cell siteg.

Although the cellular concept clearly provides additional capacity through the aqgy,, of
cell sites, in practice it is difficult for cellular service providers to ol?taln nevY physical ce]j Site logy. ~
tions in urban areas. Zoning laws, ordinances, and other nontechnical barriers often mae it mope
attractive for a cellular provider to install additional channels and base stations at the same Physicy
location of an existing cell, rather than find new site locations..By using different antenna\hcigms_
(often on the same building or tower) and different power levels, it is possible to proyide “large”
and “small” cells which are co-located at a single location. Thi’slgghllmyg _ij_Qaum_[he_m;ila
cqggpprqgch\_a_n__d is used to provide large area coverage to high speed users while providing smyjj
area coverage to users t}iveling at low speeds. Figure 3.4 illustrates an umbrella cell which is .

Tocated with some smaller microcells. The umbrella cell approach ensures that the number of
handoffs is minimized for high speed users and provides additional microcell channels for pedes-
trian users. The speed of each user may be estimated by the base station or MSC by evaluating how
rapidly the short-term average signal strength on the RVC changes over time, or more sophisticatet phisticated
algorithms may be used to evaluate and partition users [LiC93]. If a high speed user in the large

umbrella cell is approaching the base station, and its velocity is rapidly decreasin , the base station

may decide to hand the user into the co-located microcell, without MSC intervention.

Another practical handoff problem in microcell systems is known as cell dragging. Cell
dragging results from pedestrian users that provide a very strong signal to the base station. Such a
situation occurs in an urban environment when there is a line-of-sight (LOS) radio path between
the subscriber and the base station. As the user travels éway from the base station at a very slow
e average signal strength does not decay rapidly. Even when the user has traveled vel
4t of the cell, the received WV
may not be made. This creates a potential interfer@“/anwc
e user has meanwhile traveled deep within a neighboring cell.T}
b oft_thresholds and radio coverage .

ular systems, the typical time to make a handoff, 0n¢¢ thet
the handoff threshold, is about 10 seconds. This require® ml:le
to 12 dB. In digital ce'llul_z_l_r” systems such as GSM. :he
* by determining the best handoff candidates. an .

H? requires only 1 or 2 seconds. Consequem]y’ —
(_______—__-’
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Small microcells for
low speed traffic

Large “umbrella” cell for
high speed traffic

: Figure W‘\(umbrelia cell approach.

! usually between (0 dB and 6 dB in modern cellular systems. The faster handoff process supports
f' a much greater range of options for handling high speed and low speed users and provides the
MSC with substantial time to “rescue” a call that is in need of handoff.

,il Another feature of newer cellular systems is the ability to make handoff decisions based on a
| wide range of metrics other than signal strength. The co-channel and adjacent channel interference
levels may be measured at the base station or the mobile, and this information may be used with
conventional signal strength data to provide a multi-dimensional algorithm for determining when a

handoff is needed. :

The 1S-95 code division multiple access (CDMA) spread spectrum cellular system described
in Chapter 11 and in [Lib99], [Kim00], and [Gar99], provides a umque handoff capability that
cannot be provided with other wireless systems. Unlike channelized wireless systems that assign

different radio channels during a handoff (called a hard handoff), spread s
@ annel in every cell. Thus, the term handoff does not mean a physical change in the assxgned

r that a different base station handles the radio communication task. By simulta-
sived signals from a single subscriber at severql neighboring base stations,
de which version of the user’s signal is best at any moment in time. This
P a%s;paiee diversity provided by the different physical locations of the

el, but rathe

a call in progress in a neighboring cell, other
or any noncellular system which inadvertently

-
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hannels cauge
= SIS Cross g
ndesired transmjgez

leaks energy into the cellular frequency band. Interference on voice ¢
where the subscriber hears interference in the background due to an u

control channels, interference leads to mjssed and bloc:i(e& cgrll'._s» due to errors in the dj 'm%'(ﬂ
Interference is more severe in urban areas, due to the greater fi’f:'noise floor and the ]ag:ge ~E ‘
base §tations @d mobiles. Interference has been recognized as a major bottlenec ﬁ?&‘i*
capacity and is often risggnsibl for dropped calls. The two major types of system-ge ?m
cellular interference are co-channel interference and adjacent channel interference. Evﬁ, ?:M
interfering signals are often generated within the cellular system, they are difficult to comy:gh
practice (due to random propagation effects). Even more difficult to control is interference d; ::)
out-of-band users, which arises without warning due to front end overload of subscriber equipmen:
or intermittent intermodulation products. In practice, the transmitters from competing ceflylar
carriers are often a significant source of out-of-band interference, since competitors often locate
their base stations in close proximity to one another in order to provide comparable coverage 1o

customers.

3.5.1 Co-channel Interference and System Capacity

Frequency reuse implies that in a given coverage area there are several cells that use the same set

of frequencies. These cells are called co-channel cells, and the interference between signals
f}Em t_h‘e'se‘cells is called co-channel interference. Unlike thermal noise which can be overcome -
" creasm “the signal-to-noise ratio (SNR), co-channel interference cannot be combated by
simply increasing the carrier power of a transmitter. This is because an increase in carrier trans-
mit power increases the interference to neighboring co-channel cells. To _reduce co-channel
co-chgim_;el cells must be physically separated by a minimum distance to provide
ifficient isolation due to propagation. :

N

When the s i

ze of each cell is approximately the same and the base stations transmit the
o-channel interference ratio is independent of the transmitted power and

Sl cell, Tho passmence 0 called the co-ghit
size (see Table 3.1 and Equation (3.3)). For a hexagonal

g -
D 2 s i i i
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pels are re . By defining new cellg which h : X
B e el s (oo A ave a smaller radius than the original cells and by

due to the additional ells? between the existing cells, capacity uareases
Imagine if every cell in Figure 3.1 were reduced in su

::;:‘:smm ﬁ112321;§ l‘;:v;rqg;:ezﬂt};; service area ‘with smaller cells, approximately four
- Ihis can be easily shown by considering a circle with

radius R. The area covered by such a circle is four times as | ~
with radius R/2. The increased number of cel] 1 e i S sy
w’ L e, o Shwou d increase the number of clusters. ov:cr the
B ol coliving allows o cvene S(: the number of cpannels, and thu§ capacity, in the
while not upsetting the channel allocatiy e b'y replacm'g la{ge e
e : on scheme required to maintain the minimum co-channel
reuse ratio @ (see Equation (3.4)) between co-channel cells.
An example of cell splitting is shown in Figure 3.8. In Figure 3.8, the base stations are
placed at corners of the cells, and the area served by base station A is assumed to be saturated
with traffic (i.e., the blocking of base station A exceeds acceptable rates). New base stations are
therefore needed in the region to increase the number of channels in the area and to reduce the
area served by the single base station. Note in the figure that the original base station A has been
surrounded by six new microcells. In the example shown in Figure 3.8, the smaller cells were
added in such a way as to preserve the frequency reuse plan of the system. For example, the
microcell base station labeled G was placed half way between two larger stations utilizing the
same channel set G. This is also the case for the other microcells in the figure. As can be seen
from Figure 3.8, cell splitting merely scales the geometry of the cluster. In this case, the radius

of each new microcell is half that of the original cell.

ch a way that the radius of every cell

— A«C«feve Rorof

£ hawwels
— Kepc«[/’ﬁ/
= D/K U»\O’Lagq
J
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