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The Cellular Concept

A geographic area is divided into a number of small areas (cells),
each cell is allocated a subset of the available frequencies
(channels).

Reuse of radio channels in different cells separated by a
sufficient distance to minimize interference.

Offer very high capacity in a limited spectrum without major
technological changes.

A finite number of channels can serve an arbitrarily large
number of users by reusing the channel throughout the
coverage region.
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Frequency Reuse

Each cellular base station is allocated a group of radio channels
within a small geographic area called a cell.

Neighboring cells are assigned different channel groups.

By limiting the coverage area to within the boundary of the cell,
the channel groups may be reused to cover different cells.

Keep interference levels within tolerable limits.
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19-cell reuse example (N=19)

Figure 3.2 Method of locating co-channel cells in a cellular system. In this example, N =19 (i.e., | =3, %

j = 2). (Adapted from [Oet83] © IEEE.)



Frequency Reuse Ratio and

Cluster Size

Table 5.1 Frequency Reuse Ratio and Cluster Size

Frequency Reuse Pattern

Cluster Size

Frequency Reuse Ratio

(i, j) N q

(1, 1) 3 3.00
2,0) 4 3.46
2, 1) 7 4.58
(3, 0) 9 5.20
(2,2} 12 6.00
(3, 1) 13 6.24
(3,2) 19 1.5%
4, 1) 21 7.94
(3, 3) 27 9.00
4, 2) 98 9.17
4, 3) 37 10.54
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Cell Clusters

(c)i=2andj=2

Figure 5.2 Cell clusters.
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First tier

Second tier

Figure 5.4 Two tiered interfering cells with N = 7.
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Channel Assignment Strategies

Frequency reuse scheme

— Increases capacity

— minimize interference
Channel assignment strategy

— fixed channel assignment

— dynamic channel assignment
Fixed channel assignment

— each cell is allocated a predetermined set of voice channel

— any new call attempt can only be served by the unused channels
— the call will be blocked if all channels in that cell are occupied
Dynamic channel assignment

— channels are not allocated to cells permanently.

— allocate channels based on request.

— reduce the likelihood of blocking, increase capacity.
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Handoff Strategies

When a mobile moves into a different cell while a conversation
IS In progress, the MSC automatically transfers the call to a new
channel belonging to the new base station.

Handoff operation

identifying a new base station

re-allocating the voice and control channels with the new base
station.

Handoff Threshold

Minimum usable signal for acceptable voice quality (-90dBm to -
100dBm)

Handoff margin - A =P, ot — P minimumusale  CANNOt be too large or
too small.

If A istoo large, unnecessary handoffs burden the MSC

If A istoo small, there may be insufficient time to complete
handoff before a call is lost.
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HANDOVER

— RSS measurements made by the BSs and supervised by the MSC
— the BS constantly monitors RSS of all the voice channels

— locator receiver measures RSS of MSs in neighboring cells

— MSC decides if a handover is necessary or not

— handover decisions are mobile assisted - MAHO

— every MS measures the RSS from surrounding BSs and sends
reports to its own BS

— handover is initiated when RSS received from a neighbor BS begins
to exceed RSS from the current BS (by a certain level and/or for a
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Handoff must ensure that the drop in the measured signal is not
due to momentary fading and that the mobile is actually moving
away from the serving base station.

Running average measurement of signal strength should be
optimized so that unnecessary handoffs are avoided.
— Depends on the speed at which the vehicle is moving.

— The speed can be estimated from the statistics of the received
short-term fading signal at the base station
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Practical Handoff Consideration

Different type of users
— High speed users need frequent handoff during a call.
— Low speed users may never need a handoff during a call.

Microcells to provide capacity, the MSC can become burdened if
high speed users are constantly being passed between very
small cells.
Minimize handoff intervention

— handle the simultaneous traffic of high speed and low speed users.

Large and small cells can be located at a single location
(umbrella cell)

— different antenna height

— different power level
Cell dragging problem: pedestrian users provide a very strong
signal to the base station

— The user may travel deep within a neighboring cell
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Umbrella Cells

Small microcells for

Large “ambrella” cell for low speed traffic
high speed traffic

Figure 3.4 The umbrella cell approach.



Handoff for first generation analog cellular systems
— 10 secs handoff time
— A Isinthe order of 6 dB to 12 dB

Handoff for second generation cellular systems, e.g., GSM
— 1 to 2 seconds handoff time
— mobile assists handoff
— A isinthe order of 0 dB to 6 dB

— Handoff decisions based on signal strength, co-channel
interference, and adjacent channel interference.

|1S-95 CDMA spread spectrum cellular system
— Mobiles share the channel in every cell.
— No physical change of channel during handoff

— MSC decides the base station with the best receiving signal as the
service station

© 2002 Pearson Education, Inc. Commercial use, distribution, or sale prohibited.



HANDOVER

— The network makes the decision
= BS monitors the signal strength and quality from the MS
» Network uses multiple (current and surrounding) BSs to supervise the
quality of all current connections by making measurements of RSS
» MSC makes the decision when and where to effect the handoff
= Heavy network signaling traffic and limited radio resources at BSs
prevent frequent measurements of neighboring links = long HO times
— HO times : up to 10s or more

— the mobile provides data which the network uses to make the decision
— essentially it is a variant of NCHO
— HO times can be reduced (about 1s in GSM)

— MS decides for itself by monitoring signal strength and quality from the

current and candidate base stations; when it finds a “better’” candidate
it initiates a handoff
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Base Base
station A station B
A Received signal at Received signal at
base station A base station B

(a) Handoff decision as a function of handoff scheme

Figure 10.7 Handoff between Two Cells
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Methods to determine the instant of handoff

Relative Signal Strength: The mobile unit is handed off from BS (A) to
BS(B) when the signal strength at (B) first exceeds that of (A).

— Hand off occurs at point L1
— Disadvantage is the ping-pong effect (repeated handoff A-B).

Relative signal strength with threshold: Handoff only occurs if

1) Signal at the current BS is sufficiently weak (less than a given
threshold), 2) The 2"d BS has a stronger signal.

The ideais that as long as the signal of the current BS is sufficient,
handoff is unnecessary.

If threshold is high (Th1) this method performs as the previous one
(i.e. at L1). With threshold (Th2) handoff occurs at (L2). With threshold
(Th3) handoff occurs at (L4) which is far into the new cell.
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Relative signal strength with hysteresis: Handoff occurs only if the

new BS is sufficiently stronger (by a margin of H) than the current one.

Handoff occurs at L3. This method prevents the ping-pong effect.

— Disadvantage: The handoff may be unnecessary and BS(A) may still has sufficient
signal strength.

Relative signal stremgth with hysteresis and threshold: Handoff
occurs only if: 1) the current signal level drops below a threshold
2) BS(B) is stronger than BS(A) by a margin (H).

« Thland Th2resultin handoff at L3.

« Th3resultin handoff at L4.
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Smaller N Is greater capacity

Table 3.1 Co-channel Reuse Ratio for Some Values of N

Cluster Size (N) Co-channel Reuse Ratio (Q)

=1,/ =1 3 3
;:ljzz 7 4.58
1 =2,) =2 12 6

i=1,j =3 13 6.24
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Co-channel cells for 7-cell reuse

Figure 3.5 lllustration of the first tier of co-channel cells for a cluster size of N = 7. An approxi-
mation of the exact geometry is shown here, whereas the exact geometry is given in [Lee86].
When the mobile is at the cell boundary (point X), it experiences worst case co-channel interfer-
ence on the forward channel. The marked distances between the mobile and different co-channel
cells are based on approximations made for easy analysis.

© 2002 Pearson Education, Inc. Commercial use, distribution, or sale prohibited.



AMPS Duopoly Channels

Table 3.2 AMPS Channel Allocation for A and B Side Carriers
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Key Definitions for Trunked
Radio

Table 3.3 Definitions of Common Terms Used in Trunking Theory

Set-up Time: The time required to allocate a trunked radio channel to a requesting user.

Blocked Call: Call which cannot be completed at time of request, due to congestion. Also reterred to
as a lost call.

Holding Time: Average duration of a typical call. Denoted by H (in seconds).

Traffic Intensity: Measure of channel time utilization, which is the average channel occupancy mea-
sured in Erlangs. This is a dimensionless quantity and may be used to measure the time utiliza-
tion of single or multiple channels. Denoted by A.

Load: Traffic intensity across the entire trunked radio system, measured in Erlangs.

Grade of Service (GOS): A measure of congestion which is specitied as the probability of a call being
blocked (for Erlang B), or the probability of a call being delayed beyond a certain amount of
time (for Erlang C).

Request Rate: The average number of call requests per unit time. Denoted by A seconds™
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Erlang B Trunking GOS

Table 3.4 Capacity of an Erlang B System

Number of Capacity (Erlangs) for GOS

Channels C = 0.01 = 0.005 = 0.002 = 0.001
2 0.153 0.105 0.065 0.046
4 0.869 0.701 0.535 0.439
5 1.36 1.13 0.900 0.762
10 4.46 3.96 3.43 3.09
20 12.0 1.1 10.1 9.41
24 15.3 14.2 13.0 12.2
40 29.0 27.3 25.7 24.5
70 56.1 53.7 51.0 49.2

100 84.1 80.9 774 75.2
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Erlang B

Number of Trunked Channels (C)
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Figure 3.6 The Erlang B chart showing the probability of blocking as functions of the number of channels and traffic intensity in Erlangs.
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Erlang C
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Figure 3.7 The Erlang C chart showing the probability of a call being delayed as a function of the number of channels and traffic
intensity in Erlangs.
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Cells are split to add channels
with no new spectrum usage

Figure 3.8 lllustration of cell splitting.



Cell Splitting iIncreases capacity

Figure 3.9 lllustration of cell splitting within a 3 km by 3 km square centered around base station A.
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Sectoring improves S/
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Figure 3.10 (a) 120" sectoring; (b) 60° sectoring.
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Sectoring improves S/

Figure 3.11 lllustration of how 120° sectoring reduces interference from co-channel cells. Out of the
6 co-channel cells in the first tier, only two of them interfere with the center cell. If omnidirectional
antennas were used at each base station, all six co-channel cells would interfere with the center cell.
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In-building deployment Is the
next great growth phase

Rooftop Antenna

TR

[ .1

Microcell Tower

= Repeater

Figure 3.12 lllustration of how a distributed antenna system (DAS) may be used inside a building.
Figure produced in SitePlanner®. (Courtesy of Wireless Valley Communications Inc.)
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The Zone Cell Concept

Microwave
or fiber optic

link P N

Base
Station

Zone Selector

Figure 3.13 The microcell concept [adapted from [Lee91b] © |IEEE].
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Zone Cell Concept

Figure 3.14 Define D, D,, R, and R, for a microcell architecture with N = 7. The smaller hexagons

form zones and three hexagons (outlined in bold) together form a cell. Six nearest co-channel cells
are shown.
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