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__CELLULAR MOBILE COMMUNICATIONS

UNIT-V

HANDOFFS
WHY HAND OFF IS NECESSARY

In an a : g :
nalog system, once a call is established, the set-up channel is not used again during the call

eried. T ; .
p herefore, handoff is always implemented on the voice channel, In the digital systems, the handoff is

carried out through paging or common control channel. The value of implementing handoffs is dependent on
thj size of the cell. For example, if the radius of the -cell is 32 km (20 mi), the area is 3217 km~2(1256
mi*2). After a call is initiated in this area, there is little chance that it will be dropped before the call is terminated
as a result of a'weak signal at the coverage boundary. Then why bother to implement the handoff feature? Even
for.a 16-km radius, cell handoff may not be needed. If a call js dropped in a fringe area, the customer simply
redials and reconnects the call. Today the size of cells becomes smaller in order to increase capacity. Also people
talk longer. The handoffs are very essential. Handoff is needed in two situations where the cell site receives
weak signals from the mobile unit: (1) at the cell boundary, 5ay, =100 dBm, which is the level for requesting a
handoff in a noise-limited environment; and (2) when the mobile unit is reaching the signal-strength holes (gaps)

within the cell site as shown in Fig.1.

-100 cBm
(in a real situation)

—100 cBm
(an ideal situation)

-100 dBm

hole

7

Area where the
signal strength
is less than
-100 ¢Bm

handolf region

Fig.1. Occurrence of handoffs

WHAT ARE THE TWO DECISIONS MAKING PARAMETERS OF HANDOFF EXPLAIN
There are two decision-making parameters of handoff: (1) that based on signal strength and (2) that

based on carrier-to-interference ratio. The handoff criteria are different for these two types. In type 1, the
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CELLULAR MOBILE COMMUNICATIONS

T

' th threshold level
ignal streng for handoff is ~100 d8m in noise-limited systems and -95 dBm in interference-

jmited systems: In type 2, the value of C/l at the cell boundary for handoff should be at a level, 18 dB for AMPS

in order 10 have toll quality voice. Sometimes, a low value of /I may be used for capa'city reasons.

Type 1: It is €asy to implement. The location receiver at each cell site measures all the signal strengths of all
receivers at the cell site. However, the received signal strength (RSS) tself includes interference.

RSS=C+l|

Ci i i . .
where Cis the carrier signal power and | is the interference. Suppose that we set up a threshold level for RS5; then,

because of the |, which is sometimes very strong, the RSS level is higher and far above the handoff threshold level-
In this situation handoff should theoretically take place but does not. Another situation is when | is very low but
RSS is also low. In this situation, the voice quality usually is good even though the RSS level is low, but since RSS is

low, unnecessary handoff takes place. Therefore, it is an easy but not very accurate method of determining
handoffs. Some analog systems use SAT information together with the received signal level 0 determin€

handoffs. Some CDMA systems use pilot channel information.

Type 2: Handoffs can be controlled by using the carrier-to- interference ratio C/I cHN=C/l

e but | is dependent on the location. If the

o increase in (1) propagation dist
it is hard to measure

we can set a level based on C/I ,so C drops as a function of distanc
ance or

handoff is dependent on C/I, and if the C/I drops, it does so in response t

(2) interference. In both cases, handoff should take place. In today’s cellular s

modulation. Sometimes we measure th

ystems,

¢/l during a call because of analog e level | before the call is

connected, and the level C+ 1 during the call. Thus (C +1)/I can be obtained.

TYPES OF HANDOFF

There are four types of handoff:
1. INTERSECTOR OR SOFTER HANDOFF.
10-1). A RAKE receiver at the base

The mobile commumcates with two sectors of the same cell (see Fig.

station combines the best versions of the voice frame from the diversity antennas of the two sectors into a
single traffic frame.

2. INTERCELL OR SOFT HANDOFF.

The mobile communicates with two or three sectors of different cells (see Fig. 10-2). The base station that
has the direct control of call processing during handoff is referred to as the primary base station. The
primary basé station can initiate the forward control message. Other base stations that do not have control
over call processing are called the secondary base stations. Soft handoff ends when either the primary or
secondary base station is dropped. If the primary base station is dropped, the secondary base station

becomes the new primary for this call. A three-way soft handoff may end by first dropping one of the base

stati i
jons and becoming a two-way soft handoff. The base stations involved coordinate handoff by

ECE

3 WWW.UNTUFASTUPDATES.COM
Scanned with CamScanner

Page 69



7

exchanging information via 557 links. A soft handoff uses considerably more network resources than the
softer handoff.

Figure 10-1  Softer Handoff

Cell A Cell B

a
= RO

Cell C

D

Two-Way Soft Handof! Three-Way Soft Handoff
Figure 10-2 Soft Handoft

3. SOFT-SOFTER HANDOFF.

The mobile communicates with two sectors of one cell and one sector of another cell (see Fig. 10-3).
Network resources required for this type of handoff include the resources for a two-way soft handoff
between cell A and B plus the resources for a softer handoff at cell B.

4. HARD HANDOFF.

Hard handoffs are characterized by the break-before-make strategy. The connection with the old traffic

channel is broken before the connection with the new traffic channel is established. Scenarios for hard
handoff include

4 Handoff between base stations or sectors with different CDMA carriers

4 Change from one pilot to another pilot without first being in soft handoff with the new pilot (disjoint
active sets)

4 Handoff from CDMA to analog, and analog to CDMA

@ Change of frame offset assignment—CDMA traffic frames are 20 ms long. The start of frames in a
particular traffic channel can be at 0 time in reference to a system or it can be offset by up to 20 ms (allowed in IS-
95). This is known as the frame offset. CDMA traffic channels are assigned different frame offset to avoid

congestion. The frame offset for a particular traffic channel is communicated to the mobile. Both forward and
reverse links use this offset. A change in offset

ECE
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el A
Flgure 103 Goli-Gottar Handof

Assignment will disrupt the link, During soft handoff the new base station must allocate the same frame offset to

the mobile as assigned by the primary base station, If that particular frame offset is not available, 2 hard handoff

may be required, Frame offset is a network resource and can be used up

HANDOFF INITIATION

A hard handoff occurs when the old connection is broken be
ion criteria [1, 3, 13]. 1

fore a new connection js activated. The

t is assumed that the

performance evaluation of a hard handoff is based on various initiat
so that rapid fluctuations due to the multipath nature of the radio

ne to determine the shape 25 well as the length of the

environment can
averaging
S1) to

signal is averaged over time,

be eliminated, Numerous studies have been do
reliable, Figure 1,2 shows a MS moving from one BS (B

window and the older measurements may be un
the mean signal

ses a5 the MS moves away from it. Similarly,

another (B52). The mean signal strength of B51 decrea
e is used to explain various approaches described in

strength of BS2 increases a5 the MS approaches it. This figur

the following subsection.

1.3.1 RELATIVE SIGNAL STRENGTH
urement of

t received BS at all times, The decision is based on a mean meas

This method selects the stronges
ndoff would occur at position A. This method is observed to provoke too

the received signal. In Figure 1,2, the ha

ary handoffs, even when the signal of the current BS is still at an acceptable level.

many unnecess

1.3.2 RELATIVE SIGNAL STRENGTH WITH THRESHOLD
2 M5 to hand off only if the current signal is sufficiently weak (less than thresh

ct of the threshold depends on its relative value as compared to the signal

are equal. If the threshold is higher than this value, say T1 in

This method allows old) and the
other is the stronger of the two. The effe

strengths of the two BSs at the point at which they

Figure 1.2, this scheme performs exactly like the relative signal strength scheme, so the handoff occurs at position

A, If the threshold is lower than this value, say T2 in Figure 1.2, the MS would delay handoff until the current signal

level crosses the threshold at position B. In the case of T3, the delay may be so long that the MS drifts too far into

the new cell,
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Signal Strength

Signnl Strength

BS, MS
Figure 1.2 Signal strength and hysteresis between two adjacent BSs for potential handoff.

This reduces the quality of the communication link from BS1 and may result in a dropped call. In addition, this
results in additional interference to cochannel users, Thus, this scheme may create overlapping cell coverage
areas. A threshold is not used alone in actual practice because its effectiveness depends on prior knowledge of the
crossover signal strength between the current and candidate BSs.
1.3.3 RELATIVE SIGNAL STRENGTH WITH HYSTERESIS

This scheme allows a user to hand off only if the new BS is sufficiently stronger (by a hysteresis margin, h in
Figure 1.2) than the current one. In this case, the handoff would occur at point C. This technique prevents the so-
called ping-pong effect, the repeated handoff between two BSs caused by rapid fluctuations in the received signal
strengths from both BSs. The first handoff, however, may be unnecessary if the serving BS is sufficiently strong.
1.3.4 RELATIVE SIGNAL STRENGTH WITH HYSTERESIS AND THRESHOLD

This scheme hands a MS over to a new BS only if the current signal level drops below a threshold and the
target BS is stronger than the current one by a given hysteresis margin. In Figure 1.2, the handoff would occur at
point D if the threshold is T3
1.3.5 PREDICTION TECHNIQUES

Prediction techniques base the handoff decision on the expected future value of the received signal strength.

A technique has been proposed and simulated to indicate better results, in terms of reduction in the number of

unnecessary handoffs, than the relative signal strength, both without and with hysteresis, and threshold methods.

CONCEPT OF DELAYING A HANDOFF

In many cases, a two-handoff-level algorithm is used. The purpose of creating two request handoff
levels is to provide more opportunity for a successful handoff. A handoff could be delayed if no available cell
could take the call. A plot of signal strength with two request handoff levels and a threshold level is shown

in Fig.3. The plot of average signal strength is recorded on the channel received

ECE
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Fig.3. A two level handoff scheme
Signal strength indicator (RSSI), which is installed at each channel receiver at the cell site. When the signal
strength drops below the first handoff level, a handoff request is initiated. If for some reason the mobile unitis in a
hole (a weak spot in a cell) or a neighboring cell is busy, the handoff will be requested periodically every 5 s. At the
first handoff level, the handoff takes place if the new signal is stronger. However, when the second handoff level is
reached, the call will be handed off with no condition. The MSO always handles the handoff call first and the

originating calls second. If no neighboring calls are available after the second handoff level is reached, the call

continues until the signal strength drops below the threshold level; then the call is dropped. In AMPS
systems if the supervisory audio tone (SAT) is not sent back to the cell site by the mobile unit within 5 s, the cell
i site turns off the transmitter.
ADVANTAGES OF DELAYED HANDOFF
1. Consider the following example. The mobile units are moving randomly and the terrain contour is
uneven. The received signal strength at the mobile unit fluctuates up and down. If the mobile unit is
in a hole for less than 5 s (a driven distance of 140 m for 5 s, assuming a vehicle speed of 100 km/h),
the delay (in handoff) can even circumvent the need for a handoff. If the neighboring cells are busy,

delayed handoff may take place. In principle, when call traffic is heavy, the switching processor is

loaded, and thus a lower number of handoffs would help the processor handle call processing more

adequately. Of course, it is very likely that after the second handoff level is reached, the call may be
dropped with great probability.

2. The other advantage of having a two-handoff-level algorithm is that it makes thehandoff occur at
the proper location and eliminates possible interference in the system. Figure 3, case |, shows the
area where the first-level handoff occurs between cell A and cell B. If we only use the second-level
handoff boundary of cell A, the area of handoff is too close to cell B. Figure 3, case ll, also shows
where the second-level handoff occurs between cell A and cell C. This is because the first-level
handoff cannot be implemented.

POWER DIFFERENCE HANDOFF

A better algorithm is based on the power difference (_) of a mobile signal received by two cell sites, home and

handoff. _ can be positive or negative. The handoff occurs depending on a preset value of _.
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_=the mobile signal measured at the candidate handoff site
- The mobile signal measured at the home site
For example, the following cases can occur.

_>3 dB request a handoff

1dB <_< 3 dB prepare a handoff
-3dB <_< 0 dB monitoring the signal strength ¢
_<-3dB no handoff
Those numbers can be changed to fit the switch processor capacity. This algorithm is not based on
the received signal strength level, but on a relative (power difference) measurement. Therefore, when this
algorithm is used, all the call handoffs for different vehicles can occur at the same general location in spite of
different mobile antenna gains or heights.

FORCED HANDOFF

A forced handoff is defined as a handoff that would normally occur but is prevented from happening, or a handoff

that should not occur but is forced to happen.

MOBILE-ASSISTED HANDOFF

e
URTDUSSS

In a mobile-assisted handoff process, the MS makes measurements and the network makes thedecision. In the
circuit switched GSM (global system mobile), the BS controller (BSC) is in charge of the radio interface
management. This mainly means altocation and release of radio channels and handoff management. The handoff
time between handoff decisio.n and execution in such a circuit-switched GSM is approximately 1'second.

SOFT HANDOFF
SOFT HANDOFF (FORWARD LINK)

In this case all traffic channels assigned to the mobile are associated with pilots in the active set and carry the
same traffic information with the exception of power control subchannel. When the active set contains more than
one pilot, the mobile provides diversity by combining its associated forward traffic channels.

SOFT HANDOFF (REVERSE LINK)

During intercell handoff, the mobile sends the same information to both base stations. Each base station
receives the signal from the mobile with appropriate propagation delay. Each base station then transmits the
received signal to the vocoder/selector. In other words, two copies of the same frame are sent to the
vocoder/selector. The vocoder/selector selects the better frame and discards the other.

SOFTER HANDOFF (REVERSE LINK)

During intersector handoff, the mobile sends the same information to both sectors. The channel
card/element at the cell site receives the signals from both sectors. The channel card combines both inputs, and
only one frame is sent to the vocoder/selector. It should be noted that extra channel cards are not required to

support softer handoff as is the case for soft handoffs. The diversity gain from soft handoffs is more than the
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ity gain from softer handoffs - )
gersty s because signals from distinet cels are fess correlated than signals 1190 sector?

of the same cell,
10.2.4 BENEFIT OF SOFT HANDOFF

Akey benefit of soft handoff is the path diversity on the forward and reverse traffic channels, Diversity £210 i
obtained because less power is required on the forward and reverse links. This implies that total 5Y5tEM
interference is reduced. As a result, the average system capacity is improved, Also less transmit power from the
mobile results in longer battery life and longer talk time, In a soft handoff, if a mobile receives 20 up pones control
bit from one base station and a down control bit from the second base station, the mobile decreases its transmit
power. The mobile obeys the power down command since 3 good communications ink must have eristed 10

warrant the command from the second base station,
INTERSYSTEM HANDOFF

so) and enter

handoff can

Occasionally, a call may be Initisted in one cellular system (controlled by ¢ M

another system (controlled by another MSO) before terminating. In some instances, intersystem

i all is
take place; this means that a call handoff can be transferred from one system 10 3 second system O that the ©

: : .0 |
continued while the mobile unit enters the second system, The software in the MSO must be modified to applY

N i iginates 3
this situation. Consider the simple diagram shown in Fig.7. The car travels on a highway and the driver originate

: i B are
callin system A. Then the car leaves cell site A of system A and enters cell site B of system B. Cell sites A and

g ; hes
controlled by two different MSOs. When the mobile unit signal becomes weak in cell site A, MSO Asearc

for a candidate cell site in its system and cannot find one. Then MSO A sends

The handoff request to MSO B through a dedicated line petween MSO A and MSO B, and MSO B makes 2

e " : of
complete handoff during the call conversation. This is just a one-point connection case. There are many ways

implementing intersystem handoffs, depending on the actual circumstances. For instance, if two MSOs are

manufactured by different companies, then compatibility must pe determined before implementation of

intersystem handoff can be considered. .

Fig.7. Intersystem handoffs
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