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This scenario was selected to simulate the typical handaver in mobile netwarks.

Input Parameters

really urban? gs we discussed urban is hased on Tokyo. Thus I'd rather

=
= GSM: 1800 MHz g“"%y/}b “g S)-S
= UMTS: 2100 MHz df }/(Jq /'70’LL I

Here are the parameters used, assuming it's in an urban are,
suggest to use suburban environment). —

Frequencies:

= Range between towers: 15 km - very optimistic, typical distances are between 1.5 and 3 km, see
httpfwnw finnsenderen_gadipnsender & ’
= Height of transmitters] 50 m were old design, now antenna heights are typical 15... 30 m )
NLl . = Heightofr s /14 ) :
S v\"'\ W Data rate‘i2_2 kbps ) !9"‘)' SUK [0‘\.&,'15“‘ ™~
Rdd~d\ flj\‘ﬂ- Equipment Temperature: 283.15 K (20 celsius) vora { n
M = Traveling at 60 km/h (Q
"‘0 'k‘.L A ) ) DC'I"i - | 4
’
V\O\ nalysis and explanation H!- Pe_ \\3
Handover between GSM and UMTS, assuming same height of the transmitter, rs,fandfthat receiver height is cons )/
{

= Hit fading margin for GSM at- 9.9745 km, -114.2460 dB. h(..*‘\) 0 fl‘ || ‘R q
A

» Hit fading margin for UMTS at 8 8655 km, -114 4200 dB.
» This gives us a stretch of 3. 8400 km where we can perform handover succ ly between GSM and UMTS. L )3
oL\

= We have around 3 minutes and 50 seconds to complete the handover at current speed. = y\(\o
» Between UMTS/UMTS, we have a stretch of 2 7310 km where we can perform handover. C( \(
» We have around 2 minutes and 43 seconds to complete the handover at current speed. S

Ta se the full code and tables, see Click here to go to Simulations.

Conclusions

With these parameters we have 3 minutes and 50 seconds to complete handaver (GSM - UMTS). The handover would be successful
without a break.

Ratwaon | IMTS HIMTS wa haus annravimataly 2 minitac and A7 carande tn ramnlata a cnirracefil handausar
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Assuming new value for transmitter height of UMTS (recommended numbers are 30-200m), and assuming that the Hata model does not
give entirely wrong results non-recommended parameters are used, we can try to create a better estimate. Using a near 0 value for the
802.11b height (sea level lower than ground level, antenna barely above ground) and the Hata suburban model, we get these results:

Propagation prediction - Hata Suburban
1 T T T I I
ok — Signal strength WLAN 802 11b
———— Signal sirength UMT32100
Fading margin WLAN

ﬁ___‘[_ﬁ_z_(m,ﬁ_o_;,,___ Jved eS|

T

— = —Receiver sensitivity UMTS

0l \ S[’A.“«l‘\l/a‘ h "‘;L{ ———5648

sl { /Hﬁ}a il
T ]
#5 }u"l'u/ \ il

Signal strength (d)

05|
L I - 1 L L L L
100 200 300 400 00 600 700

Distance (m)

» Fading margin for 802 11b hit at 94 2 m, at signal strength -84 9174

= UMTS never dips below fading margin.

= Driving speed 20 km/h, walking speed 3 km/h.

= This gives us around 16 96 seconds from when we start driving to we hit the fading margin for 802 11b. For walking, 113 .04 seconds.
= We . This gives us a time nds from when we start to drive, or 48.44 seconds if we walk.

= [f we want to start handover at -66 dB, these are themmes we would use. If we want to finish handover at -66 dB, we must subtract the
handover time.

Alternate code: Scenario_2_alternate_code

[ v
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Code for this scenario: Scenario_3_code

Maximum distance

Objective: find maximum distance between APs a
speed of 3 km/h.

20 F3 30 35 40 45 50
Distance {m)

We never hit the fading margin, and should have no problems doing handovers.

ita rate for 100 ms handover and 2 second handover. Assume walking
PR

0f

Signal strength (46)

—
Propagation prediction - Hata Suburban
@2 T T T T T I
~——— Signal strength 802.11b 2400 MHz
——— Signal strength 802.11a 5200 MHz
| Fading margin 802.11b
of

—~ — = Fading Margin 802112 H
Receiver sensitivity 802.1b
— — = Recever Sensitivty 802,112

1 1 1
150

L R SO W TR

PN S

200 280 300 350

Distance {m)

= Calculating the stretch traveled at 3 km/h in 2 seconds, we get 1.66..m. For 100 ms, we get 0.0833..m.
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speed of 3 km/h. ‘ 1l

Propagation prediction - Hata Suburban
T T T T T

1
~ Signal strength 802.11b 2400 MHz

—— Signal strengih 802 11a 5200 MHz

Fading margin 802.11b

ol — — = Fading Margin 802.11a

Receiver sensitivity 802,116

| — — —Receiver Sensitivly 802112

)
T

Signal strength (dB)

- s . i m“fﬂlé ﬁmydllﬂ?%

Distance ()
N 0An, % Q% lﬁs/-
» Calculating the stretch traveled at 3 km/h in 2 secands, we get

@ _For 1;; ms, we get 00833 m. 7'?’"3
= The max range with these variables gives us (from base to fading margin) m for 802.11b an réo2.11a

= \We need these to overlap for at least 1.66...m for the two second handover anﬂma 0.0833._.m for th andover.
= We can simply add them together and subtract the handover stretch to find the maximum distance.
» This gives us a maximum range of ~329 9192m forth@cond handover and ~331,5026m for the,
= The difference corresponds to the difference between theHandover stretches.

Scenario 4 ';30‘\1 ’\7-21‘_’ ?Z-Zh X

Handover between UMTS and UMTS, assuming same height of the transmitter towers, and that receiver height is consistent. Objective \?7
to find the maximum distance between transmitters for various handover times and various traveling speeds.

To do this, we need the distance traveled during handover. See the table below.

[ v
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g 05 =
0

1o B
15 -
420 -

425 1 | 1 1 | 1 1 | 1 1 | 1 1 1 1 1 1 1 1 L

0 01 02 03 04 05 06 07 08 09 1 11 12 13 14 15 18 17 18 18 2
Distance (m) x10*

| could only find the distance between the fransmitters rounded up/down to the nearest ten meters. Trying for the nearest whole meter, my
laptop ran out of memory.

See table below for results:

o~ - 54((_ 'I["hS("\o(lV'

Max distance hetweerr(ransmitters [km] Available handover stretch [m]
/P |srs005 Np
[ 19909 ) 37 8205 " Lo
\ 20 / 27 8905 22
20.02 7.8905 )
/2003y -21095
N — -

Comparing the two tables, we get:

As we can see, with a 2 second handover the maximum distance varies with up to ~70 meters, and with a 100 ms one it only varies with a

fouwr matare flace than tan nranhahlv lace than fival

Speed 2 sec handover 100 ms handover
120 km/h ~19.96 km ~20.02-20.03 km

60 km/h ~19.99-20 km ~20.02-20.03 km

3 km/h ~20.02-20.03 km ~20.02-20.03 km
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