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Handover Decision Making
Mechanism

Dwuring an active connection the UE
and base station(s) continu-

ously measure the neighbouring cells
and teminals in the neighbouring cells
respectively (signal strength, quality,
interference level) and report the
measurement results to the RNC.

The RNC checks whether the reports
meet any criteria triggering handowver.

If the criteria are fulfilled, the new
connection is established (hard hando-
ver) or added to the the active set
(soft handowver).

When commanded by the RNC the UE
activates the new connection.
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Handover Introduction --- Interfrequency Handover

Handowver Decision
Making Mechanism
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Hard/Interfrequency Hard/Intrafrequency Inter-System
Handower Handaowver Handower

Soft Handower Softer Handover |

Hard Handover of the Interfre-
quency type is a 'G5M-like’ handowver
made between two WCDMA frequen-
cies (F1,F2).

In case of a hard handover, the con-
nection through the old cell (A) is
cleared and the connection to the
radio network continues through the
new cell (B). An interfrequency han- B

dover can also be made between two S BS
frequencies within the same cell.

L

Hard Handowvers are not recommended “a

but may be necessary in some cases. Old connection ""- & New connection
(released before m
the handower) Se—
UE

Cell A Cell B
Freguency F1 Fregquency F2
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Handover Introduction --- Intrafrequency Handover

Handower Decision
Making Mechanism
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Hard/Interfrequency ( Hard/Intrafrequency Inter-System
Soft Handower Softer Handowver Handawer L Handover Hand v
S —
Hard Handover of the Intrafre- RNC RNC

quency type is performed if the Iur {
interface is not available. ! k|=————————= X ----------- ’

This situation may arise if the hando-
ver involves two RNCs that are sup-

plied by different manufacturers. Iub Tub

In a hard intrafrequency handowver
the UE transmits within the same BS

frequency band but terminates the BS
old connection before the new con-
nection can be established. il
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Handover Introduction --- Intersystem Handover

Handowver Decision
Making Mechanism
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Saft Handover Softer Handaver Hard/Interfrequency Hard/Intrafrequency Inter-System
Handower Handower Handower -
v

An  Inter-System Handowver s
needed for changing the radio access
technology when required (e.g.,
between WCDMA and GSM) in a
seamless way.

The passibility of performing an

inter-system handover is enabled in ) o ’
WCDMA by a special functional mode, < Identity information >
Slotted Mode.

When the UE uses the Uu interface in B5 BTS

Slotted Mode, the contents of the Uu
interface frame are "compressed” in
order to open a time window through

which the UE is able to peek and WCDMA Mode - Slotted Mode
decode the G5M BCCH information. 1 L
Additionally, both the WCDMA RAN UE

and GSM BSS must be able to send

each other's identity information on

the BCCH and BCH channels so that
the UE is able to perform the decod-
ing properly.

WCDMA GSM900/1800
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Handover Introduction --- Soft Handover

Handowver Decision
Making Mechanism
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< Soft Handowver ) Softer Handover

Hard/Interfrequency
Handover

Hard/Intrafrequency
Handowver

Inter-System
Handover

Soft Handover provides a facility to
send the same signal simultaneously
through different cells {A,B).

During soft handover the UE has avail-
able two or more connections

to different base stations [using differ-
ent radio links) which may be con-
nected to different RNCs.

In the downlink direction, the signals
received by the UE can be combined in
the Rake receiver by adjusting different
fingers to synchronise the signals.

In the uplink direction {where the
signal could be received via several
RNCs) macro diversity combining is
needed for combining the separately
received data in a single RNC.

BS

BS

Old connection mmmm

Cell A
Frequency F1

UE

Cell B
Frequency F1




Handover Introduction --- Softer Handover

Handowver Decision
Making Mechanism

v v v .

d ) ard/Interfrequency Hard/Intrafrequency Inter-System
Soft Handowver 1\ Softer Handover )‘ Handover Handover Handover

Softer Handover takes place when
the UE can be reached by two adja-
cent sectors (A,B) of the base station.

Like in soft handover, different air
interface channels are used for trans-
mitting the same signal.

Both uplink and downlink signals can
be processed in Rake receivers. In B
downlink, different sectors may use S
differnet codes.

Old connection MNew connection

Sector A UE Sector B
Frequency F1 Frequency F1
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NETSIM Introduction

NETSIM - simulation tool for study of planning methods and control
algorithm for WCDMA cellular Radio Network

Platform: Unix

Language: C

NETSIM can simulate: Voice and data service, packet switched traffic,

Simulation result:

circuit switched traffic, different user behavior,
Radio network control functions (HO, Admission,

Power Control)

System capacity as a function of traffic,

performance of network control algorithm, etc.
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s ... NETSIM Structure and Modules --- Structure

/ Traffic Model Network Model

WCDMA Simulation

1. Uplink algorithm;

2. Downlink algorithm;
3. Access Control

4. Admission control;

Channel Simulator

5. Soft handover
6. Power control

Network Simulator

Network Performance Analysis NET S IU
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Channel Simulator of NETSIM

 Current version using Raytracing

model

Building
— MS route

@ Base Station

* Impulse response is
W)=Y a,50-1,)exp(j6,)

« Advantage: Model considered as accurate

 Disadvantages: Computing intensive (large

Memory and long simulation time required)

Map of simulation environment
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Network Simulator of NETSIM

Traffic Model Network Model

WCDMA Simulation

1. Uplink algorithm;

2. Downlink algorithm;
3. Access Control

4. Admission control;
5. Soft handover

6. Power control

=
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Network Performance Analysis




NETSIM Structure and Modules --- Modules

Initializa

ion Module

Generation Module

Traffic Module

L Mobile Station J

Mobility Module

Propagation Module

Interference Module v

L Radio Channel J

Average Module

Access Module

Admission Module

Base

Active set Module

Station

Quality Module

Power Modlule
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Soft Handover algorithms Introduction
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Handover Introduction --- Soft Handover

Handowver Decision
Making Mechanism
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< Soft Handowver ) Softer Handover

Hard/Interfrequency
Handover

Hard/Intrafrequency
Handowver

Inter-System
Handover

Soft Handover provides a facility to
send the same signal simultaneously
through different cells {A,B).

During soft handover the UE has avail-
able two or more connections

to different base stations [using differ-
ent radio links) which may be con-
nected to different RNCs.

In the downlink direction, the signals
received by the UE can be combined in
the Rake receiver by adjusting different
fingers to synchronise the signals.

In the uplink direction {where the
signal could be received via several
RNCs) macro diversity combining is
needed for combining the separately
received data in a single RNC.

BS

BS

Old connection mmmm

Cell A
Frequency F1

UE

Cell B
Frequency F1
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Soft Handover algorithm Introduction

--- “Window-average” algorithm
A AT AT
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Figure of window-average algorithm from 3GPP 25.922 3/02
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Soft Handover algorithm Introduction

-—- “Window-

Begin

eas_Sign > Best_SS
—As_Th -

average” algorithm flow chart
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nt 1B)

Remove Worst_Bs in
the Active Set

Tas_Sign > Bm
+ as_Th_Hyst

for a period of AT

Yes
(Event 1A)

Active Set Full

Best_Cand_Ss > Worst_Old_Ss
As_Rep_Hyst
for a period of AT

Yes
(Event 1C)

Add Best BS in Active
Set and Remove Worst
Bs from th Active Set

<

Add Best_Bs in the Active
Set

Flow chart of window-average algorithm from 3GPP 25.922 3/02
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Parameters for “Window-average” algorithm

Parameters:

« AS Th

* AS Th hyst

* AS Rep hyst

* HO Add time
* HO Drop time

Threshold of Marco-diversity gain in “Window-average” algorithm
Hysteresis of AS Th

Replacing Hysteresis in “Window-average” algorithm

Evaluating window size to add candidate to active set list

Evaluating window size to drop one from active set list
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Soft Handover algorithm Introduction

--- “Real-time” algorithm

* Always connect to the cells with better or best signal quality

* Swap the cells in the active set frequently

Response quickly to the change of the communication channel

No window to evaluate the receiving signal

Soft handover gain is fixed (equal to the Marco-diversity gain)
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Parameters for “Real-time” algorithm

Parameters:

* AS 3 ratio Marco-diversity gain when using 3 active set in the
Soft handover procedure in “Real-time” algorithm

* AS 2 ratio Marco-diversity gain when using 2 active set in the

Soft handover procedure in “Real-time” algorithm
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Simulation result and Performance study
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Performance study for different algorithms

--- “Window-average” algorithm (1-1)

AS active Threshold 3.98(equal to 6 dB)
AS active Threshold Hysteresis 1.58(equal to 2 dB)
AS active Replacement Threshold Hysteresis 3.98(equal to 6 dB)
AS active Handover add window size 0.5(second)
AS active Handover drop window size 0.5(second)

Group 1 Parameters set



Performance study for different algorithms

--- “Window-average” algorithm (1-2)

100.00%

90.00%
80.00% -
70.00%
60.00% -
50.00%
40.00% -
30.00%
20.00% -
10.00% |

Percentage (%)

0.00%

Successful call vs. drop call

(Windowsize = 0.5, AS Th=6dB, AS Rep Th=6dB)

79.50%

79.19%

20.50% 20.81%

@ Calls ended nomally
@ Nr. of quality fail calls

AS=3 AS=2

Maximum active set size

Percentage of acting different racio links in the SHO procedure
(Windowsize =0.5s, AS TH=6dB, As Rep Th=6dB)

100.00%

90.00%

80.00%
70.00%

Percentage(%)

0.00%

60.00%
50.00% |
40.00% -
30.00%
20.00%
10.00% -

mActing 3 radio link case in this
simuation loop

W Acting 2 radio link case in this
simulation loop

OActing 1 radio link case in this
simulation loop

98B.23% D17%
0.03% 7% 0.83%
AS=3 AS=2
Maximum active set size

Simulation result of parameter set group1
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Performance study for different algorithms

--- “Window-average” algorithm (2-1)

AS active Threshold 2.512(equal to 4 dB)
AS active Threshold Hysteresis 1.58(equal to 2 dB)
AS active Replacement Threshold Hysteresis 2.512(equal to 4 dB)
AS active Handover add window size 0.5(second)
AS active Handover drop window size 0.5(second)

Group 2 Parameters set



Performance study for different algorithms
--- “Window-average” algorithm (2-2)

Successful call vs. Drop call Percentage of acting different radio links case in SHO procedure
(Windowsize =0.5s, AS_ Th=4dB, AS Rep_ Th=4dB) (Window size = 0.5s, AS_Th=4dB,AS_Rep Th=4dB)
99.31% 98.97%
100.00% 100.00% — —
0% 81.65% 90.00%
80.00% - 80.00% —
~ 70.00% 1 ~ 70.00% | |@Acting 3 radio link case in this
 50.00% < 60.00% | simulation loop
& oot [ Calls ended nomrally & o | m Acting 2 radio link case in this
:,:: .00% EN- quality falures u E . 5 simulation loop
8 40.00% - o 40.00% 1 OActing 1 radio link case in this
& 30.00% - o0.78% a 30.00% - simulation loop
e 18.35%
20.00% - 20.00% —
o] . ] oy | -
0.00% 0.00%
AS=3 AS=2 AS=3 AS=2
Maximum Active set size Maximum Active Set size

Simulation result of parameter set group2
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Performance study for different algorithms

--- “Window-average” algorithm (3-1)

AS active Threshold 2.512(equal to 4 dB)
AS active Threshold Hysteresis 1.58(equal to 2 dB)
AS active Replacement Threshold Hysteresis 2.512(equal to 4 dB)
AS active Handover add window size 0.1(second)
AS active Handover drop window size 0.1(second)

Group 3 Parameters set



Performance study for different algorithms
--- “Window-average” algorithm (3-2)

ND.00%

80.00% -
70.00%

2 60.00%

o
=

%5).(1%—
§ 4000% |
g‘_: 0.00% |

2000%

10.00%

0.00%

Successful calls vs. Drop calls

(Wdowsize =01s AS Th=4dB, AS Rep Th=4dB)

728%

80.5%

27 17%

19.06%

B

[ Cdls ended namrdly
mN-. quity falures u

AS=3

AS2

Maximumadtive set size

Percentage (%)

120.00%

100.00%

80.00%

60.00% -

40.00%

20.00%

0.00%

Percentage of acting different radio links case
(Windowssize =0.1 s AS Th=4dB, AS Rep_Th=4dB)

mActing 3 radio link case in this
simulation loop

W Acting 2 radio link case in this
simulation loop

OActing 1 radio link case in this
simulation loop

97.97% 9.82%
0079 9% S18%
AS=3 AS=2
Maximum active set size

Simulation result of parameter set group3
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Performance study for different algorithms

--- “Window-average” algorithm summary(1)

Conrparison table of successful calls and drop calls Percentage of acting different radio links case with different
(MaximumActive set size is 3) paraneters sets (Maximumactive set size is 3)
0.00% 12000%
00 79.50% 79.2% e
W1 — B.23° . 97.97%
’ s 100.00% 2% - e
70.00% A
@ Acting 3radolink case inthis
%ED.(D%— ® 80.00% simuiationlocp
g 50.00% @ Cdls ended nomrally ..g B0.00% W Acting 2 rado link case inthis
. 0 | . .

g 40.00% m N of qudity failures § simuation loop
[ A7 1% [ 0 Acting 1 radolink case inthis
o g o |

0.00% 2250% 0.7% A000% simuiation loop

2000%

10.00% 0%

] 00885 | 00BeY | 0oARYe
0.00% 0.00% ‘ ‘
WS=05 WS=05 WS=071; WS=05 WS=05 WS=071;
AsTe6b  AsTe4d  As The4d As The6b  As Tedd  As Thedd
Different Parameters sets Different parameters sets

Simulation result of different parameter sets of “Window-average algorithm” (AS=3)
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Performance study for different algorithms

--- “Window-average” algorithm summary(2)

Conparison Table of successful call and drop call

@ Cdls ended nomrlly
mN. of qudity failures

(Maximumactive set size is 2)
D.0% —— 81.65% 80.95%
80.00% -
70.00%
&2 60.00% |
50.00% |
8
£ 40.00% -
Q
o
2 30.00% ,
s 2081% 1835% 19.06%
2000% -
10.00% F F l:
0.00% ; ‘
We=05 ~ Ws=05  WS=0f;
AsTEED  AsTedb  As Te4d
Different parameters sets

Percentage of acting different radio links case with different
paraneters sets (Mexinumactive set sizeis 2)
120.00%
D 17% BIY%
100.00% SR
< 8000% , , .
< mAdting 2radolirk caseinthis
s simuation|
g 60.00% . OOp -
S mActing 1 radolirk caseinthis
o simuation loop
o 40.00%-
o
2000%-
0.83 1.0%9 318
0.00%
WS=05 WS=05 Ws=01,
AsTre6b  As Thedd  As Thedd
Diffemt parameters sets

Simulation result of different parameter sets of “Window-average algorithm” (AS=2)
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Performance study for different algorithms

--- “Window-average” algorithm summary(3)

Conclusion:
* The performance is a little better when the active set size 1s 2
* In most time of the call procedure, the communication between the MS and
BS only using one radio link

« [t’s difficult for find the optimal parameters set for the “Window-average”
algorithm, we have to try a lot of parameters sets to get one better solution for

the “Window-average” algorithm
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Performance study for different algorithms

--- “Real-time” algorithm simulation result

percentage(%)

100.00%

90.00% -
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70.00%
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Successful call rate vs. drop call rate

(Real-tine agorithim)
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0.00%
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Maximum Active set size

Percentage(%)

100.00%
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70.00% -
60.00% -
50.00% -
40.00% -

30.00%

20.00%

10.00%
0.00%

Percentage of acting radio links in the sinulation loop

@ Acting 3 radio link case in this
simulation loop

W Acting 2 radio link case in this
simulation loop

OActing 1 radio link case in this
simulation loop

(Real-time algorithm)
87.29% 88.24%
8.62% 11.76%
1 4 090/.'
AS=3 AS=2

Maximum active set size

Simulation result of “Real-time” algorithm
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Performance study for different algorithms

--- “comparison between two algorithms

Conclusion:
* The “Real-time” algorithm is better than “Window-average” algorithm

» The “Real-time” algorithm always adopt the better channel for the
conversation. But the “window-average” algorithm need some average

window to adopt the optimal link
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Drop call trace tool
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Drop call Trace tool

--- Network drop call situation in Time 510

@ The drop call in SHO with 3AS
@ The drop call in SHO with 2AS
0O The drop call in SHO with 1AS
O The Base station's average SIR

Time:510 Relatioinship between Base Station SIR and Drop call
4
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2 8 — 744165 B
e -8.06245 '
=2 -
2 10 851664 |
-10.0525 L -10.1732
& 1o 11.0327
The 0 The 1 The 2 The 3 The 4 The 5 The 6
Base Base Base Base Base Base Base
station station station station station station station

Base station
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Drop call Trace tool

--- Network drop call situation in Time 520

Q)

@ The drop call in SHO with 3AS
@ The drop call in SHO with 2AS
O The drop call in SHO with 1AS
O The Base station's average SIR

Time:520
Relationship between Base Station and Drop call
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o 11.7081 98939
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> 20 1
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(]
3 30 | L
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€ .35
The O The 1 The 2 The 3 The 4 The 5 The 6
Base Base Base Base Base Base Base
station station station station station station station
Base station
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Future Work
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Future work

» More simulations with different parameters set are needed

 The Packet data service performance with different SHO algorithms is
need to be investigated

» More drop call trace analysis tool need to be integrated in NETSIM
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Thank you!

Questions?’
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