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What Is optimal?

Modern networks target very diverse
usage patterns

)

-

D_ :—"’I B | _

%E Traffic types: voice, sms, video, tv, ...

LE e Traffic classes: low BW batch to high BW

j Interactive

QEQ Markets: mobile, fixed line replacement, ...
;EF Environments: dense urban microcell with

overlays to simple rural macrocell

bﬁf Optimal Is:
L FE sufficiently flexible resource management
il
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What Is load?

End-users expect service quality relative
. to what they are paying

They are only somewhat tolerant of the
network operator's problems

Coverage
Busy hour
Equipment outage

Load Is:

The service demand relative to the revenue
or profit opportunity

Dyaptive Load It. Tune It.
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How do we test?

Network Data
s - Call drops Forward link
o Call blocks throughput
LE e FER Reverse link
o-E Access Failures throughput
Hek Soft Handover Gain Latency
. Voice Delay
.@i ‘é BHCA Jitter
G MOS SNF
0§ 5 Erlangs atency
I.%Q@ Dyaptive Load It. Tune It.
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Are They Adequate?

Any one of these indicators can be maximized

given an idealized model of the network and the
subscriber

Often a real network or subscriber will not

conform to the required behavior to achieve the
maximum

Other indicators are marginalized during such
“optimization” because there is no value-
tradeoff of one for another

Dyaptive Load It. Tune It.
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Example — BHCA Results

Attempted to just measure, not even
: maximize, the Busy Hour Call Attempt
o8 performance of different networks
8

Nl Network configurations were “out-of-the-box”
g] or vendor recommendations

1.+ Used virtual mobiles to generate mobile-
@i’u‘i to-mobile call attempts

E35§ Mobiles attempted to generate 60K calls per
QEQE hour over 3 sectors

;'QEQ Dyaptive Load It. Tune It.
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BHCA Performance Indicators

B Rate at which mobiles originated call attempts
il Limited by access and call setup time in the network
;_] ___ Rate at which originating mobiles were able to successfully get
**0R to a traffic channel
L8 Limited by access success rate and resource allocations in the
network

Rate at which target mobiles were paged by the network
Limited by paging efficiency and resource allocations in the network

B Rate at which paged mobiles were able to successfully get to a
ai "f traffic channel

in FQ Limited by access success rate and resource allocations in the

| network

Aggregate BHCA rate

Dyaptive Load It. Tune It.
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N
BHCA Results — Network A
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« Call setup delay limits attempt rate to 19K origination attempts per
hour

Dyaptive svsTEms Load It. Tune It.
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N
BHCA Results — Network A
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+ 99.91% success in establishing a traffic channel

Dyaptive svsTEms Load It. Tune It.
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N
BHCA Results — Network A

I Crigination Atempts
Bl Criginstion Successes
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+ 99.98% of successful originations resulted in a page

Dyaptive svsTEms Load It. Tune It.
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BHCA Results — Network A

I Crigination Atempts
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Fw- e ]
Al : 64.52% of paged mobiles were able to complete the call setup

e Failures were due to resource allocation failures resulting from high
gigi; access channel load, not mobile access failures

!I!%Q@ _
| § . Dyaptwe Load It. Tune It.
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BHCA Results — Network A
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- Sustained BHCA capability of 38K at an average of 6% FER

Dyaptive svsTEms Load It. Tune It.
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N
BHCA Results — Network B
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« Call setup delay limits attempt rate to 16K origination attempts per
hour

Dyaptive svsTEms Load It. Tune It.

Copyright © Dyaptive Systems Inc. 2006 All Rights Reserved 14




N
BHCA Results — Network B

I Crigination Atempts
B Criginstion Successes
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+ 80.89% success in establishing a traffic channel

Dyaptive svsTEms Load It. Tune It.
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N
BHCA Results — Network B

I Crigination Atempts
Bl Criginstion Successes
Page Attempts
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+102.12% of successful originations resulted in a page

Dyaptive svsTEms Load It. Tune It.
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BHCA Results — Network B

I Crigination Atempts

Bl Criginstion Successes
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59.46% of paged mobiles were able to complete the call setup

Failures were due to mobile access failures and resource
allocation failures resulting from high access channel load

i m‘”‘* g£r
o -Fl

Dyaptive Load It. Tune It.
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BHCA Results — Network B

__________________________________________________________________________________________
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« Sustained BHCA capability of 29.5K at around 4% FER
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I EHCA,

Dyaptive svsTEms Load It. Tune It.

Copyright © Dyaptive Systems Inc. 2006 All Rights Reserved

18



L2 B
Exi
© Enr

S

c:‘-!'*
&1
Ry EIT

e

B a |

= =y O

T et g
-
(10 G - AR T s

s WL
&:&m @) =R
= El

E@i@

BHCA Results — Network C

preme e R rrrrt EEEEEEEEEEEE PR o-os-oos-osbe------o-i---l EEEE Originstion Attempts

. i i i ' C 0 0 Bl Criginstion Successes
R R R TR R e R Pace Attempts
. 27 I I I I I I I B Faoe Successes
160,000 r 5 5 5 5 | : : I 5HC A
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13K origination rate, 72.22% origination success rate, 70.55%
page rate, 80.75% page success rate

All failures due to resource allocation failures in the network
20K BHCA at 2% FER

Dyaptive Load It. Tune It.
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BHCA Results

NN

38,000 99.9% 100% 64.5% 97.0% 0.4% 6%
29,500 80.9% 84.6% 59.5% 89.2% 6.9% 4%
20,000 712.2% 50.9% 80.7% 99.8% 2.8% 2%
A B, C A B, C A B, C C,AB C,A B A,C,B| C,B A

* Which network is better?

What do you value more:
Call completion
Voice quality
Load management
Call setup time

-
il
.: ?.:’.:_"\‘.
e

Load It. Tune It.
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Why Is It So Hard

So¢

3G throws all resources into a common pool
The network operator must decide on an allocation strategy in an
attempt to optimize profit

Testing should verify the performance of the allocation strategy,
not just a single performance indicator
This becomes more valuable when measuring a network with
mixed air interfaces and price-differentiated services

GSM + W-CDMA + HSDPA / HSUPA

cdma2000 + DO-RA

Dyaptive Load It. Tune It.
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Testing the Allocation Strategy

_ The network exists to make money
Performance iIs the means to that end

. .% < Evaluate service performance and
?55«1 resource management tradeoffs based on
. the correlation with increased profit

Making decisions based on test results
becomes much easier

-~ Dyaptive Load It. Tune It.
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Developing a Profit Model

“lis Identify pricing based on Classes of Service (e.g. voice,
SMS, web, e-mall, ...)

[ E

o E Identify demand based on:
**0F Class of Service
LE e Price
Qé |dentify Quality of Experience, Quality of Service, and
gén ) Grade of Service thresholds based on:
’\; E Class of Service
E i 2 f Service Level Agreements
ldentify churn costs associated with violations of Quality
Q or Service thresholds
EE% |dentify operational costs
H'EEQ E.g. power requirements, customer support calls, ...
ol

Dyaptive Load It. Tune It
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. N
The Profit Model

Profit Model Framework ‘ 3G Network

o I o I G B GS Call

3 Pricing Demand Behavioral ‘ Admission

| CoS e vector Model | Control

3 Cos. P,(®) D(P,(1) VMT Group, | !

3 Cos: D1 P D D(P,) = VMT Group, —— Offered Load—>

o3 P,() D(P,() VMT Group, | | —_—

. ' ' ' | Scheduling

i — — -/ - e . J i

i ; _

—— Carried Load

| 1 Power

i | Management
<—Net Gain | QoS /QoE/ [—nRejected Load—— \ )

| GoS |

| Evaluation ; SLAs

‘ Operational

| Costs $ i

Dyaptive svstems Load It. Tune It.
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Quality Evaluation

Generate load to match expected demand

The more realistic the load, the more accurate the results, so
whenever possible use real services and real network
equipment

Apply the load to the network

Use the “standard” performance indicators as input into
a quality evaluation which computes a cost

voice — 0 FERnstantaneusf‘lS%})
churn — O'Z(Pblock T 1'5Pdrop +{1 FER <tantaneus>15%0

Cost? = $350

hurn

Dyaptive Load It. Tune It.
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Performance Optimization

Nonlinearities in profit will be present due to:
Price vs. Demand
Churn vs. Quality
Service Level Agreement penalties
(Anti-)correlations between different Classes of
Service and network configurations

Profitability may change drastically

(EES
ggd:
e

:5%9@ Dyaptive Load It. Tune It.
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Using the Model — An Example

~ * Sector loaded with:
oot Steady voice call arrival rate
""'E?E Average voice call duration is 90 seconds
Lz He : :
E‘a Growing SMS traffic from none to 4
SR messages per second
@l SMS traffic carried over common channels
i I
Wils
25
g =

;‘_‘%E@ Dyaptive Load It. Tune It
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| | A\ ¢
Using the Model — Indicators

Offered voice load 0.03 calls per second
(108 calls per hour)

Dyaptive svsTEms Load It. Tune It.




Using the Model — Mapping

User behavior:

Probability and cost of customer churn as previously
described when denied service

5 cents per message
10 cents per minute

Network operator is going to reduce profit
when SMS traffic exceeds 2 msg / sec

. Dyaptive Load It. Tune It.
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Example Continued

What If the infrastructure does not offer

SMS over common channels?

Offered SMS Load (msg / sec)

0.0 0.5 1.0 15 2.0 2.5
P O 0.0 14 .03 .99 .95 .97
Pl .009 .048 .97 .94 .96
Carried 0.03 .029 .029 .001 .001 .0009
voice load
(calls / sec)
Carried 495 .95 .04 124 .087
SMS load
(msg / sec)

Copyright © Dyaptive Systems Inc. 2006 All Rights Reserved
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Example Continued

What If the infrastructure does not offer

SMS over common channels?

Profit

(Hsec)
01 -

0.05 1 /\
0 —

0 05 1 \5 2 25
-0.05 -
SMS Load (nsgs/sec) T~
01 - — SMS over dedicated

SMS over common

Copyright © Dyaptive Systems Inc. 2006 All Rights Reserved
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Optimizing the Network

An obvious measure Is needed to evaluate tradeoffs
resulting from increasing one indicator of network
performance since another indicator will likely decrease

Profitability allows direct comparison of the value of
standard KPIs like FER, bits/s, Call blocking, sector
throughput, etc.

A profit model can be used to map these performance
Indicators to end-user spending behavior

The model incorporates the KPI results as well as:
Nonlinear pricing structures
Shifting service offerings

End-user behavior patterns

Significant performance differences between brands of network
equipment

Load It. Tune It.
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Everything about 3G is load dependent.

Can you handle the LOAD?

DMTS™-8000
DMTS™-9000

Todd Sankey
tsankey@dyaptive.com
(604)692-3254

Load It. Tune It.
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