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Outline

m Service optimization and architecture

m QoS optimization
Radio access networks
Core and backbone networks

m Service application performance improvement
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QoS management conceptual breakdown

m QoS provisioning

Process of configuring and maintaining selected network elements
based upon customer service level agreements (SLAs) and observed
quality performance

m QoE and QoS monitoring

Process of collecting QoE and QoS performance statistics, faults and
warnings; these data are then used for generating analysis reports for
making changes/upgrades to the network

m QoE and QoS optimization

Process responsible for accessing monitored information, processing
the data to determine service and network quality metrics, and initiating
corrective actions when any of the quality levels is considered
unsatisfactory

NOKIA
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QoS and QoE optimization concept

Network Management
Layer

Service & Network
Planning

Optimisation \
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Management 6
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Operator processes

Customer Interface Management Processes

Customer Care Processes

e Sales e Customer QoS management
e Order handling * Invoicing
* Problem handling o

Service Development and Operations Processes

* Planning and development < Quality management
 Configuration * Rating and discounting
* Problem management ar .

Network and Systems Management Processes
*Planning and development <Maintenance
*Provisioning eData management
Inventory management ..

Network Element Management Processes
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Optimization loop and external factors

» Capacity e Customer behavior * Inaccuracies, errors
* Regulations e Customer churn * Incomplete data
 Technical capabilities e« Technical restrictions  Data aggregation
l * Malfunctions l
Service QoS and QoE
Configuration Measurements
7 Network
) Network ; Nfetwork
Configuration SHIR Al
Measurements

* QoS and QoE requirements
» Capacity-QoS/QoE trade-off
» Business drivers

l

Optimization
Process

A

NOKIA
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Performance metrics

NMS key performance indicators

Detailed logging of protocols at different interfaces
Detailed logging of element performance data
Drive/walk tests

Mobile and distributed QoS agents

NOKIA
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Optimization process ‘triggers’

m New technology or elements into use
m Changes due to external edge conditions
m Detection of performance deterioration

m Dalily service and network operation process
m ...
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S
Automation and autonomic (intelligence)

m Automation
Reduce human-made repetitive and routine tasks
m Autonomic

Model expert decision-making and reasoning (knowledge)

Intelligence Automation

( Computational ([ Reaction
complexity speed
([ Duplication ( Processing
of intelligence speed
[ Accuracy [ Handle masses
of calculation of information
No mandatory
human presence NDK' A
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N
Network wide optimization workflow

m Fast service creation, introduction and provisioning, and
improved quality of service at a lower cost

m Proper workflow support and automation of customer care
and operational support processes

----------------------
*

{ Workflow
Visualise : Automation :
i withOS

NOKIA
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N
An approach to QoS optimization

m Users (services) satisfaction criteria: definition

m Fitness (objective) function: definition

m |Input traffic mixes and traffic volume: selection

m Crucial QoS parameters: sensitivity analysis

m Solution space search algorithm (genetic): selection
= Trends and optimal parameter settings

= Design of feasible method to QoS optimization

NOKIA
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User satisfaction: definition

m Speech calls and video calls (GB)
The user does not get neither blocked
nor dropped

m SWIS (GB)

The user does not get neither blocked
nor dropped

No re-buffering occur during the session

m PoC (NGB)

The user does not get neither blocked
nor dropped

No re-buffering occur during the session

m Streaming (GB and NGB)

The user does not get neither blocked
nor dropped

No re-buffering occur during the session
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m Dialup (http, emails, ftp) (NGB)

The user does not get neither blocked
nor dropped

Active session throughput >= 64 kb/s

= WAP (NGB)

The user does not get neither blocked
nor dropped

Active session throughput >= 32 kb/s

= MMS (NGB)

The user does not get neither blocked
nor dropped

Active session throughput >= 8 kb/s

NOKIA
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Allowed parameter values

m Population: 10 member vectors of 14 components

Parameter Service

T1 8, 16 kb/s PoC

T2 64, 128 kb/s Streaming
Minimum allowed bit rate T3 32, 64, 128, 144, 256, 384 kb/s | WAP/MMS

T4 64, 128, 144, 256, 384 kb/s Dialup

T1 8, 16 kb/s PoC

T2 64, 128 kb/s Streaming
Maximum allowed bit rate T3 32, 64,128, 144, 256, 384 kb/s | WAP/MMS

T4 64, 128, 144, 256, 384 kb/s Dialup

T1 1,2,5,10,20,30s PoC
Inactivity timer T2 1,2,5,10,20,30s Streaming

T3 1,2,5, 10, 20,30s WAP/MMS

T4 1,2,5,10,20,30s Dialup
Minimum allocation time | Not differentiated | 1, 2, 5, 10, 15, 20 s All services
Maximum queuing time | Not differentiated | 1, 2, 5, 10, 15, 20 s All services
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Fitness function (1/2)

m Cost function of the genetic algorithm: distance actual percentage of satisfied
users of the worst performing service and the corresponding target value

% Satisfied users

N
x T3
\\ Limit = 90%
Fitness \

J1 T2 Traffic volume
> (kb/s)
Offered|traffic
(“Held constant™)
N e NOKIA
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"
Fitness function (2/2)

m The lower the fitness value the better the network configuration
m Fitness < 0 means that service performance is above the target
m Fitness = 0 means that service performance is on target

SatisfiedUsers(1)
max{ServiceType(i)1}
TargetSatisfaction(i )- (1 - TargetSatisfaction(i ))
\/ max{ServiceType(i )1}

—TargetSatisfaction(i )

Satisfaction(i) =

Fitness =— min {Satisfaction(i)}

NOKIA

15  $-38.3215 Special Course on Networking Technology / David Soldani / Fall 2006 Connecting PEOD'E‘



Genetic approach to QoS optimization

Generate initial
population of 10
individuals

Mutated offspring

Mutate
individual

Offspring

Compute fitness of

Sort individuals according
P to their fitness and remove

new individual(s) =
Run simulation
A

Offspring
consistent?

the lowest performing one

Has fitness
improved during
last N iterations?

Randomly select 2 individuals
(parents) from above population
with weighted probability

Generate offspring by
choosing randomly and
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sequentially one value from
each pair of components
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Service

®
Traffic mixes

Mix1 Mix2 Mix3 Mix4 Mix5

Proportion of calls (%0)

Speech 32 44 40 40 20
\ideo 0 0 2 7
SWIS 10 5 10
PoC 14 10 25 18
Streaming| 2 10 10 4 12
WAP 38 17 10 10 13
MMS 8 5 10 7 5
Dialup 12 10 7 15
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Mix 3: % of SU vs. iteration
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Iteration

—e— Speech —=— Streaming —&— MMS —«— PoC —+— SWIS —e— Dialup —— WAP

NOKIA
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Mix 1-5: best fithess vs. iteration number

60

50 N

40 o

30 P R S

e

20 P S
Traffic volume:

optimisation
really effective!

Best fitness

Iteration

= Mix1 == Mix2 =9V- Mix3 == Mix4 =O— Mix5

P
N NOKIA
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Optimal parameter settings

Min Allowed BR Max allowed BR Inactivity timer Min alloc. Max queuing
(kb/s) (kb/s) (s) time time
T2 T2 T3 T4 T1 T2 T3 T4 T1 T2 T3 T4 ©) ©)
128 | 32 | 64 | 16 |128| 64 |144 | 1 1 2 5 5 10
64 | 32 | 64 | 16 | 64 (384|128 1 5 30 1 20 5
16 | 64 | 32 | 64 | 16 | 128|144 (144 | 2 1 5 1 20 20

Ref 1: Ref 2: Optimal settings
Undifferentiated Differentiated

NOKIA
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Mix 4. performance improvements

100% ———
@al: 12% Gain__>

i i i | i i Ref2:8%Gain \

70%

Satisfied Users

60%

50%

40%
0.0300 0.0500 0.0700 0.0900 0.1100 0.1300

Average Cell Capacity (b/s/Hz)

~#- Refl - Ref2 —A— Optimal NOKIA
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N
Fuzzy optimization

m Definition of a delay control parameter (mapping function) for
Minimum allowed bit rate (THPI)
Maximum allowed bit rate (THPI) «
Inactivity timer (THPI)

Minimum allocation time 0 ¢ 1
Maximum queuing time
m The higher the parameters values the shorter the expected packet transfer
delay for a specific THP
Parameter (DCP_THPI) = (max — min)*(1 — DCP_THPI) + min

DCP_THPI = delay control parameter of THPI

max = maximum value of the range
min = minimum value of the parameter range

m Small values of DCP are expected to produce shorter packet transfer
delays than large values

NOKIA
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J
Discrete control rule

FOR i = 1 To #THP {
IF ST(i)=5/ (1 —TS(i)) THEN { ’
IF Satisfaction(i) < —2 THEN decrease DCP_THPIi by a step
ELSE IF Satisfaction(i) > 2 THEN increase DCP_THPI by a step

)

ST(i) = Service Type | (# users of service type 1)
TS(i) = Target Satisfaction (90%)

NOKIA
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Rule “fuzzyfication”. Good Sample

1.2

0.8

| | / ffffffffffffffffff
| / ffffffffffffffffff

0.2 s

Truth-value

0 10 20 30 40 50 60
#Calls_ THP i X

ST(@)=5/(1-TS(i))

“

NOKIA
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Rule “fuzzyfication™. Poor, Excessive

1.2

\ /
0.8 /

\ /
0.6 /

o4 + i AN

02 +—m——+— i Y SR S
/
/
0

-3 -2 -1 0 1 2 3
Satisfaction_THP;

Truth-value
~

— Poor - = [EXcessive

“

NOKIA
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0
DCP_THPI vs. Fuzzy truth values

Assumption: AND = Min (X)Y) OR = Max (X,Y)

m DownStep = - 0.2 * MIN(GoodSample(N), Poor (S))
m UpStep =+ 0.2* MIN (GoodSample(N), Excessive(S))

= DCP_THP(i) = DCP_THP(i) + UpStep + DownStep

Fuzzy control can respond to small deviations from the target
with small control steps, allowing faster solutions to
satisfaction problems

NOKIA
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Ex: Optimization in core network

m Four queues and congestion at Gb interface

m PVC with Committed Information Rate (CIR): 48 kb/s (42 kb/s)
M1 (4/2 TSL): FTP on THP1
M2 (3/1 TSL): FTP on THP3

Traffic management
in 2G SGSN

Priority 1
Priority 2
Priority 3
Priority 4

FTP Server

NOKIA
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WFQ: weights assigned to priority queues

Priority WeightsSet1  Weights Set2  Weights Set 3

(%0) (%0) (%0)
) 1 25 50 70
: 2 25 30 15
3 3 25 15 10
4 25 5 5

amm __ NOKIA
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Weight Set 1: User throughput

35

30

20

50/50

15 4

End User Throughput (kb/s)

o }

12:07:12 12:07:55 12:08:38 12:09:22 12:10:05 12:10:48 12:11:31 12:12:14
Time (S)

N o B NOKIA
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Weight Set 2: User throughput

End User Throughput (kb/s)

35

30

25

20

15

-

10

0
10:51:36 10:52:19 10:53:02 10:53:46 10:54:29 10:55:12 10:55:55
Time (s)
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Weight Set 3: User throughput

40

, § 1]
35 : M2

30

25

87/13

20

15 :

End User Throughput (kb/s)

0 -
14:39:07 14:39:50 14:40:34 14:41:17 14:42:00 14:42:4314:43:26 14:44:10

Time (s)

N o - NOKIA
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DSCP marking in SGSN and GGSN

Traffic Class

Classifier
Traffic

Handling
Priority
(THP)

Allocation
Retention
Priority
(ARP)

Action

Per-Hop-
Behavior
(PHB)

DSCP
G124

Conversational - ARP1 EF B8
Conversational - ARP2 EF B8
Conversational - ARP3 EF B8
Streaming - ARP1 AF41 88
Streaming - ARP2 AF42 90
Streaming - ARP3 AF43 98
Interactive THP1 ARP1 AF31 68
Interactive THP1 ARP2 AF32 70
Interactive THP1 ARP3 AF33 78
Interactive THP2 ARP1 AF21 48
Interactive THP2 ARP2 AF22 50
Interactive THP2 ARP3 AF23 58
Interactive THP3 ARP1 AF11 28
Interactive THP3 ARP2 AF12 18
Interactive THP3 ARP3 AF13 38
Background - ARP1 BE 00
Background - ARP2 BE 00
Background - ARP3 BE 00

32
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Ex: Effects of policing and shaping at GGSN

Mean

\

Actual values

10

b N B s o =

4

17:08:53 17:09:36

33
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17:10:19 17:11:02 17:11:46

17:12:29 17:13:12

17:13:55 17:14:38

QoS Profile:
Max BR = 16 kb/s
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Security functions during "GPRS attach”

MS

<
<

SGSN

Attach Request

Authentication and Ciphering Request

N

Send Authentication Info (IMSI)

\

HLR

Send Authentication Info (RAND, SRES, Kc)

>

1
|
1

Authentication and Ciphering Res:ponse

y

Identity Request (IMEI)

]

Identity Response (IMEI) l‘

\

A

\ 4

\
\
\
1
1
1
1
1
1

Check IMEI (IMEI)

Attach Accept \

Check IMEI ACK

v

Attach Complete

N

A\ 4

34
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Security functions during “PDP context activation”

A\

MS

SGSN

Activate PDP Context Request

GGSN EIR HLR

Kdth\entication and Ciphering p

Focedure

\

II\/iEI Checking procedure

Activate PDP Context Accept

Create PDP Context Request

Create PDP Context Response

P

Questionable

<«

35

Unnecessary

NOKIA
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N
Security functions during “RA update”

HLR

MS New SGSN Old SGSN GGSN EIR
Routing Area Update Request -
| SGSN Context Request
SGSN Context Response
B TN
,/ “Authentication and Cipljering procedure
.
.' N—
' . IMEI Checking grocedure
~._]_--SGSN Context Ack
Copy of Data
Update PDP Coptext Request Unnecessary
Update PDP Context Response
Update location
K :
A
Delete Location
_ Routing Area Update Accept
Routing Area Update Complete

36
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"PDP context activation” procedure

MS SGSN

Activate PDP Context Request

DNS

l

DNS Starjdard Query

DNS Quely Resp(')nse

A 4

Create PDP Context Request

Create PDP Context Response

P

Activate PDP Context Accept
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Ex: Geographical links

IP/ATM
IP/MPLS

Co-located:
Optimal

NOKIA
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"
Packet and backbone troubleshooting

Application
Servers

Spectrum
analyser

BSC .
Traffic and

Content Analysis

®

7
@’Mobile Packet Core
+ & Backbone

Spectrum 3G SGSN

analyser

N o NOKIA
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N
EX: optimization process

Initial probe set

Include new probe
in the core network

\ 4

\ 4

Measurement analysis

<«——— 2 probes at GPRS

Core network edges

A

40

S

RTT Evaluation !

Z

-
-

Mean value
as expected?

Yes

Retransmission % different

Include new probe
in the core network

A

at two probes?

No

Yes

tatistical

The retransmission problem
. is generated out of the
considered network segment

distribution
spread?

No

Yes

Delay distribution is not a problem.
If end-to-end delay problems are present,
the cause could be in other
segment of the network
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Impact of parameter settings

- MMS (NGB): TC = background, ARP =3
- Web browsing (NGB): TC = Interactive, THP = 3, ARP = 3)

- PoC (GB): TC = Streaming, ARP =1

Mapping of Applications to Particular Subsets of QoS Attributes

PoC APN

BSC/RNC  2G/3G SGSN ———————

J

Consistent QoS Provisioning Across All Network Elements

Servers

Push to talk

Web browsing

MMS
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Impact of traffic characteristics

R | R | R | R R
Application layer packets
(WSP packets, HTTP packets, speech bursts)

_ L Ly m IR i \—WQEZPOC
L e 1 e WA
i /]M I ‘M I /]_M Il /]_M Il ]M I
e
RB RB RB RB RB
ITBF ITBF ITBF ITBF ITBF

N = < & =)
E Application layer packets R
(FTP packets, RTSP, RTCP, RTP streaming packets)
:- FTP,
i : streaming
\
//ﬁ RB/TBF
\f - E = Establishment R = Release NDKIA
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o
Impact of QoS functions: flow

Every RTCP report is carried by one UL TBF

control (1/2)

) Streaming
e _ « RTSP exchange messages > server
x g Streaming | RTP data [
ax client <
% — RTCP reports R
x 8 . RTP data -
=35 RTCP reports -
x o >

o EGPRS PACKET DL ACK/NACK TBF duration
L >4 PACKET UL ASSIGNMENT
@ 213 RLC DATA BLOCK _
o g PACKET UL ACK/NACK with BsC | Shortdelay period
S | & FAI = 1 (too fast release)
S @ Q
= > |z PACKET UL ACK/NACK with FAI =1 )
25 (more delayed release, better performance) Long delay period
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Impact of QoS functions: flow control (2/2)

30

4 =~ N
/
\
/ AY
l
\
/ \
! \
'
, \
\
'
f \
\
'
\
! \
! \
! \
. \
! 1
! 1
! 1
! 1
! 1
1 . T
! 1
29 ! ]
_ . !
! 1
! 1
. | ]
1
| |
|
! I
! |
! 1
\ ' + U,
\ !
! '
! l
\
28 \ !
: 0
T ;]
’
\

Looser flow control Tighter flow control >

N
ul

o
(6}

== Average Throughput (kb/s)
== Standard deviation (kb/s)

NOKIA
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S
Impact of performance enhancing proxies

m PEP acts on Layer 4 and above of the OSI stack, between the HTTP and
TCP protocol stack by e.g. compressing the contents, http pipelining,
content manipulation and optionally protocol conversion

>

clent BS RNC  3G-SGSN Proxy Server Content
1en _ 1 GGSN =
HTTP |« >HTTPHTTP HTTP
TCP |4 | Ter | TP | | Tcp
1 Internet
IP < »| IP | IP |e » IP | IP [¢ > IP
GTP|« »GTP
PPP/LLC |« »|LLC| IP [« » IP | Eth |¢ Eth | Eth Eth
Eth |« »| Eth
Client SGSN GGSN Server Client Server
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Ex: impact of PEP on Web browsing

3G- DL bearer — 128 Kb/s WEB Browsing - Comparison: Time of downloading

Influence of Proxy Server

1. Htm Page 1: 12 kB
2. Htm Page 2: 55 kB 22
3. Htm Page 3: 85 kB 20
4. Htm Page 4: 120 kB

5. Htm Page 5: 190 kB 18
6. Htm Page 6: 275 kB

16
< 14
>
g v
2 10
ks
5 g
©
£ 6
4
.
0
Page number 1 2 3 4 5 6
m 3G 2.14 7.93 9.04 13.91 17.16 21.57 Qvlerage
@ 3G with Proxy Server 1.66 5.53 5.98 7.15 8.66 11.48 elay (s)
N . o NOKIA
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