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lub Interface
- Transmission resources is limited and costly

- Economgactor of UMTS network design

—l

External network
(Internet, PSTN)

Core Network
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Uu§4ir Interface: =
- WCDMA (Wideband Code Division Multiple Performance Evaluation
Access) - Delay and jitter
- Data sent at every TTI -Connection reject ratio
- Invokes strict delay requirements of transport - Packet discarding due to

b
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Zi \Why Simulations?
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» Performance Evaluation by simulations
» New feature modeling and testing

» Parameter and network optimization

» Traffic generation and characterization
4

Network capacity planning and dimensioning
e Derive the dimensioning rules from the simulations
e Validate the analytical dimensioning models

» Focused on the UTRAN Ilub interface

e Transport resources management
e Dimensioning of the lub interface

w Universitat Bremen 4



1z OPNET Simulator

3 Node Model: eth_switched_lan_adv g@h
Nets

File Edit Interfaces Objects Windows Help

m.~» . &

s Project: project1 Scenario: scenari

File Edit View Scenarios Topology Tra

1% Qo
-11 E
|
gna_clsvr_megr.function block
File Edit Options
1518 T
513
/0 static void .
3521 gna_clsvr_mgr_serv_id_assign ()
522 I
3523 List= proc_record_handle_list_ptr;
1524 int record_handle_list_size;
3525 OomsT_Pr_Handle temp_process_record_handle;
1526 double db1_server_id;
527
1528 Assigns server identifier randomly and creates a
3529 record in the active workstation list only if this
3530 is a LAN node.
3531 {gna_clisvr_mgr_serv_id_assign (J); B
1532
3532 /* Find out the node type from model wide process registry _J
1534 proc_record_handle_list_ptr = op_prg_list_create (J;
1535
3536 oms_pr_ process discover (OPC_OBIID_INVALID, proc_record_handle_list_ptr,
3537 1™ OMSC_PR_OEBIID, my_node_id,
1518 "node_type", OMSC_PR_STRING, Tan_mac
1538 OPC_NIL);
1540
3541 /* 0Obtain the Tist size of the discovered processas. T
3542 record_handle_list_size = op_prg_list_size (proc_record hand'i&_'hst_ptr),
1543
3544 if (record_handle_list_size == 1)
3545
1548 /* Set a flag indicating that this is a LAN node. zf
3547 node_is_lan = OPC_TRUE; d
1548 ;
1548 temp_process_record_handle = (OmsT_Pr_Handle) op_prg_list_access (proc_record_handle_list_p COMPL) ]
3550 FVC_Ccompl
3551 = 0Obtain total number of workstations in this LAN node.=/
3552 * sServer id is same as total number of aorkstatuors. ; i ROFILE START
3553 oms, pr attr_get (temp_process_record_handle, “wkstn OMSC_PR_NUMBER, &dbl_server_id) — ] -
3554 server_id = (int) dbl_server_id; Sl
3555 e
1556 '+ pbtain 1an handle from 11m package. w7 STROTH~ ]
3557 my_lan_handie = 1Im_lan_handle_get (my_node_id};
1558 kpawn_profil
3558 = Call procedure from 11m package to create a record */
3560 = for the server in the wkstn Tist .nr the LAN. 2
3561 1Im_random_wkstn_id_assign (my_lan_handle, &server_id);
1562 -
1563 /* Deallocate no Tonger needed process registry =
3584 i 1nfor1at1un } : * it
«_| 2
!  [Line: 1 EE.’ ¥
e = : 5
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1Zi Modeling Scope
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Corresponding Corresponding

Uu Tu Core External UE UE Node Node
UE ! UTRAN ! Network ! Network
Air Interface Core Network
)
Q.
'D} | |
Q) lub
UFs NodeB RNC
UTRAN

» Groups of UEs and their corresponding nodes as traffic source and sink

» Air interface: WCDMA

» UTRAN: NodeBs, RNC, lub interface, underlying transport technology
(e.g. ATM, IP/Ethernet)

» Core network: Packet Switched (PS) and Circuit Switched (CS) domains
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TZi Modeling Requirements (1)
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» Physical Layer
e WCDMA

» Traffic QoS classes in UMTS network

e Background

e Conversational
¢ |Interactive

e Streaming

» Network Architecture
e UE: User Equipment
¢ NodeB: Base stations
e RNC: control and serve multiple base stations
e Core network: provide gateways to UTRAN

» Transport Technology
e ATM
e |IP

5@ Universitat Bremen



TZi Modeling Requirements (2)
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» Logical Channels

e Dedicated channel (DCH)
e Common channel (RACH, FACH)

» Protocol modeling
e Radio Link Control (RLC)
e Medium Access Control (MAC)
e Frame Protocol (FP)
e Transport network layer, e.g. AAL/ATM, IP/Ethernet

» Resource management
e Radio Access Bearer (RAB) setup/release
e (Call Admission Control (CAC)
e Channel Type Switching (CTS)
¢ Bit Rate Adaptation (BRA)

» Traffic management
Packet classification
Buffer management
Scheduling

Shaping

5@ Universitat Bremen



TZi Challenges for modeling
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» Quality of Service (Qo0S) provision and differentiation

e ATM defines five QoS classes: CBR, UBR, VBR-rt, VBR-nrt, ABR
e |P: e.g. DiffServ, IntServ, RSVP

» Traffic Engineering

e Congestion control, flow control

» Traffic Separation
e Rel99 with HSPA (HSDPA/HSUPA)

» UMTS Evolution
e HSDPA/HSUPA
e |LTE (Long Term Evolution)

» Mobility Modeling
e Soft/Softer HO
e Hard HO

@J Universitat Bremen 10
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1Z UTRAN Model Concept
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Traffic from the -
Applications

remote servers
UE Traffic . . TCP/UDP
,. or terminals via

core network

Applications

TCP/UDP
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T4 Modeling of UMTS Rel99 in OPNET
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UE Internet Server

LRu appliestion CRU

3
DED UMTS radio

......._.--;.-;:.':_-::_'::|:_'::j:::_.::_.:_.::____::__“:::._;

i PATW s ATH calafi
"""""':::::::::::; Tub (ATM PVC)

UMTS radio

functions

RNL

TNL

Node-B RNC

Based on the OPNET ATM I|brary (workstatlon/server)
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TZi Main Functions App. layer

Each user is represented by ~ Nets
(= 7 one app. instance
i I define Traffic models

CR=
e.g. web, voice, ftp

s w b

I3 Tp I iltiF

—5

Transport ip_le:map
Layer | S L EEEHEEE T DY i
ip

TCP, UDP/IP R R R R
IPaL
C B RAB
i ATHM_call_control
Radio Network RRM
é‘fgl\rﬂfb\%'\;:;l): C Channel assignment DCH  [(CAC, CTS, BRA)
= - (DTCH/DCCH), FACH/RACH
|_tranz ATH_=
5 P
pr 00 1_00 Transport Network Layer (AAL/ATM)
5~ 5 AAL2 QoS prioritization (BE and RT)
AAL2 shaping based on PCR rate
(VP/VC shaping)

limited waiting time at the AAL2 buffer of RNC
ATM VC, VP setup (CBR, UBR, etc.)
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ATM — |IP based UTRAN

3G Release 99 3G Release 5

Based on AAL2 / ATM Based on UDP / IP
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14 Rel5 IP-based UTRAN
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APPLICATION
TCPUDP
P
PDCP RNL
RLC RLC
MAC MAC
FP FP _T_
UDP/IP [ | UDP/IP
WCDMA WCDMA | | TNL
ETHERNET || ETHERNET |, ETHERNET
PLIY | PHY I PHY
| I l
i | . I .
UE NodeB [ Switch | RNC

| RNL: Radie Network Layer

LIH Iub THL: Transp ort Network Layer

FP: Frame Protocol

LL_JJ Universitat Bremen 16



T4 Modeling of Rel5 IP-based UMTS
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i_ End Users Corresponding Mode |

RLC

lub (Ethernet Link) ),
b

» Multiplexing, e.g. LIPE, CIP, to enhance the transport eff|C|ency
7

@U"“‘em“m Bremen . QoS provisioning and differentiation, e.g. DiffServ, IntServ
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TZi Dimensioning Task
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» The properly dimensioned lub has to achieve two main targets:

e Ensure a given level of application performance
(guarantee a maximum end-to-end transfer delay)

e Allow only a certain percentage of discarded radio frames or FP PDUs, referred to
as “delayed FP PDU ratio”, the FP PDU is discarded due to excessive delays

Dimensioning
Targets

End-to-end
Transfer Delay

Delayed FP PDU
ratio

@ Universitat Bremen

Ayed FP
PDU ratio —h\

With given lub bandwidth/configuration

QoS
A

= s e NG
delay |

Load 2 ) Load 1 traffic load

Dimensioning
Results

The maximum
acceptable

utilization of the
Iub capacity
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1Zi

Simulation Model

Application Config

Application: FTP
lub link: e.g. 1 E1 line (2Mbps ATM link)

5@ Universitat Bremen
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» Modeling of RLC (Radio Link
Control), MAC (Medium Access
Control), FP (Frame protocol) for
UMTS

» Each user session is assigned to a
specific RAB type

» AAL/ATM as the transport layer

Dedicated channels - DCHs

Uplink Downlink

bit rate TTI bit rate TTI
(kbps) | (ms) | (kbps) | (ms)

RAB 1 64 20 64 20
RAB 2 64 20 128 20
RAB 3 64 20 384 10

TTI: Time Transmit Interval

20



1zi Dimensioning for Elastic Traffic — w./w.o0. CAC
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Scenario: RAB 128kbps, lub =1 E1 line (2Mbps), FTP ( file size: constant 12kbyte)
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2.3 4
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Load
—a—file transfer delay (with CAC) —a—file transfer delay (No CAC)
---X- -- delayed FP PDU ratio (with CAC) - - -¢& - - delayed FP PDU ratio (No CAC)

» When employing the admission control in the system, the application performance is
stabilized by limiting the number of active user connections simultaneously on the link.

» But due to the bursty Internet traffic, the performance of the FP layer is only slightly
improved.

» FP layer performance is the more critical restriction.

Source: X. Li, R. Schelb, C. Gorg and A. Timm-Giel, "Dimensioning of UTRAN Iub Links for Elastic Internet
Traffic." in Proc. 19th International Teletraffic Congress, Beijing, Aug/Sept. 2005, 20035.
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Scenario: RAB 128kbps, lub =1 E1 line (2Mbps), FTP ( file size: constant 50kbyte)

Tzi Validate analytical model via Simulations (I)
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offered load

blocking probability

offered load

file transfer delay
Source: X. Li, R. Schelb, C. Gorg and A. Timm-Giel, "Dimensioning of UTRAN Iub Links for Elastic Internet

Traffic." in Proc. 19th International Teletraffic Congress, Beijing, Aug/Sept. 2005, 2005.
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Tzi Validate analytical model via Simulations (II)

Multiple RAB Types

file transfer delay (s)
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ikom - ComNets

Constant File Size 12kbyte
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The transfer delay dependent on the bearer type
Analytical results matches the simulaitons in the low load

In high load, the flows with the small peak rates achieve longer transaction times than calculated with the M/G/R-PS
model, while the high-peak-rate flows experience a somewhat higher QoS than calculated

»  The delay for a common file size among the different traffic classes tends to converge in the high load as none of them
can utilize its peak rate and thus a fair share of the available resources is available among different RAB types

Source: X. Li, R. Schelb, C. Gorg and A. Timm-Giel, "Dimensioning of UTRAN Iub Links for Elastic Internet
Traffic with Multiple Radio Bearers," in Proc. 13th GI/ITG Conference Measuring, Modelling and
Evaluation of Computer and Communication Systems, Niirnberg, March 2006, 2006
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Main Research

» Dimensioning for lub link for supporting various traffic
scenarios for different UMTS releases (Rel99, IP-based
UTRAN, HSDPA, HSUPA)

¢ Derive the dimensioning rules from the simulations
¢ Validate the analytical dimensioning models

» lub Overbooking in multi-NodeBs scenario
» Combine HSPA and Rel99 traffic with traffic separation

@) Universitiat Bremen 24
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Future Work

» UMTS Evolution

¢ |[nternet HSPA or I-HSPA, a flat architecture that provides the
first step towards Long Term Evolution (LTE)

e 3GPP Long Term Evolution (Evolved UTRA and UTRAN)
accompanied by 3GPP System Architecture Evolution (SAE)

» New Services, e.g. VoIP, IPTV, etc.

» Validate with real word scenario

@J Universitiat Bremen 25
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Thanks for attentions!
Questions?
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