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Σερληθέο Radio Resource 
Management (RRM) 

 Changing capacity 

 Admission control 

 Packet scheduling 

 Load Control 

 Resource management 

 Power control 

 Handover control 
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Changing Capacity 

 Resource Management purpose. 
 Ensure planned coverage for each 

service. 

 Ensure required connection quality. 

 Ensure planned (low) blocking. 

 Optimize the system usage in run 
time. 

 Real-time Resource Management and 
Optimization functions. 
 Interference measurements. 

 Soft capacity utilization. 

 Scheduling in radio interface. 

 Actions to load change. 

 Real-time interference minimization 
strategies: 
 Handover control. 

 Service prioritization. 

 Connection parameter settings. 

 Admission control. 
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Αξρηηεθηνληθή UMTS 

 

 

 

 

 

 

 User Equipment: έλλνηα ηεο θνξεηήο ζπζθεπήο πρ θηλεηό ηειέθσλν, 
θνξεηόο ππνινγηζηήο θιπ 

 Mobile Equipment: hardware ηεο ζπζθεπήο  

 Κάξηα USIM 

 Core Network: δίθηπν θνξκνύ ηνπ UMTS, ππεύζπλν γηα ηε 
δξνκνιόγεζε, ηελ ηαπηνπνίεζε, ηνλ εληνπηζκό ησλ ρξεζηώλ 

 Πεδίν κεηαγσγήο θπθιώκαηνο (CS) 

 Πεδίν κεηαγσγήο παθέησλ (PS) 
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WCDMA radio network control 

 In WCDMA QoS will be controlled by: 

 Radio Network Planning (RNP) (Network Parameters) 

 Real time RRM (Radio Resource Management) operations in RNC BS 

 Real time power control 
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Serving 

Drifting 

Soft 

Handover 
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UMTS Terrestrial Radio 
Access Network (UTRAN)  

 UMTS Terrestrial Radio Access 

Network (UTRAN) 

 Radio Network Controllers 

(RNCs) 

 Node Bs 

 κεηαθέξεη δεδνκέλα πξνο 

ηνλ RNC ζηνλ νπνίν 

είλαη ζπλδεδεκέλνο 

  θάλεη κεηξήζεηο πάλσ 

ζηελ πνηόηεηα θαη ηελ 

ηζρύ ησλ αζύξκαησλ 

ζπλδέζκσλ πξνο ηα UEs 
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UTRA Radio interface protocol 
layers 

 The radio interface of the 
UTRA is layered into three 
protocol layers:  
 Physical Layer (L1) 

 Data link Layer (L2)  
 Radio Link Control 

(RLC) 

 Medium Access Control 
(MAC).  

 Network Layer (L3).  

 

 The RLC and Layer 3 
protocols are partitioned in 
two planes, namely the 
User plane and the Control 
plane.  

 Control plane, Layer 3 is 
partitioned into sublayers 
where only the lowest 
sublayer, denoted as Radio 
Resource Control (RRC), 
terminates in the UTRAN 

RRC

MAC
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Measurements Report

RLC retransmission control

RLC RLC

Control Plane Control PlaneUser Plane User Plane

Radio Resource Assignment

UMTS RADIO ACCESS NETWORK USER TERMINAL

Logical Channels

Transport Channels

L3

L2

L1

PDCP PDCP
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PDCP: Packet Data Convergence Protocol 



RRM aims and functionality 

 Aim 
 optimization of the radio interface utilization, considering the differences 

among the different services, not only in terms of QoS requirements but also 
in terms of the nature of the offered traffic, bit rates, etc.  

 The RRM functions include:  
 1. Admission control:  

 it controls requests for setup and reconfiguration of radio bearers.  
 2. Congestion control:  

 it faces situations in which the system has reached a congestion status 
and therefore the QoS guarantees are at risk due to the evolution of 
system dynamics (mobility aspects, increase in interference, etc.).  

 3. Mechanisms for the management of transmission parameters:  
 are devoted to decide the suitable radio transmission parameters for each 

connection (i.e. transport format, target quality, power, etc.). 
 4. Code management:  

 for the downlink it is devoted to manage the OVSF code tree used to 
allocate physical channel orthogonality among different users. 
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Radio Bearer 

 Whenever a certain service should be 

provided under certain guarantees QoS, a 

bearer service with clearly defined 

characteristics and functionality must be set 

up from the source to the destination of the 

service, maybe including not only the UMTS 

network but also external networks.  
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RRM Μέζνδνη 
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 Connection based functions. 

 Handover Control (HC). 

 Handles and makes the handover decisions. 

 Controls the active set of BS of MS. 

 Power Control (PC). 

 Maintains radio link quality. 

 Minimizes and controls the power used in radio interface. 

 Network based functions. 

 Admission control (AC). 

 Handles all new incoming traffic. Check whether new connection can be admitted to the 
system and generates parameters for it. 

 Occurs when new connection is set up as well during handovers and bearer modification. 

 Load control (LC). 

 Manages situation when system load exceeds the threshold and some counter measures have 
to be taken to get system back to a feasible load. 

 Packet scheduling (PS). 

 Handles all non real time traffic, (packet data users). It decides when a packet transmission is 
initiated and the bit rate to be used. 

 Resource Manager (RM). 

 Controller over logical resources in BTS and RNC and reserves resources in terrestrial 
network. 



RRM ζην UMTS 
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 Μεγηζηνπνίεζε ηεο απόδνζεο (throughput) όισλ 
ησλ ρξεζηώλ κε πιήξε θάιπςε θαη ρσξεηηθόηεηα, 
αλεμάξηεηα από ην πνηα ππεξεζία ζέινπλ λα 
ρξεζηκνπνηήζνπλ 

 Δγγπεκέλε πνηόηεηα ππεξεζίαο (QoS) γηα 
δηαθνξεηηθέο εθαξκνγέο 

 Γηαηήξεζε ηεο πξνβιεπόκελεο θάιπςεο (coverage) 

 Βειηηζηνπνίεζε ηεο ρσξεηηθόηεηαο (capacity) ηνπ 
ζπζηήκαηνο 

 



RRM ζην UMTS 
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 Σν RRM ζπλδέεηαη άκεζα κε ην QoS 

 Σν UMTS ππνζηεξίδεη θίλεζε 

  πνιύ δηαθνξεηηθό εύξνο δώλεο (bandwidth) θαη 
απαηηήζεηο πνηόηεηαο ππεξεζίαο (QoS) 

 Η θίλεζε πνπ παξάγεηαη από ππεξεζίεο 
κεηαθνξάο δεδνκέλσλ θαη ππεξεζίεο Internet 

 Απξόβιεπηε  

 Η 3GPP έρεη θαζνξίζεη ηέζζεξηο θιάζεηο γηα 
παξνρή πνηόηεηαο ππεξεζίαο ζην UMTS δίθηπν 

 



RRM Classes ζην UMTS 

 Conversational : πςειή επαηζζεζία ζηελ θαζπζηέξεζε θαη ζην jitter. 

 εθαξκνγέο πνπ εθηεινύληαη ζε πξαγκαηηθό ρξόλν (ηειεθσλία, 

βηληενθιήζε) 

 Streaming – θιάζε ξνήο: κεζαία επαηζζεζία ζηελ θαζπζηέξεζε θαη πςειή ζην 

jitter.  

 εθαξκνγέο ξνήο (βίληεν, ήρνο, ηειέηππα θεηκέλσλ, πνιπκεζηθέο εθαξκνγέο 

θαη ηα ινηπά) όπνπ έκθαζε δίλεηαη ζηελ απνζηνιή κε ζηαζεξό ξπζκό 

 Interactive – θιάζε αιιειεπίδξαζεο: ρακειή επαηζζεζία ζηελ θαζπζηέξεζε, 

πςειή επαηζζεζία round trip delay (RTD) time and bit error rate (BER) 

 Αλαδήηεζε πιεξνθνξηώλ ζε έλα θπιινκεηξεηή 

 Γηαδηθηπαθά παηρλίδηα 

 Background: θακία επαηζζεζία ζηελ θαζπζηέξεζε, πςειή επαηζζεζία ζην BER 

 email 
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Φάζεηο δηαρείξηζεο  
ξάδην-πόξσλ 

 Radio resource configuration 

 Δίλαη ππεύζπλε γηα ηελ θαηαλνκή ησλ πόξσλ ζηηο λέεο αηηήζεηο πνπ 

εηζέξρνληαη ζην ζύζηεκα πξνθεηκέλνπ λα απνθεπρζεί ε ππεξθόξησζε ηνπ 

δηθηύνπ, εμαζθαιίδνληαο παξάιιεια ηε ζηαζεξόηεηα ηνπ.  

 Μπνξεί λα ζπκβεί ππεξθόξησζε εμαηηίαο ηεο θηλεηηθόηεηαο ησλ ρξεζηώλ 

επεξεάδνληαο έηζη ην QoS. 

 Radio resource re-configuration  

 Δίλαη ππεύζπλε γηα ηελ αλαθαηαλνκή ησλ πόξσλ κέζα ζην δίθηπν όηαλ 

αξρίδεη λα ζπγθεληξώλεηαη ην θνξηίν ή αξρίδεη λα παξαηεξείηαη 

ππεξθόξησζε κε ζθνπό λα δηαηεξεζεί ην QoS ζε όιν ην δίθηπν. 

 Δπαλαθέξεη ην ππεξθνξησκέλν δίθηπν ζηελ αξρηθή επηζπκεηή θαηάζηαζε 

αλαθαηαλέκνληαο ηνπο πόξνπο κεηαμύ δηαθνξεηηθώλ εθαξκνγώλ ζην ίδην 

δίθηπν. 
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Παξάγνληεο πνπ επεξεάδνπλ ηε δηαρείξηζε 
ξάδην-πόξσλ ζε έλα UMTS δίθηπν 

 Γηαθνξεηηθέο εθδόζεηο UMTS 

 Η Release 99 ρξεζηκνπνηεί σο θύξηα δνκή δηθηύνπ ην GSM/GPRS αιιά 
πηνζεηεί έλα λέν δίθηπν πξόζβαζεο ξαδηνζπρλνηήησλ, ην UTRAN. 

 ηε Release 4, Release 5 εηζάγνληαη λέα ραξαθηεξηζηηθά γλσξίζκαηα 
όπσο ε ηερλνινγία High Speed Downlink Packet Access (HSDPA).  

 Πεξηνξηζκνί ζηελ απόδνζε ηνπ δηθηύνπ 

 Πνηόηεηα θπςειώλ ιόγσ δηαιείςεσλ 

 Πεξηνξηζκέλε δηαζέζηκε δώλε ζπρλνηήησλ 

 Η ρσξεηηθόηεηα ησλ δηθηύσλ πνπ βαζίδνληαη ζην CDMA πεξηνξίδεηαη 
από ηελ παξεκβνιή πνπ κπνξνύλ λα αλερζνύλ νη ρξήζηεο  

 Υαξαθηεξηζηηθά γλσξίζκαηα ζρεηηθά κε ην CDMA 

 cell breathing όπνπ ε πεξηνρή θάιπςεο ηεο θπςέιεο εμαξηάηαη από ηελ 
ηξέρνπζα θαηάζηαζε θόξηνπ ηνπ δηθηύνπ 

 soft ρσξεηηθόηεηα όπνπ γεηηνληθέο θπςέιεο πξνθαινύλ παξεκβνιέο ζηελ 
θεληξηθή θπςέιε θη έηζη ε ρσξεηηθόηεηα ηεο θεληξηθήο θπςέιεο εμαξηάηαη 
θαη από ηελ θαηάζηαζε θόξηνπ ησλ γεηηνληθώλ θπςειώλ  
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Παξάγνληεο πνπ επεξεάδνπλ ηε δηαρείξηζε 
ξάδην-πόξσλ ζε έλα UMTS δίθηπν 

 Σύπνη εμππεξέηεζεο θαη θιάζεηο πνηόηεηαο ππεξεζίαο (QoS) 

 Πνηόηεηα ππεξεζίαο (BER, max delay, and delay jitter ) 

 Υξήζε δηαδηθαζηώλ ρξνλνδξνκνιόγεζεο ζην MAC επίπεδν 

 Γηαθνξεηηθά θαλάιηα 

 Αλάινγα κε ηελ ππεξεζία εμππεξέηεζεο απαηηνύληαη δηαθνξεηηθά 
δηαζέζηκα θαλάιηα 

 Σα θαλάιηα κεηαθνξάο πνπ είλαη δηαζέζηκα γηα κεηάδνζε δεδνκέλσλ είλαη  

 ην dedicated θαλάιη (DCH, UL, θαη DL) 

 ην θαλάιη ηπραίαο πξόζβαζεο (RACH θαη UL) 

 ην common packet θαλάιη (CPCH θαη UL), ην forward access θαλάιη 
(FACH θαη DL), θαη  

 ην downlink shared θαλάιη (DSCH θαη DL) 

 Τπνδνκή ηνπ δηθηύνπ 

 Υξήζε πνιιαπιώλ ζηξσκάησλ θπςειώλ (micro/macro cell layers) γηα 
απνθπγή πνιιαπιώλ κεηαπνκπώλ 

 Μεραληζκνί γηα αύμεζε ηεο ρσξεηηθόηεηαο έρεη επίπησζε ζηνπο 
scrambling codes ηνπ θάζε ρξήζηε 
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Παξάγνληεο πνπ επεξεάδνπλ ηε δηαρείξηζε 
ξάδην-πόξσλ ζε έλα UMTS δίθηπν 

 πκπεξηθνξά ηνπ ρξήζηε 
 Η ρσξηθή δηαλνκή ηεο πξνζθεξζείζαο θίλεζεο κπνξεί λα δηαθέξεη 

ζεκαληηθά από ηελ αξρηθή εθηίκεζε ηεο δηαλνκήο, πξνθαιώληαο 
ππεξθόξησζε ζε νξηζκέλεο θπςέιεο ηνπ δηθηύνπ  

 Η θηλεηηθόηεηα ηνπ ρξήζηε πξνθαιεί ζπλερείο αιιαγέο ζηηο 
ζπλζήθεο ηνπ θαλαιηνύ 

 απαηηνύληαη απνδνηηθνί αιγόξηζκνη ειέγρνπ ηζρύνο 

 Η θηλεηηθόηεηα ηνπ ρξήζηε πξνθαιεί ζπρλέο κεηαπνκπέο 

 Η ηάζε ησλ ρξεζηώλ λα πξαγκαηνπνηνύλ μαλά θιήζε αλ δελ ηνπο 
παξέρεηαη πξόζβαζε ζην δίθηπν 
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Παξάγνληεο πνπ επεξεάδνπλ ηε δηαρείξηζε 
ξάδην-πόξσλ ζε έλα UMTS δίθηπν 

 Καηεπζύλζεηο κεηάδνζεο: uplink θαη downlink 
 Σν traffic load ζην downlink αλακέλεηαη λα είλαη πςειόηεξν από 

απηό ζην uplink εμαηηίαο ηεο ρξήζεο αζύκκεηξσλ ηύπσλ 
ππεξεζηώλ 

 ην uplink νη αιιαγέο πνπ γίλνληαη ζην UE πξέπεη λα αλαθεξζνύλ 
ζην δίθηπν   

 Οη ηερληθέο δηαρείξηζεο ξάδην-πόξσλ έρνπλ δηαθνξεηηθέο 
επηδξάζεηο ζηηο αλεξρόκελεο θαη ζηηο θαηεξρόκελεο ζπλδέζεηο.  
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UTRA Radio interface protocol 
layers 

 Connections between RRC and MAC as well as RRC and L1 provide 
local inter-layer control services and allow the RRC to control the 
configuration of the lower layers.  

 In the MAC layer, logical channels are mapped to transport channels. 
A transport channel defines the way how traffic from logical 
channels is processed and sent to the physical layer.  

 The smallest entity of traffic that can be transmitted through a 
transport channel is a Transport Block (TB). Once in a certain period 
of time, called Transmission Time Interval (TTI), a given number of 
TB will be delivered to the physical layer in order to introduce some 
coding characteristics, interleaving and rate matching to the radio 
frame  

Αζύξκαηα Γίθηπα Δπηθνηλσληώλ 
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UTRA Radio interface protocol 
layers 

 Within the UMTS architecture, RRM algorithms 
will be carried out in the Radio Network Controller 
(RNC).  

 Decisions taken by RRM algorithms are executed 
through Radio Bearer Control Procedures (a subset 
of Radio Resource Control Procedures): 

 Radio Bearer Set-up.  

 Physical Channel Reconfiguration.  

 Transport Channel Reconfiguration. 
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Λεηηνπξγίεο RRM 

 Τπάξρνπλ ηξεηο βαζηθέο ιεηηνπξγίεο δηαρείξηζεο ξάδην-πόξσλ 
 Power control - Έιεγρνο ηζρύνο 

 Handover control - Έιεγρνο κεηαπνκπήο 

 Congestion control - Έιεγρνο ζπκθόξεζεο 
 Call admission control - Έιεγρνο απνδνρήο ηεο θιήζεο 

 Load control - Έιεγρνο θνξηίνπ 

 Packet scheduling control - Έιεγρνο ρξνλνδξνκνιόγεζεο παθέησλ 
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Power Control 

 Οη θύξηνη ζηόρνη ηνπ ειέγρνπ ηζρύνο ζην UMTS είλαη: 

 Παξνρή ηθαλνπνηεηηθήο ηζρύο γηα θάζε UE  

 Έιεγρνο παξεκβνιήο 

 Αληηκεηώπηζε ηεο near – effect επίδξαζεο. Δάλ ν ρξήζηεο UE1 εθπέκπεη κε κεγάιε 

ηζρύ, ηόηε κπνξεί λα πεξηνξίζεη ην ζήκα από ηνλ UE2 θαη ε πεξηνρή θάιπςεο ηνπ 

ηειεπηαίνπ λα κεησζεί δξακαηηθά 

 Μεγηζηνπνίεζε ηεο δηάξθεηαο δσήο ηεο κπαηαξίαο ηνπ UE 

 Σέζζεξηο κέζνδνη ειέγρνπ ηεο ηζρύνο ζην UMTS: 

 Η κέζνδνο inner loop: εθηειείηαη γξήγνξνο έιεγρνο ηζρύνο ζε όια ηα θαλάιηα 

δεδνκέλσλ.  

 Η κέζνδνο outer loop: αξγόο έιεγρνο, πξνζδηνξίδεη ην target SIR.  

 Η κέζνδνο closed-loop: ν ζηαζκόο βάζεο εθηειεί ζπρλέο εθηηκήζεηο ηνπ ιεθζέληνο 

SIR θαη ην ζπγθξίλεη ην target SIR. 

 Η κέζνδνο open-loop: παξέρεη κηα πξόρεηξε αξρηθή εθηίκεζε ηζρύνο ζηνλ θηλεηό 

ζηαζκό ζηελ αξρή ηεο ζύλδεζεο. 
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Open Loop Power Control 

 The UL and DL frequencies of W-CDMA are within the same 

frequency band 

 a significant correlation exists between the average path-loss of the 

two links.  

 This makes it possible for each UE prior to accessing the network, 

and for each Node B when the radio link is set up, to estimate the 

initial transmit powers needed in UL (from UE to Node B) and 

DL based (from Node B to UE) on the path-loss calculations in 

the DL direction.  
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Uplink Open Loop Power 
Control 

 The UL open-loop PC function is located both in the UE and in the UTRAN.  
 Based on the calculation of the open-loop PC, the terminal sets the initial power for the first Physical 

Random Access Channel (PRACH) preamble and for the UL Dedicated Physical Control Channel 
(DPCCH) before starting the inner-loop PC. 

 

Preamble_Initial_Power = CPICH_Tx_power - CPICH_RSCP + UL_interference + UL_required_CI 
RSCP: Received Signal Code Power 

CPICH: Common Pilot Channel 
  

 The same procedure is followed by the UE when setting the power level of the first Physical Common 
Packet Channel (PCPCH) access preamble. 
 

 When establishing the first DPCCH, the UE starts the UL inner-loop PC at a power level according to 
 

DPCCH_Initial_Power = DPCCH_Power_offset - CPICH_RSCP 
 

 CPICH_RSCP  is measured by  the terminal. 
 DPCCH_Power_offset  is calculated by AC in the RNC and provided to MS during a radio bearer or physical 

channel reconfiguration. 
 

DPCCH_Power_offset = CPICH_Tx_power + UL_interference + SIRDPCCH -10log (SFDPDCH) 
 

 SIRDPCCH is the initial target SIR produced by the AC for that particular connection 
 SFDPDCH is the spreading factor of the corresponding Dedicated Physical Data Channel (DPDCH). 
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constant value 

(3GPP) 

Receiver Total  

Wideband Power 



Downlink Open Loop Power 
Control 

 This function is located in both the UTRAN and the UE 

 In the Downlink, the open-loop PC is used to set the initial power of the downlink channels 

based on the DL measurement reports from the UE. 

 A possible algorithm for calculating the initial power value of the DPDCH when the first bearer 

service is set up is 
 
 
 

 
   
  R   is the user bit rate 
  (Eb/No)DL   is the DL planned Eb/No value set during the RNP  

 W   is the chip rate 
  (Ec/No)CPICH  is reported by the UE 
  α   is the DL orthogonality factor 
  Ptx_Total   is the carrier power measured at the Node B and  
    reported to the RNC.  
 

Ec/No: Ratio of desired receive power per chip to receive power density in the band 
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Power Control on Downlink 
Common Channels 

DL common channel   Typical power level Note 

P-CPICH 

P-SCH and S-SCH 

P-CCPCH 

PICH 

AICH 

 

S-CCPCH 

 30-33 dBm 

 -3 dB 

 -5 dB 

 -8 dB 

 -8 dB 

     

 -5 dB 

5-10% of maximum cell Tx power (20 W) 

relative to P-CPICH power 

relative to P-CPICH power 

relative to P-CPICH power and Np = 72 

power of one Acquisition Indicator (AI) 

compared to P-CPICH power 

relative to P-CPICH and SF = 256 (15 kbps) 
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 Determined by the network. 

 The ratio of the transmit powers between different downlink 

common channels is not specified in the recommendations. 

CPICH: Common Pilot Channel 
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Inner Loop Power Control 

 The inner-loop PC relies on the feedback information at Layer I 

 This allows the UE/Node B to adjust its transmitted power based on the received SIR 

level at the Node B/UE for compensating the fading of the radio channel.  

 The inner-loop PC function in UMTS is used for the dedicated channels in both the UL 

and DL directions and for the Common Packet Channel (CPCH) in UL. 

  In W-CDMA fast PC with a frequency of 1.5 kHz is supported  
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30 

 The aim of the outer-loop PC algorithm is to maintain the quality of the communication at the 

level defined by the quality requirements of the bearer service in question by producing 

adequate target SIR for the inner-loop PC. 

 Done for each DCH belonging to the same RRC connection. 

 The frequency of outer- loop PC ranges typically from 10 to 100 Hz. 

Outer-loop Power Control 

Αζύξκαηα Γίθηπα Δπηθνηλσληώλ 
MDC: Macro Diversity Combiner 



Interaction between PC 
algorithms  
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Handover (HO) 

  Οη θύξηνη ζηόρνη ηνπ ειέγρνπ κεηαπνκπήο είλαη: 
 Δμαζθάιηζε ηεο ζηαζεξόηεηαο ησλ θιήζεσλ πνπ είλαη ζε εμέιημε κε ηελ 

απαηηνύκελε πνηόηεηα εμππεξέηεζεο (QoS) 

 Δγγπεκέλε επζηάζεηα ηεο ππεξεζίαο 

 Διαρηζηνπνίεζε ηνπ επηπέδνπ παξεκβνιήο από όιν ην αζύξκαην ζύζηεκα 

 Δμηζνξξόπεζε ηνπ θνξηίνπ ζην αζύξκαην ζύζηεκα 

  Σξεηο ηύπνη κεηαπνκπήο 
 Hard handover: όηαλ ν UE δελ κπνξεί λα επηθνηλσλήζεη κε πεξηζζόηεξνπο 

από έλαλ ζηαζκνύο βάζεο εμαηηίαο ηερληθώλ ζπλζεθώλ 

 Soft hardover: όηαλ έλα θηλεηό ηεξκαηηθό κπνξεί λα επηθνηλσλεί κε 
δηαθνξεηηθνύο ζηαζκνύο βάζεο ηαπηόρξνλα 

 Intersystem handover: κεηαπνκπή κεηαμύ δύν δηαθνξεηηθώλ ηερλνινγηώλ 
αζύξκαηεο πξόζβαζεο, π.ρ. GSM θαη UMTS. 
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Handover (HO) 

 The Handover process is one of the essential means that guarantees user mobility 
in a mobile communication network, by supporting continuity of service. 
 intra-system handovers  

 intra-frequency  

 inter-frequency  

 inter-system handovers.  
 

 When a handover occurs, many RRM mechanisms are triggered other than the 
actual Handover mechanism.  
 AC handles the downlink admission decision (acceptance and queuing) 

 LC updates downlink load information when a new HO link is admitted  

 PS releases codes for HO branches of NRT (non real-time) and schedules HO 
addition requests for NRT 

 RM: Activates/deactivates HO branches. Allocates/releases DL spreading codes. 
 

 The HO mechanism processes the measurements made by a terminal and makes 
decisions. It also updates reference transmission powers. 
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Handover Reasons 

 The basic reason behind a HO is that the air interface does not fulfil the desired 
criteria set for it anymore and thus either the UE or the UTRAN initiates actions 
in order to improve the connection. 

 The HO execution criteria depend mainly upon the HO strategy implemented in 
the system.  
 Signal Quality 

 Constant signal measurements carried out by both the UE and the Node B aim to detect any signal 
deterioration.  

 When the quality or the strength of the radio signal falls below certain parameters set by the RNC, a 
HO is initiated. This holds for both the UL and the DL radio links. 

 Traffic level 
 HO is also initiated when the intra-cell traffic is approaching the maximum cell capacity or a 

maximum threshold.  

 The HO usually occurs when the UE approaches the edges of the cell with high load.  

 This sort of HO helps to distribute the system load more uniformly and to adapt the needed coverage 
and capacity efficiently meeting the traffic demand within the network. 

 User mobility 
 The number of HOs is proportional to the degree of UE mobility.  

 To avoid undesirable HOs, UE’s with high motion speed may be handed over from micro cells to 
macro cells. In the same way, UE’s moving slowly or not at all, can be handed over from macro cells 
to micro cells. 
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Handover Process 

 A basic HO process consists of three main 
phases 
 measurement phase 

 Intra-frequency  

 Inter-frequency  

 Traffic volume  

 Quality  

 Internal 

 decision phase  
 Change of best cell. 

 Changes in the SIR level. 

 Changes in the ISCP level. 

 Periodical reporting. 

 Time-to-trigger.  

 execution phase.  
 Network Evaluated Handover (NEHO) 

 Mobile Evaluated Handover (MEHO) 

 

MEASUREMENT

DECISION

EXECUTION

Measuremetnt criteria

Measurement reports

Algorith parameters

Handover criteria

Handover signalling

Radio Resource Allocation

Αζύξκαηα Γίθηπα Δπηθνηλσληώλ ISCP: Interference Signal Code 

Power 
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Handover in UMTS 

(1) (2) (3) time
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Upper threshold

Lower threshold

Handover Margin

Signal B
Signal A

Summed Signal

Cell A Cell B

 Signal A equals lower threshold.  
 Based on UE measurements, RNC 

recognises an available neighbouring 
signal (signal B), with adequate 
strength to improve quality of 
connection. RNC adds signal B to 
Active Set.  

 UE has two simultaneous connections 
to UTRAN and benefits from summed 
signal (signal A + B) 

 When quality of signal B becomes better 
than signal A  

 RNC keeps this as starting point for 
HO margin calculation. 

 Signal B greater than defined lower 
threshold.  
 strength adequate to satisfy required 

QoS.  

 strength of summed signal exceeds 
defined upper threshold, causing 
additional interference. RNC deletes 
signal A from Active Set. 

Handover Algorithm 

Assumption: a UE, currently connected to signal 

A, is located in cell A and moving towards cell 

B. 

Pilot signal A, deteriorates, approaching lower 

threshold  Handover Triggering 
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Handover Types (1/2) 

 Soft Handover 
 Takes place when a new connection is established before the old connection is released.  

 In Soft HO the neighbouring Node B involved in the HO transmits on the same frequency. 

 Soft HO is performed between two cells belonging to different Node B’s but not necessarily on the same RNC. 
The RNC involved in the Soft HO must co-ordinate the execution of the Soft HO over the Iur interface. 

 Softer Handover 
 When a new signal is either added to or deleted from the Active Set, or replaced by a stronger signal within the 

different sectors under the same Node B 

 The Node B transmits through one sector but receives from more than one sector.  

 Soft-Softer Handover 
 When soft and softer HOs occur simultaneously.  

 A soft-softer HO may occur for instance, in association with inter-RNC HO, while an inter-sector signal is added 
to the UE’s Active Set along with adding a new signal via another cell controller by another RNC. 

Sector 1

f1

Sector 2

f1

B

S
UE

Sector 3

f1

Multipath signal

through Sector 1 Multipath signal

through Sector 3

Frequency

f1

Frequency

f1

BS BS

UE

(a) (b)
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Handover Types (2/2) 

 Hard Handover 
 During the HO process, the old connection is released before making a new connection. 

 Lack of simultaneous signals  

 Very short cut in the connection, which is not distinguishable for the mobile user. 

 Inter-frequency hard handover 
 the carrier frequency of the new radio access is different from the old carrier frequency to which the 

UE is connected.  

 Intra-frequency hard handover  
 the new carrier, to which the UE is accessed after the HO procedure is the same as the original 

carrier 
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UE

Αζύξκαηα Γίθηπα Δπηθνηλσληώλ 



Handover and Power Control 
Results 
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Admission Control  

 ηόρνο ηνπ admission control (ειέγρνπ απνδνρήο) είλαη λα απνθεπρζεί 

ην αλώθειν κπινθάξηζκα εηζεξρόκελσλ θιήζεσλ θαη ηελ ίδηα ζηηγκή 

λα γίλεη πξνζπάζεηα δηαηήξεζεο ηεο πνηόηεηαο ππεξεζίαο QoS ησλ 

θιήζεσλ πνπ έρνπλ ήδε απαληεζεί. 

  Ο έιεγρνο απνδνρήο θιήζεο ελεξγνπνηείηαη (triggered): 

 Καηά ηελ εγθαηάζηαζε ηεο ζύλδεζεο 

  από ην soft/softer/intersystem handover 

  ελαιιαγή ηύπνπ θαλαιηνύ 
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Admission Control (AC) 

 Decides whether new Radio Access Bearer (RAB) is admitted or not. 
 Real-Time (RT) traffic admission to the network is decided. 

 Non-Real-Time (NRT) traffic after RAB has been admitted the optimum scheduling is 
determined. 

 Used when the bearer is 
 Set up 

 Modified 

 During the handover 

 Estimates the load and fills the system up to the limit. 

 Used to guarantee the stability of the network and to achieve high network 
capacity. 

 Separates admission for UL and DL. 
 Load change estimation is done in the own and neighbouring cells. 

 RAB admitted if the resources in both links can be guaranteed. 

 In decision procedure AC will use thresholds set during radio network planning. 

 The functionality located in the RRM of the RNC. 
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Throughput based CAC (TCAC) 

 With TCAC algorithm, admission decisions are taken based on 
the capacity required by the requesting call in conjunction with 
current capacity usage due to on-going connections.  

 The condition that needs to be met for new connection admission 
is that aggregate throughput in both directions of the wireless link 
(uplink and downlink) does not exceed certain respective 
maximum thresholds and therefore smooth network operation is 
ensured.  

 Given the QoS requirements of the new connection in terms of 
data rate and BLER as well as the applied WCDMA encoding 
type (e.g convolutional codes) and rate (e.g half/third rate), it is 
possible to compute the load increase that would occur 
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Throughput based CAC (TCAC) 
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Throughput based CAC (TCAC) 

 where: 
 Eb/No: Signal energy per bit divided by noise spectral density to 

meet predefined QoS 

 Length SDU: The time length of a Service Data Unit 

 BLER: The requested BLock Error Rate for the serviced 

 df : Downlink other-cell interference factor computed at the edge of 
the cell 

 a: Downlink spreading codes’ orthogonality factor 

 W: WCDMA chip rate (3.84 Mcps)  

 RUL : Requested service data rate in the uplink direction 

 RDL : Requested service data rate in the downlink direction 

 SAF : Service activity factor (1.0 for real-time interactive services 
like voice and video telephony, < 1.0 for data applications) 
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Throughput based Admission 
Control 

 In throughput-based admission control the strategy is that a new bearer is admitted only if 

the total load after admittance stays below the thresholds defined by the RNP.  

 

 In the UL the following equation must be fulfilled 

 

 In the DL the must be fulfilled 

 

 The UL Load Factor is obtained using 

 

 

 The DL Load Factor is obtained using 

 

 To obtain the load increase caused by the new user 
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Wideband Power based 
Admission Control 

 The UL admission decision is based on cell-specific load thresholds given by the RNP. A 

RT bearer will be accepted if  

 the non-controllable UL load, PrxNC, fulfils: 

 

 and the total received wideband interference power PrxTotal fulfils: 

 

 Power increase is obtain using 

 

  where      is the uplink LF and can be obtain using 

 

 The fractional load  of the new user can be calculated using 

 

 For the DL direction a similar admission algorithm is defined  
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Logical Dependencies of AC 

 AC has some logical dependencies due to its interworking with the rest of the 
RRM mechanisms. 
 receives load information from PS and LC.  

 receives information about the UE active set from the HC 

 sends PS information about the radio bearers.  

 sends load changes information to LC.  

 sends the target values for BER, BLER and SIR to PC 
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Load Control  

 Οη θπξηόηεξεο δξάζεηο ηνπ ειέγρνπ θνξηίνπ πξνθεηκέλνπ λα απνθεπρζεί 

ε ζπκθόξεζε ζηνλ θόκβν B είλαη 

 δηαρείξηζε ησλ εληνιώλ κεηάδνζεο ειέγρνπ ηζρύνο  

 ρξήζε κηθξόηεξνπ target SIR γηα uplink inner loop έιεγρν ηζρύνο 

 

 Οκνίσο, νη βαζηθέο δξάζεηο ειέγρνπ θνξηίνπ πνπ ζπκβαίλνπλ ζην RNC 

είλαη 

 αιιειεπίδξαζε κε ηνλ ρξνλνδξνκνινγεηή παθέησλ  

 ππνβίβαζε ησλ RT ρξεζηώλ σο πξνο ην bit rate ηνπο  

 απόξξηςε ησλ θιήζεσλ κε ρξήζε ζηξαηεγηθώλ απόξξηςεο πνπ θαζνξίζηεθαλ θαηά 

ηε ζρεδίαζε 

 δηαρείξηζε ησλ κεηαπνκπώλ πξνθεηκέλνπ λα απνθεπρζνύλ νη παξεκβνιέο σο πξνο ην 

θνξηίν 
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Load Control (LC) 

 The purpose of the LC mechanism is to increase the capacity of a cell and prevent overload 

 continuously measures uplink and downlink interference 

 In an overload condition, reduces the load and brings the network back into operating state 

 normal state  

 the power received in the uplink and the transmitted power in the downlink are a target value which is the optimal 

average of the PrxTotal and PtxTotal for the uplink and downlink. 

 preventive state  

 the PrxTotal in the uplink and PtxTotal in the downlink are below PrxTarget and PtxTarget respectively, plus an 

Offset value which equals the maximum margin by which the target value can be exceeded.  

 LC ensures that the network is not overloaded and remains stable 

 overload state  

 Anything above the preventive state 

 LC is responsible for reducing the load and bringing the network back into operating state. The actions that can be 

taken with the objective of reducing the load are: 

 Actions for fast LC located in the Node B:  

 Denying the DL or overriding the UL Transmit Power “up” commands. 

 Lowering the reference SIR for the inner-loop PC in the UL. 

 Actions for LC located in the RNC: 

 Interacting with the Packet Scheduler and reducing the packet data traffic. 

 Reducing the bit rates of RT users, e.g., voice services. 
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Power Based LC algorithm  

50 

BS Reports

PrxTotal

RNC Updates

Cell Load

Exceeds

Pr/tx target

Load Control Checks

Cell Load

No Actions

No

Exceeds Pr/tx target

+ Pr/tx Offset

Preventive Actions

PS and ACFast LC actions in BTS:

- Deny (DL) or overwrite (UL) Tx Power

  Control 'up' commands.

- Lower SIR target for UL inner loop PC.

LC actions located in the RNC:

- Interact with PS and throttle back packet

  data traffic.

- Lower bit rates of RT users.

- Drop single calls in a controlled manner.

No

Yes

Yes

Αζύξκαηα Γίθηπα Δπηθνηλσληώλ 



Packet Scheduling (PS) 

 Οη θύξηνη ζηόρνη ηνπ ειέγρνπ δξνκνιόγεζεο παθέησλ είλαη 
 Δληνπηζκόο θαη δηαρσξηζκόο ησλ πξνζπειάζηκσλ ξάδην-πόξσλ γηα ηηο NRT 

ζπλδέζεηο 

 Έιεγρνο ηεο θαηαλνκήο NRT 

 Έιεγρνο ηνπ θνξηίνπ ζπζηήκαηνο 

 Δθηέιεζε ησλ ιεηηνπξγηώλ ειέγρνπ απόδνζεο γηα ηηο NRT ζπλδέζεηο, όπνπ 
απαηηείηαη 

 Τπάξρνπλ δπν θύξηα κέξε ηεο δξνκνιόγεζεο παθέησλ 
 User specific packet scheduling, είλαη ππεύζπλν γηα ηελ πιήξε αμηνπνίεζε 

ησλ αλαθνξώλ ειέγρνπ ξαδηνπόξσλ, ησλ θαλαιηώλ κεηάδνζεο θαη ησλ bit 
rates ηνπο αλάινγα κε ηελ έληαζε ηεο θίλεζεο. 

 Channel specific packet scheduling, είλαη ππεύζπλνο γηα ηνλ δηακνηξαζκό 
ησλ ξάδην-πόξσλ ζε ρξήζηεο πνπ είλαη ζπλδεδεκέλνη ηαπηόρξνλα. 
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Packet Scheduling  

 The Packet Scheduling controls the UMTS packet access and is located in the RNC. 
The functions of the PS are: 
 To determine the available radio interface resources for Non Real Time radio bearers. 

 To share the available radio interface resources between Non Real Time radio bearers. 

 To monitor the allocation for Non Real Time. 

 To initiate transport channel type switching between common and dedicated channels when 
necessary. 

 To monitor the system loading. 

 To perform LC actions for Non Real Time radio bearers when necessary. 

 AC and PS both participate in the handling of Non Real Time radio bearers 
 AC takes care of admission and release of radio access bearers (RABs).  

 Radio resources are not reserved for the whole duration of the connection but only when there is 
actual data to transmit.  

 PS allocates appropriate radio resources for the duration of a packet call, i.e., active data 
transmission. 

 PS is done on a cell-basis 
 Since asymmetric traffic is supported and the load may vary a lot between UL and DL, 

capacity is allocated separately for both directions. 
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Packet Scheduling  

 The cell’s radio resources are shared between RT and NRT radio bearers.  
 The proportion of RT and NRT traffic fluctuates rapidly.  

 A characteristic of the load caused by RT traffic is that it cannot be efficiently controlled.  
 The load caused by RT traffic, interference from other cell users and noise, is called Non-

controllable load.  

 The remaining free capacity from the Planned Target Load can be used for NRT radio 
bearers on a best-effort basis.  
 The load caused by best-effort NRT traffic is called the Controllable load. 
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PS - Time Division Scheduling  

 The available capacity is allocated to one or very few radio bearers at a time.  

 The allocated bit rate can be very high and the time needed to transfer the 
data in the buffer is short.  

 The allocation time can be limited by setting the maximum allocation time, 
which prevents one high bit rate user from blocking others.  

 Scheduling delay depends on load, so that the waiting time before a user can 
transmit data is longer when the number of users is higher.  

 Time division scheduling is typically used for DSCH where the scheduling 
of PDSCH can happen on a resolution of one 10ms radio frame, but it can 
also utilised for DCH scheduling. 
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PS - Code Division Scheduling  

 The available capacity is shared between large numbers of radio bearers, 
allocating low bit rate simultaneously for each user.  

 In code-division scheduling all users are allocated a channel when they need it. 
Allocated bit rates depend on load, so that the bit rates are lower when the 
number of users is higher.  

 Establishment and release delays cause smaller losses in capacity due to the 
lower bit rates and long time transmissions.  

 Due to the lower bit rate, allocation of resources takes longer in code division 
scheduling than in time division scheduling.  
 air interface interferences levels are more predictable and can be seen as an advantage 

for code division scheduling. 
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PS - Transmission Power-based 
Scheduling 

The allocated packet data rate could be based on the required transmission 
power of the connection 
 Higher bit rates for a user requiring less transmission power per transmitted 

bit. Minimization of : 
 the average required transmission power per bit,  

 the transmitted interference generated in the network,  

 increase of the average cell throughput compared to equal bit rate scheduling. 
 

 Transmission power based scheduling gives more gain in the average 
throughput in DL than in UL compared to equal bit rate scheduling.  
 In the UL, typically at least 50% of the interference originates from the 

users within the same cell, and that interference does not depend on the 
transmission power but only on the received powers.  

 In the DL the transmission power-based scheduling can clearly increase the 
average DL throughput. 
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PS - Packet Scheduling with QoS 
Differentiation and Round Robin 

 Packet Scheduling with QoS Differentiation  
 This algorithm is based on the differentiation of users in terms of QoS 

 the network operators will be able to offer different services to the users.  

 The knowledge of the Carrier over Interference (C/I) can increase the CDMA 
capacity by transmitting mostly when channel conditions are favourable  

 By giving certain users and services high priority, the capacity of the system is 
increased at the expense of degraded QoS for the rest of the users.  

 

 Round Robin  
 Users get an equal share of the radio resources and the QoS will be fairer distributed 

among them.  

 In order to get the QoS 100% fairly distributed among users, the users in degraded 
conditions should get a larger share of the resources than users in good conditions. 

 This is the inverse C/I scheduling. By taking the radio conditions into account one 
can modify the PS, so that it goes from being C/I-based to inverse C/I-based. 
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Interworking actions of AC, PS, and 
LC 

 In uplink. 
 PrxTarget, the optimal average PrxTotal 

 PrxOffset, the maximum margin by which PrxTarget can be exceeded. 

 In downlink. 
 PtxTarget , the optimal average for PtxTotal. 

 PtxOffset , the maximum margin by which PtxTarget can be exceeded. 
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Resource Management (RM) 

 Purpose: to allocate physical radio resources when requested by the 
RRC layer. 

 Knows radio network configuration and state data. 

 Sees only logical radio resources. 

 Allocation is a reservation of proportion of the available radio 
resources according to the channel request from RRC layer for each 
radio connection. 

 Input comes from AC/PS. 

 RM informs PS about network conditions. 

 Allocates scrambling codes in UL. 

 Allocates the spreading codes in downlink direction. 

 Able to switch codes and code types 
 During soft handover. 

 Defragmentation of code tree. 
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Αζύξκαηα Γίθηπα 
Δπηθνηλσληώλ 4G 

 Βαζηθόηεξν ραξαθηεξηζηηθό είλαη ε ενοποίηση ηεξκαηηθώλ, 
δηθηύσλ θαη εθαξκνγώλ. 

 Βαζίδεηαη ζε IP πξσηόθνιιν, κεραληζκόο ελνπνίεζεο, θαη 
παξέρεη αζύξκαην Internet. 

 Γύν βαζηθέο ζπληζηώζεο ηερλνινγηώλ 4G 
 Ράδην-ηερλνινγίεο 4G ή ηερλνινγίεο κεηάδνζεο ζήκαηνο 

 Τπεξεζίεο 4G: εθαξκνγέο πνπ παξέρνληαη ζηνλ ηειηθό ρξήζηε. 

 Σα θπξηόηεξα ραξαθηεξηζηηθά ησλ 4G δηθηύσλ πεξηιακβάλνπλ 
 ALL – IP based αξρηηεθηνληθέο 

 Τςειόηεξν bandwidth 

 Τπνζηήξημε πνιπκεζηθώλ εθαξκνγώλ 

 Αδηάιεηπηεο ππεξεζίεο 
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Radio Resource Management ζηα 
4G δίθηπα 
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 ηόρνο: ηζρπξόηεξε ελνπνίεζε ησλ δηθηύσλ πξόζβαζεο γηα απνδνηηθόηεξε 
δηαρείξηζε ησλ πόξσλ 

  Απαξαίηεηεο ιεηηνπξγίεο 
 Κηλεηηθόηεηα ηνπ ηεξκαηηθνύ, δπλαηόηεηα roaming κεηαμύ αζύξκαησλ δηθηύσλ 

 Γηαρείξηζε ζέζεο,  

 ην ζύζηεκα αληρλεύεη θαη εληνπίδεη κηα ηεξκαηηθή ζπζθεπή γηα πηζαλή δηαζύλδεζε 

 Γηαρείξηζε όισλ ησλ πιεξνθνξηώλ ησλ ηεξκαηηθώλ πνπ εθηεινύλ roaming 
 Αξρηθή θαη λέα θπςέιε ηνπ ηεξκαηηθνύ 

 Πιεξνθνξίεο ηαπηνπνίεζεο 

 Γπλαηόηεηεο QoS 

 Γηαρείξηζε handoff 

 Γηαηήξεζε ηεο επηθνηλσλίαο θαηά ηε δηελέξγεηα handoff, πξόηππν IPV6 
 Πξνβιήκαηα: αύμεζε ζηε θόξηηζε ηνπ δηθηύνπ, θαζπζηεξήζεηο ζην handover, απώιεηεο παθέησλ 

δεδνκέλσλ 

 Τπνδνκή δηθηύνπ θαη QoS 
 Η 3GPP εξεπλά γηα πην θνηλόρξεζηνπο ηύπνπο θαη αξρηηεθηνληθέο QoS 

 Αζθάιεηα θαη εκπηζηεπηηθόηεηα 
 Δηεξνγελή δίθηπα κε μερσξηζηέο απαηηήζεηο, επειημία 

 Αλνρή ζθαικάησλ 
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