
1

Transmitter Power Control
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Why Transmitter Power Control?

Reduce terminal power consumption
Mitigate near/far effects

Efficient handling of mobility

Reduce interference/Improve quality
Radio resource management tool

Low complexity/Local Measurement
Fast (Real-time)
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Propagation conditions 
on link (i,j) characterized 
by instantaneous link 
gain

Link gain matrix (NxN)

Interference Models
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Effective  Signal-to-
Interference(+Noise) Ratio  
(“C/I”)

: Normalized cross-correlation

Outage probability: 

Pout= Pr[Γ< γ0]

Performance Measure
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“Channel-by-Channel”
analysis
At most one mobile and one 
base station per cell
Simplify indices - number 
mobiles and base stations by 
cell number
Separate Up/Down-link 
calculation

Special Case: 
Cellular System - Orthogonal Signals
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Objective Function
Minimize outage 
probability

Equivalent with 
maximizing the 
number of 
inequalities (left) 
that can be satisfied
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Supported Sets

Si
NPG

PG

ij
ijji

iii
i ∈∀≥

+
=Γ

∑
≠

   , 0' γ

A set S of links is said to be supported if
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Problem Formulation
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Problem Formulation - Vector Notation

NPAI 00 )( γγ ≥−
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Maximum Achievable SIR 
(“Best-We-Can-Do”)

Theorem 1: The largest      for which there exists 
P ≥ 0 such that all the active links can be supported is 
given by

where λ*A is the (largest) dominant eigenvalue of A

Corollary:  Maximum      is achieved for a C/I-balanced
system, i.e, all 
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Example: 2 links
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Example: 2 links  (cont.)
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Power Constraints

Maximum power 
constraint
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Optimum Power Control

Theorem 2: The power vector P that minimizes 
the outage probability has the following property

where P* is a C/I balancing power vector
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“If you cannot communicate, the least you can do is to shut 
up”

Tom Lehrer
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Optimum Power Control (cont.)

Algorithm:

1) C/I balance system

2) If  γ0 < γ∗0 - all links are supported - stop

else   Remove “as few links as possible” and 
repeat 1)

Remove: Set Pκ = 0
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Removal/Admission Algorithms

Finding the minimal set of removed 
links is an NP-complete problem
Suboptimum strategy: Stepwise 
removal schemes (SRA:s)

Matrix Properties (row or column sums of A)

SMIRA  (Remove maximal interference)
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SIR Balancing and Removal

Before balancing

Catastrophic  balancing

Successful  balancing

Removal +  balancing
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Optimum Power Control: Performance

Substantial gains 
achieved (3-4 times) 
compared to slow 
HO-system
Main contribution 
from removal 
schemes (i.e., DCA) 15105
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Distributed Power control

DPC:
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DPC and USOPC - 2 links
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Power Constraints
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Dynamic Range

Assumptions:
“Optimum”
Centralized PC
Cellular system
Log-Normal fading
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Quantization Effects

Assumptions:
“Optimum” Centralized 
PC
Cellular system
Log-Normal fading
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Measurement Errors

Assumptions:
“Optimum”
Centralized PC
Cellular system
Log-Normal fading
LI-SRA:

DPC + lowest initial 
SIR removal
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Dynamic behavior of power 
control

27 regular hexagonal cell, K=3
DCPC is run every second
Target SIR 10dB
Pmax= 3dbm
α=4
Log-normal with 6dB
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Observations

As the terminal speed increases, the 
received SIR is fluctuating around the 
target
Two approaches to solve this problem:

Higher power update rate
In the IS-95 system 800 bps power control speed 
was suggested whereas 
the third generation system such as ETSI WCDMA 
will have a twice higher speed.

Faster power control algorithms
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Multirate power control & link 
adaptation

Every user wants it different...
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Wireless Communication 
- today & tomorrow ?

Low end consumer
products

High volume
Low cost

“Multimedia”
Internet browsing
Data services
High bandwidths @ low 
prices
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Multi-rate Radio Resource 
Management

“Multimedia traffic” = different QoS 
requirements: i.e.

Error performance
Delay
Date rate (throughput)

Non-real time traffic
Guarantee minimum throughput (average data rate)
Utilize all available throughput at any time (best 
effort
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Data rates & required C/I:s
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Multirate/Multi QoS:  Supported sets
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Multi-QoS Supported sets 
- vector notation
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Best effort RRM

∑
i
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iiR ρ≥*
Required data rate

Maximize total avg data rate
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Instantaneous data rate of user i

Average data rate of user i
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Best effort RRM, cont.

How should resource management be 
performed - optimally
What is achievable - in practice

Conventional systems - rate adaptation
Bunched systems: combined power/rate 
control
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Achievable data rates

Definition 1: A rate vector R( P ) =(R1, R1,… RN) is instantaneously 

 achievable if there exists a positive power vector  
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Achievable rate region

The collection of all achievable 

R =(R1, R2,… RN) 

in N-space
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Achievable data rates cont.

Definition 2:  A rate vector R*( P ) =(R*1, R*2,… R*N) is achievable  

(in the average sense) if it may be expressed as 
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where all the Rk :s are instantaneously achievable rate vectors. 
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Average data rates

Average data rates achieved as ”time 
sharing;TDM” (or any other orthogonal 
multiplexing) of a collection of 
instantaneus rates
Average achievable rate region 
(collection of R*i:s) is the convex hull of 
the Instantaneous Achievable rate 
region
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Feasible data rates

Definition 4: A rate vector R( P ) =(R1, R2,… RN) is  

(instantaneously) feasible if it is (instantaneously) achievable  

and meets the minimum rate constraints 
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Singular rate vectors

Definition 3: A rate vector R is singular if

ijRR ji ≠∀=⇒≠      ,0       0

A Rate vector is “full” if it only contains non-zero

elements
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Rate & C/I relations
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A: No bandwidth limitation:

B: Bandwidth limited:
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Two-link example:
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Two-link example cont:
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Two-link example cont:
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Two-link example cont:
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Three-link example:

Model A
Instantaneous 
rate regions
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Three-link example: More power

Model A
Instantaneous 
rate regions
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Three-link example

Model B
Instantaneous 
rate regions
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Three-link example: More power

Model B
Instantaneous 
rate regions
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Observation 1:

There exist maximal power vectors 
sufficiently large such that

the maximal sum rate is achieved by a 
singular rate vector or a combination of 
such rate vectors.
the maximal sum rate is achieved by a ”full 
vector” or a combination of such rate 
vectors
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Example II:
CDMA Uplink Power Control
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Example II:
CDMA Uplink Power Control cont
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Example III:
CDMA Multirate Power Control, cont
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Example II :
CDMA Multirate Power Control, cont
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Example II: 
Single Cell Symmetric CDMA Uplink
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Example II: 
Symmetric CDMA Uplink - Cont.
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Example III: Discrete Rates

Maximal data rate 
limitation may change 
optimal solution
Discrete optimum not 
necessarily the same as 
continuous solution
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Example III: Discrete Rates

“Greedy rate allocation 
schemes” that are 
optimum in the 
continuous case are not 
necessarily optimum in 
the discrete case
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Some observations

Achievable rate regions
Sum rates may be optimized for either 
singular as well as “full” rate vectors
Discrete solutions may differ significantly 
from continous rate solutions
“Greedy” rate algorithms do not necessarily 
provide optimal solutions
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Problems in Multimedia Radio 
Resource Management

High data rates
Link budget 

Large variations in interference
“Bursty” transmissions
Difficult to predict - fast resource management 
required

No direct relationship between user bit rate/QoS 
and resources required

Location
Propagation & Interference situation


