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+
Traffic Engineering

nCells	- deploy	a	large	number	of	low-power base	
stations	- each	having	a	limited	coverage	area

nReuse	the	spectrum	several	times	in	the	area	to	be	
covered	to	increase	capacity

n Issues:
n Capacity	(traffic	load)	in	a	cell
nOne	measure	=	number	of	communication	
channels that	are	available

n Performance
n Call	blocking	probability,	handoff	dropping	probability,	
throughput	etc.

n Interference
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+
GSM Logical Channels

nNo	RF	carrier	or	time	slot	is	reserved	for	a	particular	
task	except	the	BCCH
n Any	time	slot	on	any	carrier	can	be	used	for	almost	any	task
n Framing	structure	has	to	be	maintained

nChannels	are	of	two	types:
n Traffic	Channels	(TCH)

n Voice	at	13	kbps
n Data	at	9.6,	4.8	or	2.4	kbps

n Control	Channels	(CCH)
n Broadcast,	Common	and	Dedicated
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+
Broadcast Control Channels 
(Unidirectional)
nBCCH	(Broadcast	Control	Channel)

n Used	to	transmit	cell	identifier,	available	frequencies	
within	and	in	neighbouring cells,	options	(like	FH)	etc.

n Continually	active	“beacon”
n Has	two	sub-channels

nFCCH	(Frequency	Correction	Channel)
n Uses	a	frequency	correction	burst

nSCH	(Synchronization	Channel)
n Time	synchronization	information
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+
ALOHA

n Transmit	whenever	you	want
n If	you	are	acknowledged,	everything	is	fine
n Otherwise	retransmit	packets

n Low	throughput	(18%)

n Slotted	versions	are	slightly	better
n Transmission	attempts	can	take	place	only	at	discrete	points	
of	time

Computer A

Computer B
time

t t+x t+F t+x+F

collision
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+
Use of ALOHA in Cellular Networks

nTo	set	up	a	call,	MSs initially	employ	slotted	ALOHA	
to	send	some	information	to	the	BS
n Called	“random	access	channel”	or	something	similar
n In	LTE,	a	preamble	is	transmitted	(unique	or	may	
collide)

n If	successful,	they	are	“assigned”	a	frequency	
channel	and	time	slot	or	spread-spectrum	code

n If	unsuccessful,	they	try	again
nMS	gives	up	if	repeated	tries	fail

n Collisions	(congestion),	poor	channel	quality,	etc.
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+
Common Control Channels 
(Unidirectional)
n Used	for	all	connection	set	up	purposes

n The	paging	channel	(PCH)	is	used	for	
paging	a	mobile	when	it	receives		a	call

n The	random	access	channel	(RACH)	is	
used	by	the	MS	to	set	up	a	call
n Slotted	ALOHA	on	the	RACH

n Access	grant	channel	(AGCH)	is	used	by	
the	BTS	to	allocate	a	channel	to	the	MS
n This	can	be	a	TCH	(start	using	voice)
n Or	a	SDCCH	(negotiate	further	for	
connection	setup)

SDCCH:	Stand	alone	dedicated	CCH
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+
Dedicated Control Channels 
(Bidirectional)
n As	long	as	a	MS	has	not	established	a	TCH,	it	will	use	a	stand-
alone	dedicated	control	channel	(SDCCH)	for	signaling	and	call	
set	up
n Authentication
n Registration,	etc.

n Each	TCH	has	a	Slow	Associated	Control	Channel	(SACCH)
n Exchange	system	information	like	channel	quality,	power	levels,	
etc.

n A	Fast	Associated	Control	Channel	(FACCH)	is	used	to	exchange	
similar	information	urgently	(	during	handoff	for	instance)

8



+
Framing Scheme in GSM (Traffic 
Channels)
1 2 3 4 2048

1 2 3 4 51

1 2 3 4 26

TB TBData	(57	bits) TS GPData	(57	bits)

1 2 3 5 6 7 8

Hyperframe:	3	hours	28	min	53.76	s

Superframe:	6.12	s

Traffic	Multiframe:	120	ms

Frame:	4.615	ms

Slot:	577	µs

Framing	scheme	is	implemented	for	encryption	and	identifying	time	slots
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+
Framing Scheme in GSM (Control 
Channels)
1 2 3 4 2048

1 2 3 4 26

1 2 3 4 51

TB TBData	(57	bits) TS GPData	(57	bits)

1 2 3 5 6 7 8

Hyperframe:	3	hours	28	min	53.76	s

Superframe:	6.12	s

Control	Multiframe:	235.4	ms

Frame:	4.615	ms

Slot:	577	µs

Framing	scheme	is	implemented	for	encryption	and	identifying	time	slots
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+
One Time Slot (typical)

nA	time	slot	lasts	577	µs (546.5	µs of	data	and	30.5	µs of	
guard-time)

nBits	per	slot	=	3+57+1+26+1+57+3+8.25	=	156.25

nBit	rate	=	156.25/577	µs =	270.79	kbps

TB TBData	(57	bits) TS

TB:	Tail	Bits	(3	bits)
TS:	Training	Sequence	(26	bits)
GP:	Guard	Period	(8.25	bits)

GP

Flags

Data	(57	bits)
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+
Traffic Channel

n 20	ms	of	voice	(260	bits	@	13kbps)	is	converted	to	456	bits	
after	CRC	and	convolutional encoding

n Effective	data	rate	=	22.8	kbps

n 456	bits	=	8	× 57	bits
n (Reminder:	a	time	slot	has	two	57	bit	units	separated	by	a	training	
sequence)

n Voice	samples	are	interleaved	and	transmitted	on	the	TCH

n Data	and	Control	bits	are	also	encoded	to	end	up	with	456	bits	
over	20	ms
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GSM Coding for Voice Traffic

n Class	1a:	CRC	and	convolutional	coding
n 3-bit	error	detection	&		error	correction

n Class	1b:	convolutional	coding

n Class	2:	no	error	protection

*tail	bits	to	periodically	reset	convolutional	coder

(2,1,5)
convolution

coder

260	bits/
20	ms

=	13	kb/s

50	class
1a	bits

132	class	1b	bits

78	class	2	bits

456
bits/
20	ms
=	22.8
kb/s

Channel	encoder

3-bit
CRC

53	bits

Bit
inter-
leaver

378
bits

4	tail	bits*

13



+
Example: Mobile Initiated Call in 2G 
GSM Message	Name Category

1.	Channel	Request RRM

2.	Immediate	Assignment RRM

3.	Call	Establishment	Request CM

4.	Authentication	Request MM

5.	Authentication	Response MM

6.	Ciphering		Command RRM

7.	Ciphering	Ready RRM

8.	Send	Destination	Address CM

9.	Routing	Response CM

10.	Assign	Traffic	Channel RRM

11.	Traffic	Channel Established RRM

12.	Available/Busy	Signal CM

13.	Call	Accepted CM

14.	Connection	Established CM

15.	Information	Exchange voice	bits

Se
cu
rit
y

Re
la
te
d

Traffic	
Channel	=	
Circuit

This	is	all	
control	
signaling
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+
IS-95 Forward Channel

One	Forward	CDMA	
Link,	1.25	MHz	in	the	
869-894	MHz	bands

Pilot Synch PCH 
1

PCH 
7

Code 
1

Code
N

Code
P

Code
S

Code
55

W0 W32 W1 W7 W8 W63

Fundamental 
Code Channel

Data

Mobile Power
Control

Subchannel

Fundamental 
Code Channel

Data

Mobile Power
Control

Subchannel

Supplementary
Code Channel

Data

The	1.25	MHz	channel	is	obtained	by	
combining	41	AMPS	channels	each

having	a	30	kHz	bandwidth

Forward traffic channel 
with one code

Forward traffic channel 
with multiple codes
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+
The IS-95 Forward Link (I)

nThere	are	four	types	of	logical channels
n They	are	created	by	using	orthogonalWalsh	codes

nBroadcast	channels	without	power	control
n Pilot	Channel	(assigned	Walsh	code	W0)
n Synch	Channel	(assigned	Walsh	code	W32)
n Paging	Channel	– PCH	(up	to	7	in	number)

nDedicated	channels	with	power	control
n Forward	traffic	channels	– FTCH	(many)

n Fundamental	code	channel
n Up	to	seven	supplemental	code	channels	
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Basic Spreading Procedure on the 
Forward Channel in IS-95
n Symbols	are	generated	at	different	rates

n For	the	spread	signal	to	be	at	1.2288	Mcps,	the	incoming	stream	
must	be	at:	1.2288	x	106/64	=	19.2	kbps

n What	happens	if	the	incoming	stream	is	at	a	lower	rate?
n Example:	Incoming	stream	is	at	4.8	kbps
n Number	of	chips	per	bit	=	1.2288	x	106/4.8	x	103 =	256

Baseband
Filter

Baseband
Filter

I	PN	at	
1.2288	Mcps

Q	PN	at	
1.2288	Mcps

1.2288	
Mcps

Walsh	Code

Logical	Channel
Dependent
Symbols

What	is	this	DSSS
Scheme?
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+
Channelization, Scrambling, and 
Error Correction Codes
n CDMA	systems	use	a	variety	of	codes	for	spreading	the	signal

n Channelization	Codes
n Walsh	codes	and	OVSF	codes
n Used	to	separate	user	transmissions	in	the	same	cell	on	the	
forward	link

n Used	to	separate	multiple	signals	of	same user	on	reverse	links	in	
3G	systems

n Scrambling	Codes	(PN	codes)
n M-sequences,	Gold	sequences,	Kasami sequences
n Used	to	separate	signals	on	the	reverse	link	from	multiple	users
n Used	to	separate	signals	from	different	base	stations	on	the	
forward	link
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To	QPSK	
Modulator

Baseband
Filter

Baseband
Filter

I	Pilot	PN	at	
1.2288	Mcps

Q	Pilot	PN	at	
1.2288	Mcps

1.2288	
Mcps

Walsh	Code	W0

All	0s

Pilot Channel

n It	is	continuously	transmitted	by	a	BS	on	the	forward	
link
n Like	a	“beacon”	(Compare	BCCH)
n Acts	as	the	reference	signal	for	all	MSs
n Used	in	demodulation	and	coherent	detection
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+
The Pilot Channel (II)

n It	carries	NO	information	but	it	is	a	very	important	signal

n It	has	4-6	dB	higher	transmit	power	than	any	other	channel

n The	transmit	power	of	the	pilot	channel	is	constant	(No	power	
control)

n The	I	and	Q	PN	sequences
n Are	generated	using	a	LFSR	of	length	m =	15
n The	period	is	215 – 1	=	32767

n An	extra	zero	is	added	after	a	run	length	of	14	zeros	once	within	the	period
n In	time,	one	period	is	32768 × 0.8138	µs =	26.67	ms
n Number	of	repetitions/second	=	1/26.67 × 10-3 =	37.5
n Number	of	repetitions	in	2	seconds	=	75
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+
PN Sequences are generated using 
Linear Feedback Shift Registers 
(LFSRs)

XOR	gate
Multiplication

Polynomial	Representation:	ci {0,1}2
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+
Use of the PN sequences in IS-95

nThe	PN	sequences	are	defined	by	the	following	
LFSRs
n PNI(X) =	X15 +	X13 +	X9 +	X7 +	X5 +	1
n PNQ(X)	=	X15 +	X12 +	X11 +	X10 +	X6 +	X5 +	X4 +	X3 +	1

nAll	base	stations	use	the	same	PN	sequences	but	
with	a	different	“offset”

nThe	offsets	are	by	multiples	of	64	chips
n Total	number	of	possible	offsets	=	32768/64	=	512
n Duration	of	64	chips	=	64	´ 0.8138	x 10-6 =	52	µs

n Light	travels	3	´ 108 m/s =>	15630	m in	52	µs
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+
More on the Offset

nThe	base	stations	in	IS-95	are	completely	
synchronized	using	GPS
n Transmitted	chips	on	the	downlink	are	all	synchronized	from	
all	base	stations

n The	Base	Station	“System	Time”	is	synchronized	to	a	
“Universal	Coordinated	Time”	or	UTC
n UTC	is	loosely	what	used	to	be	GMT
n The	time	is	specified	in	terms	of	a	24	hour	cycle
n System	time	is	not	the	same	as	UTC	because	it	does	not	include	leap	
seconds

nThe	Walsh	codes	are	used	without	any	offset
n They	are	aligned	such	that	the	first	bit	always	starts	at	the	
even	second	in	the	IS-95	system
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+
The Synch Channel

n The	synch	channel	is	locked	to	the	offset	of	the	PN-
sequence	used	in	the	pilot	channel
n It	contains	information	pertinent	to	the	associated	base	station
n MS	can	retrieve	the	information	for	subsequent	use

n The	very	first	bits	demodulated	by	the	MS	are	from	the	
synch	channel
n Important	in	synchronizing	to	the	base	station
n Example	1:	Reverse	PN	codes	have	zero	offset	relative	to	even	
numbered	seconds	of	the	system	time

n Example	2:	MS	must	synch	its	long	code	generator	with	the	one	
used	at	the	BS
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+
The Paging Channel

nTransmits	control	information	to	the	MS
n Page	message	to	indicate	incoming	call
n System	information	and	instructions

n Handoff	thresholds
n Maximum	number	of	unsuccessful	access	attempts
n List	of	surrounding	cells	(how	are	they	identified?)
n Channel	assignment	messages	

n Acknowledgments	to	access	requests

n It	operates	at	either	4.8	kbps	or	9.6	kbps
n It	is	passed	through	a	rate	½	convolutional	encoder	to	go	up	
to	9.6	kbps	or	19.2	kbps

n If	the	output	is	9.6	kbps,	it	is	repeated	to	go	up	to	19.2	kbps

25



+
The forward traffic channel

nCarries	user	traffic	and	control	messages	to	specific	
MSs
n Dedicated	exclusively	to	one	MS

nCan	carry	traffic	at	different	rates
n Rate	Set	1

n 1.2	kbps,	2.4	kbps,	4.8	kbps	and	9.6	kbps
n Ideal	to	support	Q-CELP	that	varies	the	voice	code	rate	(maximum	
of	8	kbps)	based	on	the	voice	activity

n Used	primarily	in	IS-95
n Rate	Set	2

n 1.8	kbps,	3.6	kbps,	7.2	kbps	and	14.4	kbps
n Ideal	to	support	better	voice	quality	at	a	maximum	of	13	kbps
n Suggested	for	PCS	(but	also	allowed	in	IS-95)
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+
Coding of the speech signal

n The	speech	signals	are	encoded	into	20	ms frames
n The	frames	contain	192	bits	of	speech	at	9.6	kbps

n High	voice	activity
n The	frames	contain	24	bits	at	1.2	kbps

n Background	noise	or	low	voice	activity
n The	frames	contain	48	&	96	bits	at	2.4	and	4.8	kbps

n Provide	smooth	transition	between	the	other	two	data	rates

n There	are	8	tail	bits	in	the	frame	that	are	used	to	reset	
the	convolutional	encoder

n At	9.6	kbps	and	4.8	kbps	there	is	a	CRC	code	as	well	to	
indicate	the	“quality”	of	the	frame
n Frame	quality	indicator	(12,10,8	or	6	bits)
n Only	detect	frame	errors
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+
Frame Quality Indicator (FQI)

nIn	CDMA,	the	frame	error	rate	specifies	the	
required	SIR	for	the	system
nTypically	1%	or	2%	(depending	on	rate	set)

nThe	FQI	in	the	frame	allows	the	BS	to	
detect	whether	or	not	a	frame	is	in	error
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+

BBF

BBF

I	Pilot	PN	at	
1.2288	Mcps

Q	Pilot	PN	at	
1.2288	Mcps

1.2288	
Mcps

Walsh	Code	Wi

MUX

Long Code
Decimator

Long Code
Generator

64:1

1.2288
Mcps

Long	Code	Mask Long Code
Decimator

Block
Interleaver

Symbol
Repetition

19.2
ksps

Convolutional
Encoder

Voice
Traffic

Rate	1/2

24:1

Power
Control
Bits

800	bps

19.2
ksps

19.2
ksps

800	bps

Operation of the Forward Traffic 
Channel (Rate Set 1)

Unique	for	
each	user
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+
Control signals and data over FTCHs

n IS-95	supports	transmission	of
n Signaling	data	and	user	data	over	the	same	frame
n Primary	user	data	(voice)	and	secondary	user	data	(e.g.	Fax)		over	the	
same	frame

n This	is	allowed	only	for	the	9.6	kbps	frames
n Only	speech	can	be	carried	at	lower	rates

n Dim	and	burst
n Signaling	or	secondary	user	data	occupies	part	of	the	frame	along	with	
speech

n Blank	and	burst
n Signaling	or	secondary	user	data	occupies	the	entire	frame
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+

One	Reverse	CDMA	
Link,	1.25	MHz	in	the

824	– 849	MHz

Access
Channel

Fundamental 
Code Channel

Data

Supplementary
Code Channel

Data

Access
Channel

Access
Channel

Access
Channel

Traffic
Channel

1

Traffic
Channel

T

Supplementary
Code Channel

Data

Supplementary
Code Channel

Data

Supplementary
Code Channel

Data

Reverse CDMA Channel

Compare	with	RACH
And	AGCH

31



+
What is UMTS?

n UMTS	stands	for	Universal	Mobile	Telecommunications	System
n 3G	cellular	standard	in	the	US,	Europe,	and	Asia

n Outcome	of	several	research	activities	in	Europe
n Generated	trial	systems	and	basic	understanding	of	WCDMA
n Assisted	the	standardization	efforts

n Most	of	the	standardization	work	was	focused	in	3GPP
n 3GPP	refers	to	the	physical	layer	as	UTRA	– UMTS	Terrestrial	Radio	Access
n There	are	two	modes	– FDD	and	TDD

n UMTS	can	support	both	GSM-MAP	and	IS-41	core	networks
n An	all-IP	third	alternative	is available	now
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+
UMTS Architecture

n The	UMTS	System
n Consists	of	many	logical	network	elements	similar	to	the	2G	systems
n Logical	network	elements	have	“open	interfaces”

n There	are	three	components
n User	Equipment	(UE)
n UMTS	Terrestrial	Radio	Access	Network	(UTRAN)
n Core	Network	(CN)

n Heavily	borrows	from	GSM

User
Equipment

UMTS
Terrestrial

RAN
Core

Network

Uu Iu
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+
Detailed Network Elements

USIM

ME

UE

Cu

Uu

Node
B

Node
B

Node
B

Node
B

RNC

RNC

MSC/
VLR

SGSN

GMSC

GGSN

HLR

PLMN
PSTN

Internet

Iu

Iub
Iur

UTRAN CN

WCDMA	Air	
Interface

34



+
Summary of WCDMA

n WCDMA	is	somewhat	different	compared	to	IS-95

n It	is	a	“wideband”	direct	sequence	spread	spectrum	system	
n Supports	up	to	2	Mbps	using

n Variable	spreading
n Multicode connections

n The	chip	rate	is	3.84	Mcps
n Approximate	bandwidth	is	5	MHz
n Carrier	spacing	is	on	a	raster	of	200	kHz
n Supports	higher	data	rates/capacity
n Increased	multipath	diversity	(proportional	to	chip	duration)
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+
UTRA General Interface – II 

n Higher	layer	data	is	carried	in	transport	channels
n The	data	is	carried	in	chunks	called	“transport	blocks”
n Each	transport	channel	is	mapped	to	a	physical	channel	(later)
n The	frames	are	10ms	long

n A	transport	channel	has
n A	TFI	– Transport	Format	Indicator

n Time	dependent	field
n Contains	parameters of	the	associated	transport	channel

n TFI’s	are	combined	into	TFCIs
n Transport	Format	Combination	Indicator
n TFCI’s	tell	the	receiver	what	transport	channels	are	active

n Blind	transport	format	detection	(BTFD)	is	also	possible
n Usually	happens	only	on	the	forward	link

n There	are	two	types	of	transport	channels
n Dedicated	transport	channels
n Common	transport	channels

Control	
Signaling
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+
UTRA General Interface

Transport channel 1 Transport channel 2

Transport 
Block

Transport 
Block

TFI TFITransport 
Block

Transport 
Block Higher

PHY
TFCI Coding & MUXing

TFI TFITransport 
Block + Error

Indication

Transport 
Block + Error

Indication

Higher

PHY
TFCI Decoding & 

DeMUXing

Transmitter

Receiver

Physical
Control Channel

Physical
Data Channel
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+ Mapping of Transport Channels to 
Physical Channels

Broadcast Channel (BCH)
Primary Common Control
Physical Channel (PCCPCH)

Forward Access Channel (FACH) Secondary Common Control
Physical Channel (SCCPCH)Paging Channel (PCH)

Random Access Channel (RACH)
Physical Random Access
Channel (PRACH)

Dedicated Channel (DCH)
Dedicated Physical Data Channel
(DPDCH)
Dedicated Physical Control 
Channel (DPCCH)

Downlink Shared Channel 
(DSCH)

Common Packet
Channel (CPCH)

Physical Downlink Shared
Channel (PDSCH)
Physical Common Packet
Channel (PCPCH)

Forward Only Reverse Only Both Reverse and Forward
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Random Access Channel

n Based	on	slotted	ALOHA
n 15	access	slots	every	20	ms
n Preambles	are	transmitted	for	4096	

chips	of	5120	chips	in	an	access	slot
n Followed	by	the	access	message

n Message	has	a	data	and	a	control	
part
n Data	part	has	a	variable	spreading	

factor
n Control	part	has	a	fixed	spreading	

factor	of	256

Slot 1 Slot 2 Slot 3 Slot 4 Slot 5 Slot 15

20 ms

Preamble

4096 chips
Preamble Preamble Message Part  = 1-2 10 ms frames

5120 chips

User Data – 10,20,40, 80 bits

Pilot – 8 bits

0 1 2 3 14

TFCI

Data part

Control
part

10	ms	=	2560	chips
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Reverse DPCH Structure

n The	DPCCH	carries	physical	
layer	control	information
n It	has	a	fixed	spreading	factor	of	

256

n The	DPDCH	carries	higher	layer	
information
n Spreading	factor	can	range	

between	4	and	256

n TPC	– Transmission	Power	
Control

n FBI	– Feedback	Information

Data (voice bits)

Pilot

0 1 2 3 14

10 ms Frame = 38400 chips

TFCI FBI TPC

DPDCH

DPCCH

1 slot =2560 chips

Frame 1 Frame 2 Frame 72

Superframe = 720 ms
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+ Reverse multiplexing and channel 
coding chain in UMTS

CRC Attachment

Transport Block
Concatenation/ Code
Block Segmentation

Channel Coding

Radio Frame 
Equalization

First Interleaving
(20, 40, or 80 ms)

Radio Frame 
Segmentation Rate matching

Transport Channel
Multiplexing

Physical Channel
Segmentation

CRC Attachment

CRC AttachmentPhysical Channel
Mapping

Second interleaving
(10 ms)

DPDCH1 DPDCH2 DPDCHN

Other Transport
Channels
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+
More details

n Figure	shows	reverse	link

n Forward	link	is	similar,	but	control	and	user	data	are	
separated	in	time

n Includes	power	control	for	some	channels,	and	not	for	
others
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Reverse	Link	Example
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+
Reverse chain in UMTS details –
I
n A	transport	block	is	received	from	the	higher	layers

n A	CRC	is	attached	(0,	8,	12,	16	or	24	bits)
n Used	to	provide	error	indication	to	higher	layers

n The	transport	blocks	are	either	concatenated	or	
segmented	based	on	their	size	as	compared	to	the	
channel	coding	block
n Two	types	of	channel	coding	are	provided

n ½	and	1/3	rate	convolutional	coding
n 1/3	rate	turbo	coding

n Channel	coding	is	performed
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Reverse chain in UMTS details –
II
n Radio	frame	equalization

n Ensures	that	data	is	divided	into	equal	sized	blocks	when	transmitted	over	many	10	ms
frames

n Data	is	padded	with	zeros	till	it	can	be	divided	into	equal	sized	blocks	that	fit	in	a	frame

n First	interleaving
n Used	only	when	the	delay	budget	is	acceptable
n Depends	on	how	often	data	arrives	from	higher	layers	(called	the	transmission	time	

interval	or	TTI)
n If	different	transport	channels	have	different	TTI’s,	they	must	be	time	aligned	before	

multiplexing

n Rate	matching
n This	is	similar	to	the	puncturing/repetition	operations	in	IS-95
n It	is	used	to	match	the	number	of	bits	to	be	transmitted	to	the	number	available	on	a	

single	frame
n The	TFCI	contains	the	rate	matching	attribute
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Reverse chain in UMTS details –
III
n Transport	channel	multiplexing

n Different	transport	channels	are	multiplexed	here
n Spreading	codes	are	used	to	separate	the	channels
n Serial	multiplexing	is	also	possible

n Second	Interleaving
n Also	called	intra-frame	interleaving
n Lasts	for	10	ms
n Applied	separately	for	each	physical	channel

n The	output	is	a	mapping	to	a	physical	channel	
n The	number	of	bits	given	for	a	physical	channel	at	this	stage	is	
exactly	equal	to	the	number	that	the	spreading	factor	of	that	
frame	can	transmit
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+
Traffic Engineering (2)

nQuestions:
n If	I	want	to	place	a	call,	what	is	the	probability	
that	I	will	NOT	get	a	communication	channel?
n“New	call	admission”

n If	I	am	moving	from	cell	to	cell,	what	is	the	
probability	that	during	a	call,	I	will	NOT	find	a	
communication	channel	in	the	new	cell	to	
continue	my	call?
n“Handoff	call	admission”
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+
Grade of Service

n Grade	of	service
n Usually	2%	blocking	probability	during	busy	hour
n Busy	hour	may	be	

1. Busy	hour	at	busiest	cell	
2. System	busy	hour	
3. System	average	over	all	hours

n Given	c =	T/Nc traffic	channels	per	cell	– what	is	the	grade	of	service	(GoS)?
n How	many	users	can	be	supported	for	a	specific	GoS?

n Basic	analysis	called	Traffic	Engineering	or	
Trunking
n Same	as	circuit	switched	telephony
n Use	Erlang B and	Erlang C	Models		
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Erlangs - 1

nLet	there	be	c =	T/Nc channels	per	cell

nIn	a	given	time	period,	suppose	there	are	Q	
users	making	a	call
n If	Q =	c,	any	new	call	will	be	blocked	with	
probability	1

n If	Q <	c,	then	your	call	may	get	a	channel

nHow	do	we	quantify	this	better?
nErlangs
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Erlangs - 2

n How	do	you	estimate	traffic	
distribution?
n Traffic	intensity	is	measured	in	
Erlangs

n One	Erlang =	completely	
occupied	channel	for	60	
minutes

n Examples
n 30	kHz	voice	channel	occupied	
for	30	min/hour	carries	0.5	
Erlangs

n 100	calls	in	one	hour	each	
lasting	3	minutes	=	100	
calls/hour	× 3/60	=	5	Erlangs

n Agner Krarup Erlang

n Scientist	with	the	Copenhagen	
Telephone	Company

n Studied	data	from	a	village’s	telephone	
calls	to	arrive	at	his	conclusions
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+
More on Erlangs

n Let	traffic	intensity	per	user	=	Au
n Au =	average	call	request	rate	× average	holding	time	=	l × th

n Total	traffic	intensity	=	traffic	intensity	per	user	×
number	of	users	=		Au × nu

n Example:
n 100	subscribers	in	a	cell
n 20	make	1	call/hour	for	6	min	=>				20	× 1	× 6/60	=	2E
n 20	make	3	calls/hour	for	½	min	=>	20	× 3	× .5/60	=	0.5E
n 60	make	1	call/hour	for	1	min	=>		60	× 1	× 1/60		=	1E
n 100	users	produce	3.5	E	load	or	35	mE per	user

nu =	20;	l =	1;	
th =	6/60
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+
Notation associated with queues

nWritten	as	P/Q/R/S
n P:	Description	of	arriving	traffic
n Q:	Description	of	service	rates	or	times
n R:	Number	of	servers
n S:	Number	of	users	that	can	be	in	the	system	(includes	those	
being	served	and	those	waiting)

nM	=>	Markov	(Poisson	arrival	times,	exponential	
service	times)
n Commonly	used	as	it	is	tractable	and	it	fits	voice	calls

n If	the	number	of	users	that	can	be	in	the	system	(S)	is	
infinite,	it	is	dropped	from	the	notation

51



+
Erlang B Model: M/M/c/c queue

n To	estimate	the	performance	of	a	trunked	system	use	the	
Erlang B	queueing model

n The	system	has	a	finite	capacity	of	size c
n Customers	arriving	when	all	servers	(channels)	busy	are	
dropped	

n Blocked	calls	cleared		model	(BCC)	(no	buffer)

n Assumptions	
n c identical	servers	(channels)	process	customers	in	parallel
n Customers	arrive	according	to	a	Poisson	process	(average	of	λ calls/s)
n Customer	service	times	exponentially	distributed	(average	of	1/μ
seconds	per	call)

n The	offered	traffic	intensity	is	a =	λ/μ in	Erlangs
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Erlang B Formula or Blocking 
Formula
n Probability	of	a	call	being	blocked	B(c,a)	

n Erlang B	formula	can	be	computed	from	the	recursive	
formula

nUsually	determined	from	table	or	charts

B(c, a) =
ac

c!
/

cX

n=0

an

n!

B(c, a) =
a⇥B(c� 1, a)

c+ a⇥B(c� 1, a)
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Example of Erlang B Calculation

nFor	100	users	with	a	traffic	load	of	3.5	E,	
how	many	channels	are	needed	in	a	cell	to	
support	2%	call	blocking	?
nUse	Erlang B	tables	or	charts
nWith	a	2%	call	blocking,	we	need	8	channels
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Sample Erlang B table
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Erlang B Chart
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+
Example: Using Erlang B for traffic 
engineering

nConsider	a	single	analog	cell	tower	with		56	
traffic	channels
nWhen	all	channels	are	busy,	calls	are	blocked
nCalls	arrive	according	to	a	Poisson	process	at	an	
average	rate	of	1	call	per	active	user	per	hour	

nDuring	the	busy	hour	¾	of	the	users	are	active	
nThe	call	holding	time	is	exponentially	
distributed	with	a	mean	of	120	seconds
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Example: Continued

nWhat	is	the	maximum	load	the	cell	can	support	
while	providing	2%	call	blocking?
n From	the	Erlang B	table	with	c=	56	channels	and	2%	call	
blocking,	the	maximum	load		=	45.9	Erlangs

nWhat	is	the	maximum	number	of	users	supported	
by	the	cell	during	the	busy	hour?
n Load	per	active	user	=	(1	call/3600	s)	× (120	s/call)	=	
33.3	mErlangs

n Number	of	active	users	=	45.9/(0.0333)	=	1377
n Total	number	of	users	=	4/3	number	active	users	=	1836
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Another Example

nConsider	an	AMPS	system	with	30	kHz	channels,	4	
sectors/cell,	frequency	reuse	of	Nc =	9,	and	12.5	
MHz	of	bandwidth.
n Number	of	channels	=	12.5	× 106/30	×103 =	416	
channels

n Say	20	are	control	channels	=>	total	number	of	voice	
channels	=	396

n Number	of	channels/cell	=	396/9	=	44
n Number	of	channels/sector	=	44/4	=	11

n If	an	IS-136	system	is	used,	assuming	3	time	slots	
per	carrier,	the	number	of	channels/sector	=	33
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Example (Continued)

nFor	a	2%	blocking	probability,	from	the	Erlang
B	tables,	the	maximum	traffic	load	is
nFor	AMPS:	5.84	E
nFor	IS-136:	24.6	E

nIf	the	average	call	duration	is	3	minutes,	and	
each	call	is	3/60	=	0.05	E
nAMPS	can	support	5.84/0.05	=	116	
calls/hour/sector

n IS-136	can	support	24.6/0.05	=	492	
calls/hour/sector
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+
Handoff and Mobility

nA	call	will	occupy	a	channel	as	long	as	a	
user	is	in	the	cell
n If	we	assume	cell	residence	time	is	exponential,	
then	the	channel	occupancy	=	min(call holding	
time,	cell	residency	time)

nAlso	exponentially	distributed

nSimilar	calculations	can	be	done,	but	we	
ignore	mobility	and	handoff	here
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Traffic Engineering in CDMA

nIt	is	more	complicated!

nDetermining	Erlang	capacity	is	not	trivial
nOne	approximation	is	to	use	the	number	of	
channels	from	the	“pole	point”

nTo	be	more	accurate,	we	have	to	characterize	the	
impact	of	call	arrivals	and	holding	time	on	the	
interference

nSee	for	example:	A.	M.	Viterbi	and	A.	J.	Viterbi,	
“Erlang	Capacity	of	a	Power	Controlled	CDMA	
System,”	IEEE	JSAC,	Vol.	11,	No.	6,	August	1993.
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