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
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


 –





Source: ITU
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
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Source: ITU





Equipment

Operations

Spectrum
$$ 4-5 cents 

per minute

1/3

1/3

1/3

Cost amortized over
seven years

People in developed economies
are willing to pay this price because
voice is a very high value application

We cannot peg our hopes for price 
reduction on continued market
growth since price elasticity in this 
market has already been maximized 

Value Pricing of Cellular Technology









● 
– 
– 
– 




● 



● 






River Ganges

IITK

5.1 Km

Mandhana

Jun ‘02

22.5 Km

Safipur

Sep ‘02

End to end
distance ~80 Km

Mar ‘03
Rajajipuram/Lucknow

Lodhar

2.3 Km

Apr ‘02

Sarauhan

Dec ‘02

17.3 Km

12 Km

Nov ‘02

0.9 Km

37 Km
MS3

Jun ‘02

Not to scale

39 Km

Land­line access point (close to 
high­population density area)

802.11 for 
last­hop 
access 

within a 
village

Point­to­Point 
802.11 link

12 Km
Banthar

Jun ‘03

23 Km

Bithoor

Sawayajpur

Dec ‘03

22 Km

5 Km

Rasoolabad

Mar ‘04





● 
– 
– 
– 

● 









Hello from SarohaAntennae at Mandhana









● 
● 

– 
– 

● 




● 

– 


– 
● 

– 
● 
● 

– 
● 





● 


● 
–  “ ”
– 
– 




● 

● 
– 
– 
– 



2400 24222400 2412 2432 2442 2452 2462 2472 2483.5

Non­overlapping channels

1 6 11

Mhz





● 
– 
– 
– 

● 
– 
– 

● 






● 
● 



A

B

C

D

L1

L2





N

A

B

T1

T2

R1

R2

(a) Syn­Rx



Exposed interface problem still persists, within a node!
Ideally, links at a node should operate independently
CSMA/CA inherently allows only one link operation per node

N

A

B

R1

R2

T1

T2

(b) Syn­Tx

 N

A

B

R1

T2

T1

R2

(c) Mix­Rx­Tx







● 
● 
● 
● 





    
    
    
    


















● 
– 


● 

– 





0o

90o

180o

270o

0dB
­3dB
­10dB
­20dB
­30dB

Side­lobe
rejection
levels

Main direction

Side­lobes

N

A

B

T1

T2

R1

R2

Syn­Rx



∣PR1
−PR2

∣SL−SIRreqd






=30o









N

A

B














Used broadcast packets on both links
6.5 Mbps with and without simultaneous operation
SynTx also verified – using antenna diversity for the setup
Experiments along with: A. R. Harish & Sreekanth Garigala




● 


● 



V 1 V 2

B bits

B bits

● 
● 




● 


– 



SynRx SynTx

Wait until end of transmission from
all neighbours, switch immediately

Wait until end of transmission to
all neighbours, switch immediately





● 

– 

● 
● 

– 





● 
– 
– 


● 

– 





● 


● 

SynTx

SynRx

t0 t1 t0d p t02 d p

N hears A, waits in SynRx

A, N in­sync here

A

N

Note: diagram ignores system/propagation delays

A, N out­of­sync




● 
● 
● 

– 
– 

● 
– 

● 

– 




● 

– 
– 
– 

● 
– 
– 


● 

– 
– 


