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Motivation

• MCSK/BPPM increases the location/ranging 
capability of existing Time Hopping (TH) 
Impulse Radios (IRs)

• H/W complexity is not increased

• Same signal space with respect to TH-BPPM

• “MCSK” can be applied to other TH-IRs; eg. 
MCSK/BPSK
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TG4a Requirements

802.15.4a PHY MCSK/BPPM compared 
to TH-BPPM

scalable information rates
Better BER performance at the 
same/higher information rates and 
lower transmit power

high precision ranging/ 
location

Improved ranging/location
precision capability

low power consumption
Lower transmit power at the 
same/higher information rates and 
better BER performance

low complexity and cost No new circuit is needed / simple 
transceiver structure

*MCSK/BPPM: M-ary Code Shift Keying/Binary Pulse Position Modulation
**TH-BPPM: Time Hopping Binary Pulse Position Modulation
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MCSK/BPPM
TH PPM – user #1
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PHY TX Structure (1/2)
M user specific TH codes

- TH codes are periodic with Np
- each pulse should be repeated Ns times
- Np/Ns=k is an integer 
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PHY TX Structure (2/2)
M user specific TH codes

- TH codes are periodic with Np
- each pulse should be repeated Ns times
- Np/Ns=k is an integer 

TX
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M user specific TH codesEach user has MNN pu sample-long sequence?
NO!Generation of TH codes – “Case 1: random assignment”

TH Code Assignment (1/2) TX
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TH Code Assignment (2/2)

[ ]...23545532624755614613112132017552046

TX
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General Modulation Format

• Extra information
• Random selection of 

TH codes Improved spectrum

• Fixed signal space
• Increased information rate

R
NN
MR

sp
s ⋅⎟

⎟
⎠

⎞
⎜
⎜
⎝

⎛
+=

/
log1 2

TX



D. I. Kim, S. Erküçük, K. S. KwakSubmission Slide 12

January 2005 doc.: IEEE 802. 15-05-0020-02-004a

Receiver Structure - MLSE RX
M M

template signals
2M

Np/Ns

1
hardware structure

correlator ( )Msp NN /2
computation complexity
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Information Rate (1/3) R
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Information Rate (2/3)

Scalable info. rates
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Information Rate (3/3)
“Constant Power” Constraint

Improved performance at the same information rate for M=8
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Location Accuracy MCSK/BPPM
“Constant Power” Constraint

Procedure Result Comment
R0 (information rate); 
BER0 (performance)
TX0 (power)
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Step 1 Increase M

Step 2 BER2 may or may not be
less than BER0

Increase Np/Ns

BER3 may or may not be
less than BER0

Step 3 Increase T’f

= Increased frame time with 
longer observation period,
higher information rate, 
better BER performance 
and lower transmit power

Step 4 Increase A’

Accurate Ranging/Location
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Conclusion

• MCSK/BPPM provides:
increased information rate
lower transmit power
better BER performance
improved spectral characteristics

• MCSK/BPPM is capable of:
information rate scalability
location/ranging accuracy

Simultaneously!

IEEE 802.15.4a PHY
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Effects of TH Code Design on the Performance

MCSK/BPPM “Constant Power” Constraint
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