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Motivation

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

 H/W complexity is not increased
e 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
Better BER performance at the
scalable information rates same/higher information rates and
lower transmit power
high precision ranging/ Improved ranging/location
location precision capability

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

No new circuit is needed / simple

low complexity and cost 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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M CS K/B P P MCSK: M-ary Code Shift Keying
BPPM: Binary Pulse Position Modulation TX
TH PPM — user #1
d?=[t10101...]
— 1 1 0 1
.............................. — TH-BPPM — | | | T >
" T, 2T, 3T
., | 1 user specific TH code [ : 0 AT
e »**~—— only for

multiple access
MCSK/BPPM — user #1

d® @}/@1 01.. ] 1 3 110 101

TH-BPPM [ ' | | >t
choose —> 0 T, 2T, 3T,
..... a code ]
) v e, .Ob
M user specific TH codes "2 code
\;"uu——' Cs T, : Bittime

for multiple access and data modulation T, : Frame time
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PHY TX Structure (1/2)

- TH codes are periodic with Np
M user specific TH codes - each pulse should be repeated Nstimes
- Np/Ns=k is an integer

X

Example: M=4,N =8N, =4

¢,| [7 8236 415]
¢l 136528741
d11... TH=| '|=
] c,| |6 8731426
I\/ICSK\/_CP,_ 24863751
cc> 5 8 7 3 _ 1 4 2 6
0 S 2T,
N N R O S R
A I N W | L,
5T, 6T, T, 8T,
. Y
Tb:Bittime

BPPM

Tf " Frame time
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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

X

Information rate vs. BER performance for fixed Ns and varying Np and M

Scenario Time domain illustration Info. BER
N, /Ns=1 4_ 2 bits (MCSK) _, D rate |performance
€= 1Dit (BPPM)
M =4 0f T Np/N
A p/Ns same 1 ‘
N ) /Ns =1 4_ 3 bits (MCSK) _> Mincreasing
€= 1Dt (BPPM) mep N
M =8 ' '
Of ITb J
M same
N,/Ns=2] « 3 bits (MCSK) > *ﬁ
M =8 €= 1Dit (BPPM) s e 1 bit (BPPM) Np/Ns increasing
0) T, 'ZTM
T, : Bittime T, : Frame time
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TH Code Assignment (1/2) TX

Each user has | M user specific TH codes | > N N ) M sample-long sequence ?

Generation of TH codes — “Case 1: random assignment” N O -

, i -.r;} For Tr = 100ns, Te= 1ns: — ZIENh; |:6, Nh:64
0 f

100 slots for multiple access

m-sequence: 101110010100110111010001010100...]
46 20 55

4 C3 C3

A A

C2 o C2 ~ o

=4 |[46 20 55 17i20 1312/31 61 14 5§ 5 7 24(265345352..]

< I
M - 4 g — / Co g —~ J
C1 Ci
user #1 user #2

| NN, = NN, +M —1) |
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TH Code Assignment (2/2) TX

Generation of TH codes — “Case 2: no overlapping”

E—» user #1 « . user #2

:[46]20[ 55/ 17 2(1‘ 1312 3131 14 56 5 7 24 26 53 4535 2 ..

user #1 user #2 . user #k

- |[46(20) 55 17, [61 14 56 5]
20 55 17 20
"4 [[55 17 20 13]

E@ﬁ@] v

. |17 13 12 31

IN,N, = N, (N, +M —1)+n]
no collisions allowed
within user codes n: number of overlaps
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General Modulation Format TX

Binary PPM (BPPM)

"N, /N bit _
= TH-BPPM -
“-lll....
. @«
(N / N bits : ;:)(t): E“:(t _iT- (C(:))T;—Sd)
. ua l ans®® : ) ' iy LY ]
T={d: . (; Ny 5 . :
RN 0“-." 1st bit
. (N /N ﬂ-log, M)t bits - TH-BPPM -
userk ’. .’ 1’. .' L

data stream B=/TU C
C={di:i=(prNs)+l,m, {(C )-j=0 AAAAA N —1}

(N, / Ny )+ log M}

C (N N jpenN -1
> Selection of & (¢ ) Iy )
TH codes ’
log,Mbits | & @ @y * Fixed signal space
= 172 2%t v i . .
i | = Increased information rate
_ ) M-ary Code Shift Keying (MCSK) '
Extra information R log, M
Random selection of s N /N
p S
TH codes->Improved spectrum
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Recelver Structure - MLSE RX

received  r(t)
signal

2

il

|

=
ok

]

|

th:(t’ n=1,...M, v=0.1)
Y
template signals

2M

hardware structure computation complexity

2(Np/NS)M

1 correlator
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Information Rate (1/3)

S
N, /N,
A
TH-BPPM
Ns =2, M=1 IA |A | Info. rate Rs —] R
0 T 2T
A1
MCSK/BPPM A A
“Constant Energy/Bit” Constraint | | — 2R
Ns = 2, Np=2, M=2
P 0 T 2T
A
MCSK/BPPM
“Constant Power” Constraint IA |A | — 2R -
Ns =2, Np=2, M=2
P 0 T 2T
AL Y -
MCSK/BPPM (same info. rate) A A — R
“Constant Power” Constraint o | 7 |
Ns = 2, Np=2, M=2 0 T/ 2T/

e -- - A!: 1+ IOgZM A
‘ N, /N,

can be adjusted to achieve higher information rate at lower transmit| ., =[1+ log, M jT
power and still maintain better BER performance at the same time f N, /N |
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Information Rate (2/3)

14199 M | o

=N
e MCSK/BPPM “Constant Power” p s
A Constraint for Ns =1, M=8
. BER performance
PCIE A Scalable info. rates (wrt TH-BPPM)
1< ama .
e 1R o R -increased SNR
A ........ - reduced collusions
| ! | n g - no processing gain
.0 T, 2T, 3T, | T{=4T, - not much improvement
[AA )\ .......
_:':»| By |
\O N \  -increased SNR
=2/{ A=158a 2.5R 2> R - reduced collusions
""" A A - processing gain
| | — Ay | | - improved BER
. 0 T, 2T, T{ 3T, AT, 2T! =5T, - TX power can be lowered
(A > - info rate can be increased
0] T, 2T 3r A= [1+—2 A
23 peraia f 2R > R VN, /N,
A A A T, =1+ log, M T,
f | T i T | | N, /N
. O T, Ti=2T, 3T, 4T, 5T, 6T, J
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Information Rate (3/3)

“Constant Power” Constraint

- Improved performance at the same information rate for M=8

o Power Const., Same Info. Rate, M=8

10 Eo o e e . -
SRS S S S S SRS EE SRS SRS TH-BPPM| ]
Zﬁﬁiﬁﬁiﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁﬁﬁﬁﬁﬁiﬁﬁiﬁﬁiﬁ -—0O— - Np/Ns=1 | ]
................................................... B Np/Ns=2

10 g =+ — NpINS=3
"-Z.CZ.Z'ZZZZZZZZI::IZZIZZIZZIZZIZZI::IZZIZZIZZIZZIZ +Np/NSz4 -

o G N
W b R N N
oM
10_3_ R R B R R
I D NS N SR ~ S e, o =N ¢y M :,:)
10_4._::::::::::::::::::i::if:i::i::i::i: _
ffffEffEf:::::::::::::::::::::::::::::::::':".:_:f:.._:.:.:_:_:':.: ..... VY
5 S b ) MDA £
10_5 1 1 1
0 5 10 15 20
SNR (dB)
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Location Accuracy

Procedure

Result

MCSK/BPPM
“Constant Power” Constraint

Comment

Step 0

Initial conditions

Ro (information rate);
BERo (performance)

for TH-BPPM
or TXo (power)
R, > Ry;
Step 1 Increase M BER, > BER,;
X, =TX,
S 5 R, >R, >R,; BER ‘b
te Increase Np/Ns . 2 May or may not be
P P BER, > BER,; less than BERo
X, =TX,
Step 3 , R >R, >Ry >Ry; BER3 may or may not be
P Increase T'f BER, > BER;; less than BERo
TX, >TX,
R4 = R3 > RO; Increased frame time with
, _ longer observation period,
Step 4 Increase A BER, > BER, & BER, > BER,; higher information rate,

——

TX, >TX, >TX,

better BER performance
and lower transmit power

Accurate Ranging/Location
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Conclusion

— —
’—— ~~§
- —~—

/" > lower transmit power
.. 2 better BER performance

\

~ Simultaneously!
N\

\
\
l

/
/

S Improved spectral cha[actefistics

-y -
.5_ , -
._—__—__

— e e o o o .
— — o
- il
-l

~

-
~ - -
o . o —

N e o o e e o o ===

IEEE 802.15.4a PHY

N
\
]

Submission Slide 17

D. I. Kim, S. Erkiguk, K. S. Kwak



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

Back-up Slides

Submission Slide 18 D. I. Kim, S. Erkuguk, K. S. Kwak



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

Power Const. BER for Np/Ns = 1 (TH code set-1)

10 T T T
- 6 — M=2
o - M=4
MCSK/BPPM e T _ oMo
o v TH-BPPM
= S| g
10 Bt ”]:1\‘\

“Constant Power” Constraint

BER
=
o

10°°

10_ i i i

0 5 10 15 20
SNR (dB)
0 Power Const. BER for Np/Ns = 2 (TH code set-1) o Power Const. BER for Np/Ns =4 (TH code set-1)
10 T T T 10 T T T
: : - 6 — M=2 : : - 6 — M=2
=] M=4 =] M=4
B . . v M=8 _ _ -v— M=8
TR TH-BPPM Ei\ TH-BPPM
O ~ 1 . ‘\
&

BER
BER

0 5 10 15 20
SNR (dB) SNR (dB)
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MCSK/BPPM

“Constant Energy/Bit” Constraint

BER

10

Energy Const. BER for Np/Ns = 1 (TH code set-1)

-4

T

T

- o - M=2

=) M=4

V- M=8
TH-BPPM

10 i i i
0 5 10 15 20
SNR (dB)
0 Energy Const. BER for Np/Ns = 2 (TH code set-1) 0 Energy Const. BER for Np/Ns = 4 (TH code set-1)
10 T T T 10 T T T
- 6 — M=2 - 6 — M=2
o M=4 g M=4
—v— - M=8 —-v— - M=8
TH-BPPM TH-BPPM
e
W ]
)
S E
o :
ool
v ~. \ B~ -
% ~.§§ = S ol 0= o
107 i 1 A vl v
0 5 10 15 20
SNR (dB) SNR (dB)
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Effects of TH Code Design on the Performance

MCSK/BPPM “Constant Power” Constraint

Np/Ns=1, TH code comparison

Np/Ns=2, TH code comparison

10 T 10 T
— © — M=4, rand. — © — M=4, rand.
— ¥ — M=8, rand. —O— M=4, det.
—O6— M=4, det. conv.
—v— M=8, det.
107k 10"
N
XN
Q
N
N
xr _
W 102k 0 107k 2N
m m TN
N
(S}
N
N
©
~N
_ _ ~N
10 3L 10 5L Ry
O- - 4
10’4 i i i 10’4 i i
5 10 15 20 10 15 20
SNR (dB) SNR (dB)
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TH Code Spectrum of:

10

14

1013
a) TH-BPPM, Np=10 E
2 10
b) ideal MCSK/BPPM, Np 200
1011
c) realistic MCSK/BPPM
10 2 4 6 8 10
frequency (Hz)  10°
Fig. a. TH-BPPM
10" ‘ ‘ 10" ‘
- - - M=256,N =10
L M=8,N =256 | |
10137 10137 [l p li
¥ !
t 1
5 I Er
[ ) - \ [ M
E L Ot I
B i: l'l-\; VTR n ’\;:l !|:3|-] i: R
1 | FOL oI e LS| "lfl v H 1 E
107 F 107°F & ]! —'_: l'—_‘t .'i_:: LAY ':": P :I! _l! 9
R R VA ) a2 T
uw f yioovmt 1Y . = l: Y
W = y = 1 “ il ||' i 4
(I : \ oot / i h
10 ol v = ‘ Yy - oY \ T
2 6 8 0
° ? irequency (Hz;5 ® X 1010 irequency (Hz) X 1015;
Fig. b. ideal MCSK/BPPM Fig. c. realistic MCSK/BPPM
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