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At this time it looks unlikely that I will be gttending the
neeting of IEEE 802.4.L to be held in Atlanta so I have
Sorwarced this information to you for vour review. Between
meetings some work concerning codes suitable for use in a
CDMA or CSK environments was done. Specifically, the Xasami

characteristics of those codes were examined. The attached

Tepresents some of the information cbtained in that analysis.
What vou will find is first the m=-sequence of length 64 which
was chosen totally at random as the basis for +<he kasami
codes. I actually generated codes from all of the Phases of

this M=sequence and found that Codes from different rhases of
the generating Sequence also have good properties when
correlated against each Other. The first page however shows
the sequence and the Séquence correlated in a periodic
fashion against the Seéven sequences which were generated frcno
it. This code is called "sally".

On the next Page vou will find the Seven sequences generated
from "sally". The next set of charts illustrates the
autocorrelation and Cross correlation characteristics of the
Seven codes listed on the brevious page. Aas You can see they
exhibit the bPredicted the level side lobes with the set of
sidelobe levels being {m/2-1, -(m/2+1), -1}. For the next
set of diagrams, I generated a test signal with each of the
codes in succession and correlated that test sequence &gainst
€ach code in turn. These diagarams illustrate the
performance of the code in periodic correlation situations.
Finally, there are a series of diagrams showing the
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Although not illustrated in the attached diagrams it appears
that the codes which are derived from other phases the same
m—sequence are also well behaved with respect to the codes
liz+=4. This allows the prossibility that more thar “-~ m/2
codes which are availablé from a specific generating segquence
can be used in a system. In fact if I had to take an
educated guess based on the analysis so far I would guess
that the number of useful codes approcaches or exceeds m,
making significant increases in data rate for a given
bandwidth expansion factor available at the expense of
receiver complexity.

If I were to generate a specific proposal at this time I
would propose that we use Code Shif: Keying with BPSK
modulaticn rather than deal with the potential objections
associated with transmitting multiple codes simultaneouslv.
In a scenario in which the eight codes listed in this
cdocument were the codes transmitted, and if we use the entirs
band at 200 MHz we would have a chip time of about 40 ns, &
Ssympbol time of azbout 2500 ns and a symbol rate of 400
ksymbols/second. With the eight possible codes in a CSK
environment three bits per symbol could be transmitted. If
the error correcting code was a rate 2/3 code we could
transmit 2 information bits per symbol leaving us with an
information rate of 800 Kbps in the 900 MHz band. A similar

analysis in the 2.5 GHz band yields an information rate of
gbout 2 Mbps.

32 Conklin Road, Warwick, New York 109390 (914)986-3492 FAX (914) 986-6441

Page 2



- . -1
May 1990 Doc: IEEE p802.41./90-19
Qulf37]= SAcer
(-l; ¢ _1: 1, -1, 1, 1, =15 -1, 1 1, =1; i; 1, 1, -1, s 1 -1, 1, -1, -1, 1, -1, -1, 1, 1,
10-1, -1, -1, 1, '-1,’1,_1, 1, 1, -1, -1, 4

»=le 1o =1, <3, o1, 1, 1, -1, -1, o1, -1, L =1,
-11 '11 -l; =1

. - 1' 1, 1, l, 2; 1}
Inf43]:=

a=cresscorr [Langth [test],tast

ListPlot([a,plot

+8ally];
tloinad ->T

Trga, PlotRa.nga—>All]
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In[29]:=
kasamitabla([1,1]]

Quif29]=
(l, -1' -l' 1' -1' -l' l’ -l’ —11411 l; -lp -ll

In[30]:=
kasamitabla[[1,2]]

Qut[30]=
{-1, -1, 1, -1, 1, -1, 1, 1, -1, -1, -1, 1, -1,

In[31]:=
kasamitablae[[1,3]]

Cutf31]=

-1, IR =i, -1, 1,1, 1, 1, 1, =1, 1,

N
e Tde =, L, 2, -1, 1, iv 1 1, 1, 1, 1, -1,
i iy T, Ly =L, =1, -1, =1}
in[32]:m

kasamitablae[[1,4]]
Out[32]=
L -l L L 1 1. -1, -1, =1, -1, 1, L, 1, i,

1n[33]:=
kasamitabla[[1,5]]
Cut[33]=

(=1, 1, i, L, =1, 1 1, 1, 1, =1 1 -1 1 -1

In{34]: =
kasamitable([1, 671
Cut[34]=
{1, 1, 1, -1, -1, -1, -1, -1, 1, -1, -1, -1, =1.

In[36]:=
kasamitable([[1,7]]
Oul[36]=
t, 1, -1, -1, 1,1, 1, -1, 1, 1, -1, 1, 1, -1,
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In[43]:=

a=croasco:r[Length[tast],tast,sally];
ListPlot(a,PlotJoined =>Tzue,PlotRange~>All]
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In[6]:=
tant:Join[kasamj.tabla[ [1,1]] ,kanamitable[ [1,2113;
In[7]:=

tast=Join [test, kagamitable [{1.3311;
test=Join [test, kasamitable [(1,4313;
test=Join [test, kasmita.ble[ [1,5]11;
tast=Jo:Ln[taet, kagamitableg [[1,6]11];
test=Join(test, kasamitabla( [1,7111;
. test=Join [test, kanamitable[ [2,1111;

In[9]:=
crosscorr [I.ength[tqct] stest, kasamitahle {11,1311;
In[10]:=
ListPlot([s, PlotJoined =>Trua, PlotRanga->All]
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In[I 1] =
crosscorr [I.ang-th[test] +test,kasamitanie {r1,2313:;
Inf12]:m

ListPlot(y, PlotJoined ~>Tryue 7 Plotmnq-->u1]
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20+

out[12]a
-Graphics-
In{15]:=
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a=cronscor:[Length[tant],tast,kasamitable[[1,3]]];

ListPlot[a,PlotJbinad

60T

Qutf15]=
-Graphics-

In[16]:=

a=crogsecorr(lengthltaest
ListPlot[a,PlotJoined

—>True,PlotRanga->All]

],tcst,kasamitabla[[1,4]]];

->Trua,PlotRange->All]
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Outf16)=
-Graphics-
/n[17]:-

a=croggcorr (Langth [test], tagt ,

kasamitable[[l,S]]JI
ListPlot [2,2lotJoined

->Truae, PlotRanga-Mul]

60+

40-t

Out[17]=
-Graphics-
Inf18]:a

a=crosgscorr|lan
ListPlet [2,Ploct

agth [test], tast,kag
Coined =>Truae, PlotRange

amitabla( {1, 6111;
=>Al1l]
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Out[18])=
-Graphics-
In[19]:=

Doc: IEEE p802.4L/90-19

a=croacco:r[1¢ngth[teat],tast.kasamitabla[[1,7]1];
ListPlot[a,PlotJoined ->T:ue,PlotRange->All]
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Out[19]=
-Graphics-

In{26]:=

tast:Jan[ka:amLtable[[1,1]],Rctatnnight[kanamitabla[[1,2]],1]]:

In[27]:=

test=Join[test,RotateRight (kasamitable([1,2]],6]];

 In[28):m

gm::onnco::[!.ength[teat] ,test, kasamitable (11,1113

ListPlot(a,PlotJoined

->T:ua,PlotRange->All]
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a=Fouz1¢:[kazam1tabl¢[[1,1]]];
LiatPlot[Aba[a],Plotabinad —>Tru¢,PlotRange—>All]

Infd47]:=
LL:tPlot[Ahu[a],PlotJbined ->T:ua,PlotRango->All]
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Out[47]=
-Graphics-
In[48]:m=

a=Fouriar[kasam1tabla[[1,2]]]:
ListPlct[Abs[a],PlotJoined ->Trua,PlctRanga->All]
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Qut[48]m
~Graphics-
Inf49]:=

a=FourLer[kanamitablo[[1,3]]];
LietPlot[Aba[a],PlotJoinad ->True,PlotRanga—>All]

Outf49]=
-Graphics-~

In(50]:a
a=Four1ar[kanamitable([1,4]]]:
ListPlot[Aba[a],PlotJoinod ->T:ue,PlotRange->All]
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Oul(50]=
-Graphics-
In[51]:=
a=Fouriar(kasamitablo[[1,5]]];
ListPlot[AbB[a],PlotJbined ->T:ue,PlotRange->All]
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out[51]=
-Graphics-

In[52]):=
a=Four1ar[kasamitable[[1,6}]];
ListPlot[Aba[a],PlctJoined ->T:ue,PlotRange—>All]

10 20 30 40 50 60
Qut[52]=
-Graphics-
In(53]:=
a=Fou:ie:[kanam1tabla[[1,7]]];
ListPlot[Aba[a],PlotJoinad ->T:ua,PlotRanga—>All]
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