Explanations (Tracing) on Fig. 2.5 of Notes on CPM -09.12.2014-

Revised on 07.12.2017

0(kT,a)=2zh[a_,q(2T)+a,,q(T)] instant phase

6, =6_,+rha,_, cumulative phase

¢(t.a)=0(t,a)+6, =0(kT,a)+6, total phase Q)

a=[, -1, -1 1 -1 1 1 L 1]

:[ao’ a, &, a,, a, Y ClY a, as]

k=[0, 1 2 3, 4 5, , 7, 8]

t=[0, T, 2T, 3T, 4T, 5T, 6T, 7T, 8T]
¢(t,a):{0, 2?72'1 3.2;.872'1 2?72" 0.7227r’ 1.2;672 0.7227r, Z?n’ 4?72'} @)

[0, . #(kT.a)]| [3,.3,. 6] [ak_l,ak,0k+1]J ’[¢k+l,¢(kT+T,a)] ’
[®,,47/3] [-1,-1,0] s [-1,-1,0] (@, 47/3]
[©,,12182/3] [+1,-1,0] "'//, [+1,-1,0] [@®,,1.2187/3]
[®,, 47827/3] [-1,+1,0] \“‘:{1::~~~:><,_1—*"// [-1,+1,0] [©,,47827/3]
[®,, 27/3] [+1,+1,0] e\* » [+1,+1,0] [®, 27/3]
[@,.0] [-1,-1,27/3] €™~ 1 s [-1,-1,2x/3] [@,.0]
[®,,3218%/3] [+1,-1,2x/3] c\* S 5 [+1,-1,27/3] [®,,32187/3]
[@,,0.7827/3] [-1,+1,27/3] v‘;;“.f‘ [1,+1,22/3]  [@,,0.782z/3]
[®g.47/3]  [+1,+1,27/3] @« [+1,+1,2%/3] [@,,47/3]
[@,,27/3] [-1,-1,4%/3] [-1,-1,4x/3] [@,,27/3]
[®,,.52187/3] [+1,-1,4z/3] o’ail::;, [+1,-1,4z/3] [®,,.52187/3]
[®,,.27827/3] [-1,+1,4x/3] [-1,+1,4x/3] [@,,.2782x/3]
[@,,0] [+1,+1,4xz/3] . [+1,+1,4#/3] [@,.0]

Fig. 2.5 State trellis diagram for raised cosine pulse of ¢, t with L =3in Example 2.1.2. Derived

from (2.25) and (2.26). Green lines show the tracing for the input message signal sequence of

a=[1 -1 1]

=[ 0 A a,, as]

k=[0, 1. 2 3
t=[0, T, 2T, 3T]

ta— 7[ 32187[ 27 0.782rx
'3’ 3

|

3)
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Note that the interpretation in (3) is slightly different from (2).

1) Sample calculations for the transitions from @, ,0 to ®, ,27/3 and @, ,1.2187/3

By setting [6172 ,<’3.71]=[ak72 ,aH]z[l, 1], we find, as explained in (2.18) and (2.19) of Notes on
CPM_Sept 2012,

#(KT )
#(0,a)=0(0,a)+6, =27h[a,q(2T )+a,q(T)]+6,=0
27 4
00—>t9k=—?”—>?ﬂ (3)

#(KT ,a)
The resultin (3) agrees with 8, = 47 /3, whilst the initial phase, ¢(0,a) is zero. The (next) cumulated
phase is independent of the present input symbol and is given by (2.5) of Notes on CPM_Sept 2012 as

:9k+7zhak+“:9k+2?ﬂa A PN (4)

0 _ar
23 3

k+1

Now we are in a position to evaluate the next phase states as follows

a, =+1, transition from phase state [®,, , 0] to phase state [®, , 27/3]

1 1

¢(KT+T,a)=6(kT +T,a)+6,, = 27rh|:ak1q(2T)+ak q(T )}0 =27l/3

a, =—1, transition from phase state [®,, , 0]to phase state [®, , 1.2187/3]

1

(KT +T,a)=0(kT +T,a)+6,,, = 27rh|:ak1q(2T)+ak q(T )}ro =1.2187/3 (5)

2) Sample calculations for the transitions from @, ,3.2187/3 to @, ,27/3 and
o, ,2.782x/3

1

By setting a,,a, = a_,,8_, =1 —1,initially we check that

¢(kT,a)=0(KT,a)+0, =2zh[a,q(2T)+a,q(T)]+6,
=47/3(0.402-0.098)+27/3=3.2167/3 (6)

(6) means that we can set the initial phase to 3.2167/3.
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The (next) cumulated phase is independent of the present input symbol and is given by (2.5) of Notes
on CPM_Sept 2012 as

2 27 2n  Ar
9k+1:9k +7[hak+l—L:9k+?ak—2:?+?:? (7)

Now we are in a position to evaluate the next phase states as follows

a, =+1, transition from phase state [®, , 3.2187/3] to phase state [®,, , 2.7827/3]

(KT +T,a)=6(kT +T,a)+6,

k+1

=2zh {ak_l q(2T)+a, q(T )} +47/3=2.7847/3

a, =—1, transition from phase state [®, , 3.2187/3]to phase state [®, , 27/3]

#(KT +T,2)=0(KT +T,a)+6,, = 27zh{a“ q(2T)+a,q(T )}4”/3: 273 ®)

Note that to test (8), we must supply to Matlab file CPMFX_Exp1sur.m, the parameters as follows

initph = '3.218%pi/3*1'; %% ¢(KT,a)=3.2187/3

preH = '[-1 1]' %% Reverse chronological order, &,,d, = —1, 1, instead of
a,,a,=1 -1,
3) The arrangement of the Matlab settings for the transitions from ®, , 47/3 (first line of Fig

52)to @, ,2.7827/3 for a, =+1land @, ,27/3 a =-1.

To implement the first transition of the above, we make he following settings in Matlab file
CPMFX_Explsur.m

vt = [1 -1]; %To set the input to ak:+l.Note that RHS (the second)
input symbol has no effect on the output, since the output slides
one column to the right;

initph = '4*pi/3';% To set the initial phase to ¢(kT,a):4ﬂ'/3

After pressing run, we obtain the following result in the command window.

phCPM3 = 4.0000 2.7820 % Note that the output is shown without the 7 /3 fraction. The first
refers to the present phase state of 47 /3, the second indicates the transition to 2.7827/3due to
the input of 8, =+1.

Test and verify for the case of 8, = —1.

HTE — 13.09.2012 Sayfa 3



