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Introduction

W propose inproved Space-Tine codes with full rate and full diversity for 2 Tx — rate 2,
4 Tx —rate 1, 4 Tx rate 2 and 4 Tx rate 4. Wile these codes are specified as Space-
Tine codes, they nay also be used as Space-Frequency codes or as hybrids.

Proposed enhancements

STC for 2 Tx-Rate 2 transmission
W propose to add the transmssion nmatrix:

jrl4

s e s, (42))(s,—el"4s,)

C

jrl4 _jnl4
S3 +e Sy S1 e’” S2

The proposed change is guided by the fact that the transmssion new natrix C provides
diversity gain vwhile maintaining the rate and miltiplexing gain of the existing
transmssion nmatrix Bin Section 8.4.8.3.3. See [1] [2]. It is easily checked that any
two entries of the matrix are statistically uncorrelated as in the case of the existing
matrix B The newnatrix C has rank 2, indicating a transmt diversity order 2 which is
due to "spreading" of the variables whereas the rank for the existing matrix Bis 1. The
code admts decoding with a sinple decoding algorithmof simlar conplexity as the typical
decoding algorithm for matrix B
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STC for 4 Tx — Rate 1 code:

W propose to replace the existing transmssion natrix

s, —=s; 0
4=|® st 0

0 0 s, -si|

0 0 s, s

with the newthe transmission matrix A given by

=X+ s+ x++Hjs-n) =+ jsty) N+ ()
1] x+x, +j(=y;+y,) X +x+ iy +y) x+x+ ity —xHx+ (v +yy)
20 X=X, A J ) XA —y) =+ y,) X=X = (=) |

X4+ JEy ) XX ) XX = JEn ) =X =+ y,)

vhere x; =s,cos0—s,,8in0, y, =s,sin6+s,,cos6 and O =tan'2. The conplex synbols s, take

values froma (QAMsignal set.

This proposed change is guided by the following reasons: (i) The transmt diversity gain
of A4 is 4 vwhereas that of 4 is only 2, (ii) 4 adnits a decoupled synbol -by-synbol
decoding for the variables which leads to a fast M. decoding with a sinple slicer
(analogous to the Alanputi code for 2TX). Fig. 1 shows the perfornance of this code using
decoupled M. decoding of low conplexity for (PSK



2004- 06-26 I EEE (802. 16e-04/204r0

] | R | | SRR N 1
| <o (Removed) ]
| —— 4x1 matrix A rate 1 (current)
== 4x1 matrix A’ rate 1 (new)

BER

i \ \ \ | | | | | | | | | | | | | |
5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
SNR(dB)

Figure 1: Performance conparison (uncoded) for 4Tx-Rate 1 the current matrix Ain the
standard and the new proposed nmatrix A in a flat Rayleigh fading channel with (QPSK
nodul ation.

STC for 4Tx-Rate 2:
W propose add the transmssion natrix D given by

~ ~% ~ ~%
St —82 S5 T Se
~ ~% ~ ~
*
' S2 S1 Se6 S5
B =
~ ~% ~ ~
§3 TS84 S7 TS88
~ ~% ~ ~%
S4 S3 S8 §7

where, with Re[s] and Im[s] denoting the real and inmaginary part of a conplex variable s
and 6=0.5tan'2,

1= Re[s,e”’ 1+ jIm[s.,e’’]; §,=Re[s,e’’ 1+ jlm[se”

=}

5= Re[szew] + jlm[sge'ig]; §s= Re[sge"ﬂ] + jlm[szejg

<!

§y= Re[s;e”’ |+ jIm[se”’]; §s=Re[s;e’”’ 1+ jlm[s,e”

§,=Re[s,e’1+ jim[se’’];, 5¢=Re[s.e’’ ]+ jIm[s,e”].
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The proposed code gives nore coding gain than the current transmssion natrix B with MME
detection as shown in Figure 2.

----- S I TS e e [T e [T
2t —g— 4x2 matrix B rate 2 (current) |
—7— 4x2 matrix D rate 2 (new) []
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Figure 3: Performance conparison (uncoded) for the 4Tx-Rate 1 matrix B currently in the
standard and the proposed matrix D for (PSKnodulation in a flat Rayleigh fading channel
with MME type receivers.

STC for 4Tx-Rate 4:

W propose to add a transmssion natrix E given by:

where

— 2 3
c =8 +S,u+su +s,u,

_ 2.2 3.3
¢, —a(s13 +8,,uv + 8, UV + 85Uy ),
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gt 2 4oyt stV
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g4 CONRE R SR
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%)

21 .
vhere u=e"*’, v=e*’ and a=1+2; .

This change is proposed since the transmssion nmatrix E provides diversity gain while
maintaining the rate and miltiplexing gain of the transmssion matrix Ccurrently in the
standard. As in the case of 2Tx-Rate 2 code, the matrix FEhas rank 4, indicating a
transmt diversity order 4 which is due to spreading of the variables whereas the rank for
the current code C is 1.

Specific text changes
[Mdify the following sections of 802. 16e/ 8]

8.4.8.3.3 Transmission schemes for 2-antenna BS (page 97):
Add the transmssion matrix C given by:

s, + e"‘”/“s2 (142 ))(s,—e/"'4s,)

jrl4 _pjrl4
S3 +e S4 Sl (5 S2

C:
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8.4.8.3.4 Transmission schemes for 4-antenna BS (page 98):
Replace the transmssion matrix A

Wth the transnission matrix 4 given by

=%+ j+y) X+ +in-v) -+ jsty) A+ (s -y,)
10+ + =y +y) —+x0+7(s+y)  4+x0n+E+y) —xtx+ s+,
2| %=X, i +y)  nAx -y, XX =y X —x = (=) |

X+ X+ J=+y) XA ) XX = jEn ) 6 —x =+ »,)

where x; =s,cos0—s,,8in60, y =s,sin6+s,cosd and @=tan"'2. The conplex synbols s, take

1

values froma (QAMsignal set.

Add the transmssion natrix D given by

~ ~%

S1 —82 S5 T Se
~% ~

S2 S1 S¢ Ss*
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§3 TS84 S7 TS83
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where, with Re[s] and Im[s] denoting the real and inaginary part of a conplex variable s
and 6=0.5tan'2,

5= Re[s,e”’ 1+ jIm[s.,e”’]; §,=Re[s.,e’’ ]+ jIm[s,e”

5= Re[szeﬂg] + jlm[sgejg]; §s= Re[sge’ﬂ] + jlm[szejg]

s
§3= Re[s3ej9] + jlm[sse'"9 i §s= Re[sse'w] + j[m[s3e‘i9
§.=Re[s,e”’ 1+ jIm[s.e”’]; §¢=Re[s,e”’ 1+ jIm[s,e”].
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Add the transmssion nmatrix E given by

where

— 2 3
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2z .
vwhere u=e"*’, v=e*’ and a=1+2; .
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