
2004- 06- 26  I EEE C802. 16e- 04/ 204 
 
 
 

0 
    
 
 

 

Pr oj ect  I EEE 802. 16 Br oadband Wi r el ess  Access  Wor ki ng Gr oup <http://ieee802.org/16> 

Ti t l e Enhancement s  of  Space- Ti me Codes  f or  t he OFDMA PHY 

Dat e 
Submi t t ed 

2004- 06- 25 

Sour ce( s )  Er i k Li ndskog,  V.  Shashi dhar ,  
B.  Sundar  Raj an,  Dj or dj e 
Taj kovi c,  Davi d Gar r et t ,  K.  
Gi r i dhar ,  Bob Lor enz,  Babu 
Mandava,  A.  Paul r aj ,  Tr evor  
Pear man,  Kaml esh Rat h,  Adi t ya 
Agr awal  
Beceem Communi cat i ons ,  I nc.  
Fr eedom Ci r cl e,  Sui t e 101 
Sant a Cl ar a,  CA 95054 

Voi ce:  +1- 408- 387- 5014 
Fax:  +1- 408- 387- 5010 
el i ndskog@beceem. com 

Re:  802. 16e/ D3 

Abs t r act  We pr opose i mpr oved Space- Ti me codes  wi t h f ul l  r at e and f ul l  di ver s i t y f or  2 
Tx – r at e 2,  4 Tx – r at e 1,  4 Tx r at e 2 and 4 Tx r at e 4.   

Pur pose To pr opose enhancement s  of  t he Space- Ti me codes  i n 802. 16e/ D3.  

Notice This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on 
the contributing individual(s) or organization(s). The material in this document is subject to change in form and 
content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained 
herein. 

Release The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, 
and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name 
any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole 
discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The 
contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16. 

Patent Policy 
and 
Procedures 

The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures 
<http://ieee802.org/16/ipr/patents/policy.html>, including the statement "IEEE standards may include the known 
use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or 
applicant with respect to patents essential for compliance with both mandatory and optional portions of the 
standard." Early disclosure to the Working Group of patent information that might be relevant to the standard is 
essential to reduce the possibility for delays in the development process and increase the likelihood that the draft 
publication will be approved for publication. Please notify the Chair <mailto:chair@wirelessman.org> as early as 
possible, in written or electronic form, if patented technology (or technology under patent application) might be 
incorporated into a draft standard being developed within the IEEE 802.16 Working Group. The Chair will disclose 
this notification via the IEEE 802.16 web site <http://ieee802.org/16/ipr/patents/notices>. 



2004- 06- 26  I EEE C802. 16e- 04/ 204r 0 
 
 
 

1 
    
 
 

Enhancements of Space-Time Codes for the OFDMA PHY 

  
Erik Lindskog, V. Shashidhar, B. Sundar Rajan, Djordje Tajkovic, 

 David Garrett, K. Giridhar, Bob Lorenz, Babu Mandava, A. Paulraj 
Trevor Pearman, Kamlesh Rath, Aditya Agrawal 

 
Beceem Communications, Inc. 

 

Introduction 
 
We pr opose i mpr oved Space- Ti me codes  wi t h f ul l  r at e and f ul l  di ver s i t y f or  2 Tx – r at e 2,  
4 Tx – r at e 1,  4 Tx r at e 2 and 4 Tx r at e 4.    Whi l e t hese codes  ar e speci f i ed as  Space-
Ti me codes ,  t hey may al so be used as  Space- Fr equency codes  or  as  hybr i ds .  

Proposed enhancements  

STC for 2 Tx-Rate 2 transmission 
We pr opose t o add t he t r ansmi ss i on mat r i x:  
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The pr oposed change i s  gui ded by t he f act  t hat  t he t r ansmi ss i on new mat r i x C pr ovi des  
di ver s i t y gai n whi l e mai nt ai ni ng t he r at e and mul t i pl exi ng gai n of  t he exi s t i ng 
t r ansmi ss i on mat r i x B i n Sect i on 8. 4. 8. 3. 3.   See [ 1]  [ 2] .  I t  i s  eas i l y checked t hat  any 
t wo ent r i es  of  t he mat r i x ar e s t at i s t i cal l y uncor r el at ed as  i n t he case of  t he exi s t i ng 
mat r i x B.  The new mat r i x C has  r ank 2,  i ndi cat i ng a t r ansmi t  di ver s i t y or der  2 whi ch i s  
due t o "spr eadi ng" of  t he var i abl es  wher eas  t he r ank f or  t he exi s t i ng mat r i x B i s  1.  The 
code admi t s  decodi ng wi t h a s i mpl e decodi ng al gor i t hm of  s i mi l ar  compl exi t y as  t he t ypi cal  
decodi ng al gor i t hm f or  mat r i x B.  
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STC for 4 Tx – Rate 1 code: 
 
We pr opose t o r epl ace t he exi s t i ng t r ansmi ss i on mat r i x  
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wi t h t he new t he t r ansmi ss i on mat r i x A′  gi ven by  
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wher e cos sini iI iQx s sθ θ= − ,  sin cosi iI iQy s sθ θ= +  and 12tanθ −= .  The compl ex symbol s  is  t ake 
val ues  f r om a QAM s i gnal  set .   
 
Thi s  pr oposed change i s  gui ded by t he f ol l owi ng r easons :  ( i )  The t r ansmi t  di ver s i t y gai n 
of  A′  i s  4 wher eas  t hat  of  A  i s  onl y 2,  ( i i )  A′  admi t s  a decoupl ed symbol - by- symbol  
decodi ng f or  t he var i abl es  whi ch l eads  t o a f as t  ML decodi ng wi t h a s i mpl e s l i cer  
( anal ogous  t o t he Al amout i  code f or  2TX) .  Fi g.  1 shows t he per f or mance of  t hi s  code us i ng 
decoupl ed ML decodi ng of  l ow compl exi t y f or  QPSK.  
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Figure 1: Per f or mance compar i son ( uncoded)  f or  4Tx- Rat e 1 t he cur r ent  mat r i x A i n t he 
s t andar d and t he new pr oposed mat r i x A’ i n a f l at  Rayl ei gh f adi ng channel  wi t h QPSK 
modul at i on.  
  

STC  for 4Tx-Rate 2:  
We pr opose add t he t r ansmi ss i on mat r i x D gi ven by 
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wher e,  wi t h [ ]Re s  and [ ]Im s  denot i ng t he r eal  and i magi nar y par t  of  a compl ex var i abl e s  
and 10 5 2tanθ −= . ,    
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The pr oposed code gi ves  mor e codi ng gai n t han t he cur r ent  t r ansmi ss i on mat r i x B wi t h MMSE 
det ect i on as  shown i n Fi gur e 2.  
 

 
Fi gur e 3:  Per f or mance compar i son ( uncoded)  f or  t he 4Tx- Rat e 1 mat r i x B cur r ent l y i n t he 
s t andar d and t he pr oposed mat r i x D f or  QPSK modul at i on i n a f l at  Rayl ei gh f adi ng channel  
wi t h MMSE t ype r ecei ver s .  
 
STC for 4Tx-Rate 4: 
 
We pr opose t o add a t r ansmi ss i on mat r i x E gi ven by:   
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 wher e 
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2004- 06- 26  I EEE C802. 16e- 04/ 204r 0 
 
 
 

5 
    
 
 

( )2 2 3 2
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wher e 

2
16 ju e
π

= ,  
2
4 jv e
π

=  and 1 2a j= + .   
 
Thi s  change i s  pr oposed s i nce t he t r ansmi ss i on mat r i x E  pr ovi des  di ver s i t y gai n whi l e 
mai nt ai ni ng t he r at e and mul t i pl exi ng gai n of  t he t r ansmi ss i on mat r i x C cur r ent l y i n t he 
s t andar d.  As  i n t he case of  2Tx- Rat e 2 code,  t he mat r i x E has  r ank 4,  i ndi cat i ng a 
t r ansmi t  di ver s i t y or der  4 whi ch i s  due t o spr eadi ng of  t he var i abl es  wher eas  t he r ank f or  
t he cur r ent  code C  i s  1.  
 

Specific text changes 
[ Modi f y t he f ol l owi ng sect i ons  of  802. 16e/ D3]  
 

8.4.8.3.3 Transmission schemes for 2-antenna BS (page 97):  
Add t he t r ansmi ss i on mat r i x C gi ven by:  
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8.4.8.3.4 Transmission schemes for 4-antenna BS (page 98):  
Repl ace t he t r ansmi ss i on mat r i x A:  
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Wi t h t he t r ansmi ss i on mat r i x A′  gi ven by  
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wher e cos sini iI iQx s sθ θ= − ,  sin cosi iI iQy s sθ θ= +  and 12tanθ −= .  The compl ex symbol s  is  t ake 
val ues  f r om a QAM s i gnal  set .   
 
Add t he t r ansmi ss i on mat r i x D gi ven by 
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wher e,  wi t h [ ]Re s  and [ ]Im s  denot i ng t he r eal  and i magi nar y par t  of  a compl ex var i abl e s  
and 10 5 2tanθ −= . ,    
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Add t he t r ansmi ss i on mat r i x E gi ven by 
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wher e 
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