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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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( )2 2 3 2
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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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Add t he t r ansmi ss i on mat r i x E gi ven by 
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