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Improved Differential Codebooks for IEEE 802.16m Amendment Working Document
Bruno Clerckx, Junil Choi, Gil Kim, David Mazzarese, Heewon Kang, Hokyu Choi
Samsung Electronics
Option 1 (propose to change the whole differential feedback section by changing current 4Tx rank 1 differential codebook and adding 8Tx rank 1 codebook):
Replace the text in section 15.3.7.2.6.6.4. starting at line 35, page 262, by the following text.
-------------------------------------------------- Start Text ------------------------------------------------

The differential feedbacks exploit the correlation between precoding matrixes adjacent in time. The feedback shall start initially and restart periodically by sending a one-shot feedback that shall be sufficient for the BS to determine the precoder W. The codebook for the one-shot feedback is defined for the base mode. 
Denote the feedback index, the correspondingly fed back matrix, and the updated short-term channel information by 
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For 1 stream transmission
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For 
[image: image43.wmf]4

t

N

=

 and 
[image: image44.wmf]8

t

N

=

, define the matrix 
[image: image45.wmf]x

R

 based upon the unit vector x such that its (n,m)th entry (n=1,…,Nt and m=1,…,Nt)  is given by 
[image: image46.wmf](

)

(

)

2

exp11

n

t

xjnm

N

p

ìü

--

íý

îþ

 where 
[image: image47.wmf]n

x

 is the 
[image: image48.wmf]th

n

 element of x. 
If the entries of the unit-vector x have the same magnitude, then 
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Fixing the basis of the differential codebook as 
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If the entries of the unit-vector 
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For more general 
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First, Gram-Schmidt orthogonalization is applied on 
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The rotation matrix 
[image: image87.wmf](

)

1

-

t

V

Q

 is obtained as


[image: image88.wmf][

]

(1)234

(1)

b

t

t

-

=-×

H

Vw

QVdddR

.
For 
[image: image89.wmf]8

t

N

=

, we can write 
[image: image90.wmf](1)

t

-

V

R

 as follows

[image: image91.wmf](

)

(1)

   1.0000         1.0000 - 0.0000i      

   1.0000 - 0.0000i         1.0000 - 0.0

000i         1.0000 + 0.0000i         1.

0000 - 0.0000i         1.0000 - 0.0000i 

        1.0000 + 0.000

(1)

t

diagt

-

=-

V

RV

0i

   1.0000         0.7071 + 0.7071i      

  0.0000 + 1.0000i       -0.7071 + 0.707

1i       -1.0000 - 0.0000i         -0.70

71 - 0.7071i        0.0000 - 1.0000i    

     0.7071 - 0.7071i

   1.0000        

 0.0000 + 1.0000i       -1.0000 + 0.0000

i       -0.0000 - 1.0000i         1.0000

 - 0.0000i          0.0000 + 1.0000i    

   -1.0000 + 0.0000i      -0.0000 - 1.00

00i

   1.0000        -0.7071 + 0.7071i   

    -0.0000 - 1.0000i         0.7071 + 0

.7071i       -1.0000 + 0.0000i         0

.7071 - 0.7071i        0.0000 + 1.0000i 

      -0.7071 - 0.7071i

   1.0000        -1.0000 + 0.0000i      

  1.0000 - 0.0000

i        -1.0000 + 0.0000i        1.0000

 - 0.0000i         -1.0000 + 0.0000i    

   1.0000 - 0.0000i        -1.0000 + 0.0

000i

   1.0000        -0.7071 - 0.7071i      

   0.0000 + 1.0000i        0.7071 - 

0.7071i        -1.0000 + 0.0000i        

 0.7071 + 0.7071i       -0.0000 - 1.0000

i       -0.7071 + 0.7071i

   1.0000        -0.0000 - 1.0000i      

  -1.0000 + 0.0000i        0.0000 + 1.00

00i        1.00

00 - 0.0000i         -0.0000 - 1.0000i  

      -1.0000 + 0.0000i       0.0000 + 1

.0000i

   1.0000         0.7071 - 0.7071i      

  -0.0000 - 1.0000i        -0.7071 - 0.7

071i        -1.0000 + 0.0000i     

[

]

2345678

  

   -0.7071 + 0.7071i        0.0000 + 1.0

000i       0.7071 + 0.7071i

           =(1)

t

éù

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

êú

ëû

-

Vccccccc

.
Similarly to 
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The rotation matrix 
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For 2 streams transmissions 
[image: image98.wmf]2

=

S

N

 and 
[image: image99.wmf]4

=

t

N

, 
[image: image100.wmf](

)

1

-

t

V

 is 
[image: image101.wmf]2

4

´

. Denote 
[image: image102.wmf](

)

1

-

t

V

 as 
[image: image103.wmf][

]

2

1

b

b

B

=

. Two columns are appended to 
[image: image104.wmf]B

 as 
[image: image105.wmf][

]

j

i

e

e

B

M

=

, where 
[image: image106.wmf]i

e

 and 
[image: image107.wmf]j

e

 are vectors with all zeros except that the 
[image: image108.wmf]i

-th and 
[image: image109.wmf]j

-th entries are ones, respectively. The index 
[image: image110.wmf]i

 and 
[image: image111.wmf]j

 are selected. Let the 
[image: image112.wmf]i

-th and 
[image: image113.wmf]j

-th entries of 
[image: image114.wmf](

)

(

)

(

)

ú

û

ù

ê

ë

é

+

=

1

1

Im

Re

B

B

g

 be the smallest and the second smallest, respectively, where 
[image: image115.wmf]A

 converts 
[image: image116.wmf]A

’s entries to their absolute values; 
[image: image117.wmf](

)

B

Re

and 
[image: image118.wmf](

)

B

Im

 are the real and imaginary parts of 
[image: image119.wmf]B

, respectively. Gram-Schmidt orthogonalization is applied on 
[image: image120.wmf]i

e

 as 
[image: image121.wmf]2

*

2

,

1

*

1

,

3

b

b

e

m

i

i

i

b

b

-

-

=

, where 
[image: image122.wmf]*

,

l

k

b

 is the conjugate of 
[image: image123.wmf]B

’s entry of on the 
[image: image124.wmf]k

-th row and 
[image: image125.wmf]l

-th column. Normalization follows the orthogonalization as 


[image: image126.wmf]3

3

3

m

m

b

=

. The matrix 
[image: image127.wmf]B

 is extended by one column as 
[image: image128.wmf][

]

3

2

1

b

b

b

B

=

. The Gram-Schmidt process on 
[image: image129.wmf]j

e

 is 
[image: image130.wmf]3

*

3

,

2

*

2

,

1

*

1

,

4

b

b

b

e

m

j

j

j

j

b

b

b

-

-

-

=

. The followed normalization is 
[image: image131.wmf]4

4

4

m

m

b

=

. Finally, 
[image: image132.wmf](

)

(

)

[

]

4

3

1

1

b

b

V

Q

V

-

=

-

t

t

 (note: for 
[image: image133.wmf]2

=

S

N

, 
[image: image134.wmf]bb

^

éù

=

ëû

H

wwI

). 
Let 
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Table 714. 
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 codebook.
	Index
	Codeword
	Index
	Codeword

	1
	[0.5000               0.4619 - 0.1913i   0.3536 - 0.3536i     0.1913 - 0.4619i]T
	9
	[0.6751 + 0.0001i  0.2514 - 0.0694i       0.3800 + 0.0105i  0.5729 + 0.0588i]T

	2
	[0.5000           0.4904 - 0.0975i 0.4619 - 0.1913i  0.4157 - 0.2778i]T
	10
	[0.6323 + 0.0705i  0.5466 - 0.0828i       0.4230 + 0.1359i  0.2776 - 0.1235i]T

	3
	[0.5000  0.5000   0.5000  0.5000]T
	11
	[0.3491 + 0.1889i  0.4217 - 0.1870i        0.5240 + 0.0806i  0.5846 - 0.0825i]T

	4
	[0.5000           0.4904 + 0.0975i 0.4619 + 0.1913i  0.4157 + 0.2778i]T
	12
	[0.4088 - 0.2058i  0.4407 - 0.0781i         0.5694 + 0.2246i  0.4605 + 0.0593i]T

	5
	[0.5000         0.4619 + 0.1913i  0.3536 + 0.3536i  0.1913 + 0.4619i]T
	13
	[0.2649 + 0.0123i  0.6814 + 0.0732i        0.5641 - 0.0113i  0.3690 - 0.0742i]T

	6
	[0.5182 + 0.2035i  0.4946 + 0.0989i  0.3682 - 0.2059i  0.4984 - 0.0965i]T
	14
	[0.5078 + 0.0366i  0.2973 + 0.0731i       0.7158 - 0.0466i  0.3584 - 0.0631i]T

	7
	[0.4456 - 0.0396i  0.6368 - 0.0764i  0.2196 + 0.0481i  0.5773 + 0.0679i]T
	15
	[0.3211 - 0.0820i  0.3909 + 0.0864i        0.5110 - 0.1399i  0.6564 + 0.1355i]T

	8
	[0.5794 - 0.1936i  0.4956 + 0.2377i 0.3949 - 0.0149i  0.4096 - 0.0293i]T
	16
	[0.4993 + 0.0648i  0.5261 - 0.1446i       0.5116 - 0.1426i  0.3424 + 0.2225i]T


Table 715. 
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	Index
	Codeword
	Index
	Codeword

	1
	[     1     0     0     0

     0     1     0     0]T
	9
	[   0.9770             0.1518 + 0.0929i   0.0606 - 0.0773i   0.0063 - 0.0647i

  -0.0507 - 0.1011i  -0.0981 + 0.8703i  -0.1618 - 0.0957i  -0.3914 + 0.1776i]T

	2
	[   0.9571            -0.0238 + 0.0314i  -0.0454 - 0.2541i  -0.0790 + 0.0977i

  -0.0965 + 0.0299i   0.9114 + 0.0872i  -0.0431 - 0.3386i  -0.1023 + 0.1567i]T
	10
	[  -0.6295            -0.5472 - 0.3123i  -0.0136 - 0.1891i   0.2222 - 0.3486i

   0.5496 - 0.3201i  -0.7539 - 0.0022i   0.0440 + 0.0657i  -0.0189 + 0.1434i]T

	3
	[  -0.0262             0.7460 - 0.6224i   0.2085 + 0.1061i   0.0104 - 0.0226i

   0.6933 + 0.5709i   0.1217 + 0.0055i  -0.1479 - 0.3702i  -0.1061 - 0.0917i]T
	11
	[   0.3622            -0.8103 - 0.3554i   0.0797 - 0.2550i  -0.1050 + 0.0596i

  -0.8270 + 0.3289i  -0.2410 - 0.0429i  -0.1349 - 0.3222i  -0.0937 + 0.1311i]T

	4
	[   0.9990             0.0386 - 0.0212i   0.0035 - 0.0023i   0.0002 + 0.0019i

  -0.0343 - 0.0200i   0.8730 + 0.0488i   0.3473 - 0.1714i   0.2857 - 0.0483i]T
	12
	[  -0.4402            -0.8115 - 0.0841i   0.0434 + 0.1299i  -0.1636 + 0.3083i

  -0.7666 + 0.1113i   0.5535 + 0.0180i   0.0170 + 0.1186i  -0.1660 + 0.2268i]T

	5
	[   0.9556             0.1479 - 0.0806i  -0.0215 + 0.1307i  -0.0706 - 0.1894i

  -0.0844 + 0.0610i   0.8284 - 0.3568i   0.1996 - 0.1472i  -0.1478 + 0.3037i]T
	13
	[   1             0           0             0
  0  -0.8741 + 0.0445i   0.3194 - 0.1760i   0.3172 – 0.0173i]T

	6
	[  -0.8726             0.1100 - 0.0735i  -0.4250 - 0.1821i  -0.0795 + 0.0325i

   0.1648 + 0.1221i   0.9722 - 0.0007i  -0.0410 - 0.1039i   0.0018 + 0.0180i]T
	14
	[  -0.8851            -0.3025 + 0.3449i   0.0049 + 0.0437i  -0.0340 - 0.0557i

   0.2630 + 0.2692i  -0.7941 - 0.0049i   0.2671 - 0.0632i  -0.2947 + 0.2561i]T

	7
	[  -0.6845            -0.0048 - 0.7234i   0.0310 - 0.0167i   0.0831 + 0.0006i

   0.0085 + 0.6243i   0.6200 + 0.0054i  -0.3294 - 0.2343i   0.2292 - 0.0994i]T
	15
	[   0.8990            -0.1582 - 0.1183i   0.1246 - 0.0775i  -0.3616 - 0.0214i

   0.0035 + 0.2203i  -0.8650 + 0.3492i  -0.0464 + 0.0693i   0.2338 + 0.1398i]T

	8
	[   0.5617             0.8043 + 0.1719i  -0.0617 - 0.0099i   0.0607 - 0.0241i

   0.7006 - 0.1414i  -0.5130 - 0.0152i  -0.1561 + 0.2422i   0.3191 + 0.2023i]T
	16
	[   0.5212             0.3746 + 0.7570i   0.0670 + 0.1016i  -0.0085 - 0.0003i

   0.3025 - 0.7018i  -0.4381 + 0.0708i  -0.2495 - 0.2784i   0.2622 - 0.1028i]T


Table 716. 
[image: image174.wmf](8,1,16)
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	1
	[0.3536             0.3481 - 0.0620i   0.3318 - 0.1221i   0.3053 - 0.1783i   0.2693 - 0.2291i   0.2249 - 0.2728i   0.1736 - 0.3080i   0.1169 - 0.3337i] T

	2
	[0.3536    0.3536    0.3536    0.3536    0.3536    0.3536    0.3536    0.3536] T

	3
	[0.3536             0.3481 + 0.0620i   0.3318 + 0.1221i   0.3053 + 0.1783i   0.2693 + 0.2291i   0.2249 + 0.2728i   0.1736 + 0.3080i   0.1169 + 0.3337i] T

	4
	[0.2906 - 0.0200i   0.4444 + 0.0108i   0.4342 + 0.0303i   0.1793 - 0.0863i   0.2521 - 0.1518i   0.3282 + 0.0218i   0.3004 + 0.1157i   0.4287 + 0.0795i] T

	5
	[0.3311 - 0.1474i   0.3272 + 0.1143i   0.3873 + 0.0384i   0.3626 - 0.0583i   0.3737 + 0.0192i   0.1792 + 0.0889i   0.4404 + 0.0747i   0.2563 - 0.1298i] T

	6
	[0.2673 - 0.0837i   0.2992 + 0.1142i   0.4013 - 0.1815i   0.3279 + 0.0871i   0.4244 - 0.0023i   0.3868 + 0.0546i   0.1992 - 0.0770i   0.3517 + 0.0886i] T

	7
	[0.3565 + 0.0150i   0.3273 + 0.2208i   0.2443 + 0.0437i   0.3531 - 0.0023i   0.1877 - 0.0503i   0.3968 - 0.0686i   0.3967 - 0.1257i   0.3954 - 0.0325i] T

	8
	[0.2692 + 0.0564i   0.1377 - 0.0422i   0.3737 + 0.0732i   0.4682 + 0.0232i   0.3543 - 0.1060i   0.3830 - 0.1081i   0.3267 + 0.1309i   0.3452 - 0.0274i] T

	9
	[0.5558 - 0.0265i   0.2917 - 0.1080i   0.2468 - 0.0112i   0.2349 + 0.0975i   0.3841 - 0.0851i   0.3777 + 0.0857i   0.2959 + 0.0462i   0.2710 + 0.0014i] T

	10
	[0.3512 - 0.0135i   0.3684 - 0.0787i   0.3290 - 0.1587i   0.4496 + 0.0104i   0.1138 + 0.0889i   0.3743 + 0.0376i   0.3744 + 0.0846i   0.2972 + 0.0294i] T

	11
	[0.3019 - 0.0112i   0.3290 - 0.0413i   0.2526 + 0.0865i   0.3723 - 0.1501i   0.3556 + 0.0874i   0.4419 + 0.1317i   0.1810 - 0.0185i   0.4235 - 0.0845i] T

	12
	[0.4414 + 0.1170i   0.2544 - 0.0440i   0.5248 + 0.0495i   0.2776 - 0.0560i   0.2809 + 0.0889i   0.2543 - 0.0280i   0.3243 - 0.1383i   0.3002 + 0.0109i] T

	13
	[0.3326 + 0.0290i   0.3162 - 0.0246i   0.2439 - 0.0715i   0.2435 + 0.0394i   0.4144 + 0.1580i   0.2499 - 0.1466i   0.3653 + 0.0636i   0.4921 - 0.0474i] T

	14
	[0.2175 + 0.0841i   0.3069 - 0.0547i   0.2585 - 0.0121i   0.3180 - 0.0758i   0.4315 - 0.0575i   0.3420 + 0.0932i   0.5086 - 0.1004i   0.2749 + 0.1231i] T

	15
	[0.2964 + 0.1588i   0.5326 + 0.0223i   0.3281 - 0.0056i   0.3657 + 0.0395i   0.3868 - 0.0507i   0.3071 - 0.0468i   0.2536 - 0.0103i   0.1876 - 0.1073i] T

	16
	[0.3207 - 0.1592i   0.4222 - 0.0774i   0.3093 + 0.1507i   0.4130 + 0.0336i   0.3435 + 0.0559i   0.2832 - 0.1124i   0.2810 - 0.0390i   0.2851 + 0.1478i] T


----------------------------------------------- End of Text -------------------------------------------------
Option 2 (propose to keep the current differential feedback section but add 8Tx rank 1 differential codebook):
Add the following text in section 15.3.7.2.6.6.4. starting at line 65, page 263.

-------------------------------------------------- Start Text ------------------------------------------------ 
For 8Tx differential feedback, the procedure works as follows. 
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If the entries of the unit-vector 
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 have the same magnitude, the rotation matrix 
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For more general 
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, Gram-schmidt orthogonalization is applied to 
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We can write 
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Gram-Schmidt orthogonalization is applied such that
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for j = 2,…,
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The rotation matrix 
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The feedback matrix 
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 is selected from a differential codebook D(8,1,16) and is listed in 716.
Table 716. 
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codebook.
	Index
	Codeword

	1
	[0.3536             0.3481 - 0.0620i   0.3318 - 0.1221i   0.3053 - 0.1783i   0.2693 - 0.2291i   0.2249 - 0.2728i   0.1736 - 0.3080i   0.1169 - 0.3337i] T

	2
	[0.3536    0.3536    0.3536    0.3536    0.3536    0.3536    0.3536    0.3536] T

	3
	[0.3536             0.3481 + 0.0620i   0.3318 + 0.1221i   0.3053 + 0.1783i   0.2693 + 0.2291i   0.2249 + 0.2728i   0.1736 + 0.3080i   0.1169 + 0.3337i] T

	4
	[0.2906 - 0.0200i   0.4444 + 0.0108i   0.4342 + 0.0303i   0.1793 - 0.0863i   0.2521 - 0.1518i   0.3282 + 0.0218i   0.3004 + 0.1157i   0.4287 + 0.0795i] T

	5
	[0.3311 - 0.1474i   0.3272 + 0.1143i   0.3873 + 0.0384i   0.3626 - 0.0583i   0.3737 + 0.0192i   0.1792 + 0.0889i   0.4404 + 0.0747i   0.2563 - 0.1298i] T

	6
	[0.2673 - 0.0837i   0.2992 + 0.1142i   0.4013 - 0.1815i   0.3279 + 0.0871i   0.4244 - 0.0023i   0.3868 + 0.0546i   0.1992 - 0.0770i   0.3517 + 0.0886i] T

	7
	[0.3565 + 0.0150i   0.3273 + 0.2208i   0.2443 + 0.0437i   0.3531 - 0.0023i   0.1877 - 0.0503i   0.3968 - 0.0686i   0.3967 - 0.1257i   0.3954 - 0.0325i] T

	8
	[0.2692 + 0.0564i   0.1377 - 0.0422i   0.3737 + 0.0732i   0.4682 + 0.0232i   0.3543 - 0.1060i   0.3830 - 0.1081i   0.3267 + 0.1309i   0.3452 - 0.0274i] T

	9
	[0.5558 - 0.0265i   0.2917 - 0.1080i   0.2468 - 0.0112i   0.2349 + 0.0975i   0.3841 - 0.0851i   0.3777 + 0.0857i   0.2959 + 0.0462i   0.2710 + 0.0014i] T

	10
	[0.3512 - 0.0135i   0.3684 - 0.0787i   0.3290 - 0.1587i   0.4496 + 0.0104i   0.1138 + 0.0889i   0.3743 + 0.0376i   0.3744 + 0.0846i   0.2972 + 0.0294i] T

	11
	[0.3019 - 0.0112i   0.3290 - 0.0413i   0.2526 + 0.0865i   0.3723 - 0.1501i   0.3556 + 0.0874i   0.4419 + 0.1317i   0.1810 - 0.0185i   0.4235 - 0.0845i] T

	12
	[0.4414 + 0.1170i   0.2544 - 0.0440i   0.5248 + 0.0495i   0.2776 - 0.0560i   0.2809 + 0.0889i   0.2543 - 0.0280i   0.3243 - 0.1383i   0.3002 + 0.0109i] T

	13
	[0.3326 + 0.0290i   0.3162 - 0.0246i   0.2439 - 0.0715i   0.2435 + 0.0394i   0.4144 + 0.1580i   0.2499 - 0.1466i   0.3653 + 0.0636i   0.4921 - 0.0474i] T

	14
	[0.2175 + 0.0841i   0.3069 - 0.0547i   0.2585 - 0.0121i   0.3180 - 0.0758i   0.4315 - 0.0575i   0.3420 + 0.0932i   0.5086 - 0.1004i   0.2749 + 0.1231i] T

	15
	[0.2964 + 0.1588i   0.5326 + 0.0223i   0.3281 - 0.0056i   0.3657 + 0.0395i   0.3868 - 0.0507i   0.3071 - 0.0468i   0.2536 - 0.0103i   0.1876 - 0.1073i] T

	16
	[0.3207 - 0.1592i   0.4222 - 0.0774i   0.3093 + 0.1507i   0.4130 + 0.0336i   0.3435 + 0.0559i   0.2832 - 0.1124i   0.2810 - 0.0390i   0.2851 + 0.1478i] T


----------------------------------------------- End of Text -------------------------------------------------
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