2005-03-09 IEEE C802.16e-05/50r7
Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.0rg/16>
Title Compact codebooks for transmit beamforming in closed-loop MIMO
Date 2005-03-09
Submitted
Source(s)  Qinghua Li, Xintian Eddie Lin, Alexei Davydov, Ada ginghua.li@intel.com
Poon, Uri Perlmutter, Minnie Ho, Nageen Himayat .
’ ’ ! ' Voice: +1-408-765-9698
Randall Schwartz, Jose Puthenkulam
Intel Corporation
Jianzhong (Charlie) Zhang, Tony Reid, Kiran Kuchi ~ charlie.zhang@nokia.com
Nokia Inc. Voice: +1-972-374-0958
Re:
Abstract
Purpose Adoption of proposed changes into P802.16e
Crossed-out-indicatesdeletedtext—underlined blue indicates new text change to the Standard
. This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on
Notice 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.
The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution,
Release 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.
The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0)
Pat?nt <http://ieee802.org/16/ipr/patents/policy.html>, including the statement “IEEE standards may include the known
Policy and  use of patent(s), including patent applications, if there is technical justification in the opinion of the standards-
Procedures developing committee and provided the IEEE receives assurance from the patent holder that it will license

applicants under reasonable terms and conditions for the purpose of implementing 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:r.b.marks@ieee.org > as early as possible, in
written or electronic form, of any patents (granted or under application) that may cover technology that is under
consideration by or has been approved by IEEE 802.16. The Chair will disclose this notification via the IEEE
802.16 web site <http://ieee802.0rg/16/ipr/patents/notices>.




2005-03-09 IEEE C802.16e-05/50r7

Compact Codebooks for Transmit Beamforming in Closed-loop MIMO

Qinghua Li, Xintian Eddie Lin, and Alexei Davydov
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Jianzhong (Charlie) Zhang
Nokia

1 Introduction

The codebooks tabulated in Section 8.4.5.4.11 consume 53 pages in D6 standard from page 282 to page 334.
This is cumbersome for storage, implementation, proofread, and readability. Since 90% of the codebooks are
generated from simple operations using IEEE floating point operations. Providing the generating operations is
desirable for efficient implementation of the standard. Two remedies are proposed next. The first is to
substitute the 53 pages with 13 expressions one per codebook. Each expression uniquely reproduces one
tabulated codebook by using IEEE floating point operations and rounding the results to 4 decimal places. The
second is to include two pages of expressions in an informative section to enhance the implementation and
readability of the standard.

2 Specific Text Changes

2.1 Remedy One — Substitution Tables with Expressions

Replace tables for V(3,1,6), V(4,1,6), V(2,2,3), V(2,2,6), V(3,2,3), V(3,2,6), V(3,3,3), V(3,3,6), V(4,2,6), V(4,3,3), V(4,3,6), V(4,4,3),
V(4,4,6), in section 8.4.5.4.11 on page 282-334 of [1] as follows

The three operations are employed and they employs floating point arithmetic in IEEE standard 754, whose final results
are rounded to 4 decimal places. The first operation generates a unitary N by N _matrix H(v) usinga N vector v as

H(v):{ . v=e,

- pww™, otherwise *

where w=v—e, and e, = [1 0 - 0]T ip= LLL isthe N by N _identity matrix; i denotes the conjugate

o]

transpose operation. Two vector codebooks V(3,1,6) and V(4,1,6) are generated as follows. All the vector codewords v;,

i =2,---,2"  are derived from the first codeword v, as

V; = HE)Q' (u)HM (s)v,. for i =2,--,2",

v, =V, e fori=2-.-2",

J2TT . 27T .
. JTull JTuNrI ) ; ; ) .
where Q'(u):diag[e 2 e 2 ] is a diagonal matrix; u = [ul UN1J is an integer vector;
T
1 i ER (Y _ _ _ _
vV, = W 1 e™ - e™ . ¢, 1s the phase of the first entry of v, . The parameters for the generation of
t R

V(3,1,6) and V(4,1,6) are listed in Table 289j.
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Table 289j Generating parameters for V(3,1,6) and V(4,1,6)

N[L] uinQ s in H(s)
3 | 6 L 26 57] [L2518 - j0.6409, -0.4570 - j0.4974, 01177 + j0.2360]'
4 16 | [L 45 22 49] | [13954-j00738, 00206+ j0.4326, -01658 - j05445, 05487 - j01599]

The second operation generatesa N by M +1 unitary matrix froma unit N vector and a unitary N —1 by M matrix as

10 -0
0
HC(VN’A(Nfl)xM)ZH(VN); A 1
(N-1)xM
0

where N-1>M ;the N —-1by M matrix unitary matrix has property A" A=1. The third operation generatesa N by
‘M _matrix froma unit N vector, v, , by taking the last N —1 columns of H(v, ) as
HE(vy) = H(vy ):,Z:N -

The three operations jointly generate eleven matrix codebooks from vector codebooks as shown in Table 289k, where
each entry is the generating operation of one codebook.

Table 289k Operations to generate codebooks V(Nt,S, L) for N, =2,3, 4, S_: 2,3,4,and L=3and6.

S 2 3 4
Ny L
~ 23 H(V(213))
3.3 HE(V(3.13)) H(V(313))
4,3 HE(V(4,.3)) H(V(4,13))
2,6 H(\V (2,16))
3.6 HC(V(313)V(2.13)) HC(V (313),H(V(2,13)))
4,6 HC(V(4.1,3)V(313)) HE(V (4,1,6)) H(V(4,16))

The set notation V (N, ,1,L)_in the input arguments of the operations denotes that each vector in the codebook V (N, ,1,L)

is sequentially taken as an input to the operations. The output of the operation with one or more codebooks as input
arguments is also a codebook. For example, in HC(V (3,,3),H(V(2,1,3))), HC has two codebooks as input. The first is

V(3,1,3) with 8 vectors and the second is H(V(2,1,3)) with 8 2 by 2 matrixes, which are computed from V(2,1,3)._The

feedback index is constructed by sequentially concatenating all the indexes of the input argument vector codebooks in
binary format. For example, the feedback index of HC(V(3,1,3),H(V(2,1,3)))_is constructed as i, j,, wherei, and j,are

the indexes of the vectors in codebooks V(3,1,3)_and V(2,1,3) in binary format respectively; , denotes binary format for

the indexes.

2.2 Remedy Two — Adding an Informative Subsection
Add at the end of section 8.4.5.4.11 on page 334 of [1] as follows
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[This subsection is informative] Thirteen codebooks tabulated in tables from 298j to 298ad are generated from operations
depicted as follows. The operation employs floating point arithmetic in IEEE standard 754, whose final results are
rounded to 4 decimal places. An operation, H(v), is defined. It generates a unitary N by N matrix usinga N vector v

as
l, v=e
H(V)= H 1 1
I-pww™, otherwise

where w=v—e, and e, = [1 0 - 0]T P :HTZHLI isthe N by N _identity matrix; H denotes the conjugate
wow| - -

transpose operation. Two vector codebooks V(3,1,6) and V(4,1,6) are generated as follows. All the vector codewords v;,

i =2,---,2"  are derived from the first codeword v, as
V; =H(s)Q'(u)H" (s)v,, for i=2,---,2",

v,=V,e % fori=2-..2",

J2TT . 27T .
: Il JUngd | . . . .
where Q'(u):diag[e 2 ...e 2 J is a diagonal matrix; u = [ul uNTJ IS an integer vector;
1 i i - b : - :
v, = W 1l e™ .. e™ . ¢, is the phase of the first entry of v;. The parameters for the generation of
t R

V(31,6) and V(4,1,6) are listed in Table 289j.

Table 289j Generating parameters for V(3,1,6) and V(4,1,6)

N LT uinQ s in H(S)
3 | 6 L 26 57] [L2518 - j0.6409, -0.4570 - j0.4974, 01177 + j0.2360]'
4 16 | [L 45 22 49] | [13954-j00738, 00206+ j0.4326, -01658 - j05445, 05487 - j01599]"

The second operation generatesa N by M +1 unitary matrix froma unit N vector and a unitary N -1 by M matrix as
10 -0

0

HC(VN A Napm )= H(vy ) .

0

1

A(Nfl)xM

where N-1> M ;the N —-1by M matrix unitary matrix has property A" A=1. The third operation generatesa N by
‘M _matrix froma unit N vector, v, , by taking the last N —1 columns of H(v, ) as
HE(vy) = H(vy ):,Z:N -

The three operations jointly generate eleven matrix codebooks from vector codebooks as shown in Table 289k, where
each entry is the generating operation of one codebook.

Table 289k Operations to generate codebooks V(Nt,S, L) for N, =2,3, 4, S_: 2,3, 4,and L=3and6.

S 2 3 4

o
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2,3 HV (2,13))
3.3 HE(V(313)) HV(313))
4,3 HE(V (4,1,3)) H(V(4,13))

HV(2,16))
HC(V(313)V(213)) HC(V(313),HV(2,13))
HC(V(4.13)V(313)) HE(V(4,.16)) H(V(4,16))

p

.

5

The set notation V (N, ,1,L)_in the input arguments of the operations denotes that each vector in the codebook V (N, ,1,L)

is sequentially taken as an input to the operations. The output of the operation with one or more codebooks as input
arguments is also a codebook. For example, in HC(V(3,1,3),H(V(2,1,3))), HC has two codebooks as input. The first is

V(3,1,3)_with 8 vectors and the second is H(V(2,1,3)) with 8 2 by 2 matrixes, which are computed from V(2,,3). The

feedback index is constructed by sequentially concatenating all the indexes of the input argument vector codebooks in
binary format. For example, the feedback index of HC(V (3,1,3),H(V(2,1,3))) is constructed as i, j, , where i, and j,are

the indexes of the vectors in codebooks V(3,1,3)_and V(2,1,3) in binary format respectively; , denotes binary format for

the indexes.
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