2005-03-09

IEEE C802.16e-05/104r1

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

Title 9-bit codebooks for closed-loop MIMO

Date 2005-03-09

Submitted

Source(s) Qinghua Li, Xintian Eddie Lin, Ada Poon, Alexei ginghua.li@intel.com
Davydov, Minnie Ho, Nageen Himayat, Randall Voice: +1-408-765-9698
Schwartz, Jose Puthenkulam
Intel Corporation

Re:

Abstract

Purpose Adoption of proposed changes into P802.16e
Crossed-outindicates-deleted-text-underlined blue indicates new text change to the Standard

Noti This document has been prepared to assist IEEE 802.16. It is offered as a basis for discussion and is not binding on

otice 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.
1 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  yse 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@jieee.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-05/104r1

9-bit Codebooks for Closed-loop MIMO

Qinghua Li and Xintian Eddie Lin
Intel

Matrix codebooks

The matrix codebooks for multiple stream transmission are constructed from the vector codebooks in the
previous section using three operations depicted next. We assume that all unit vectors in the section are
complex with unit norm and the first entry of each vector is real. The first operation is called Householder
reflection transformation mentioned above in (1). The other two operations are built on Householder
transformation. One of them is called H-concatenation, and the other is called H-expansion, where the “H”
stands for Householder. The H-concatenation (HC) generates a N by M + 1 unitary matrix from a unit N vector
and a unitary N —1by M matrix using Householder transformation as

1 oL o0
0
HC(v y, Ay vy, )= H(V , 3
(N (N1)<M) (N)M A(N-1}<M ()
0

where N —1= M ;the N —-1by M matrix unitary matrix has property A” A = I. Since both terms on the left
are unitary the output of HC is a unitary matrix. The H-expansion (HE) generates a N by / matrix from a unit
N vector, v ,,, by taking the last / columns of H(v, ) as

HE(v,,/)=H(Vy ) v on - (4)

Three operations defined in (1), (3), and (4) jointly generate matrix codebooks as follows. In Table 55, by L bit
codebook we mean the codebook has 2* matrixes, which requires a L bit feedback index.

Table 5 Construction operations for N, by N . beamforming matrix codebooks with 9 bit indexes.

N, 2 3 4

Nt

oy | HCWGO@3) | e Bl H{23))

opm o | HCW 6 B3)) | HOW @3 HCr (33)r (23)) | BOp @3)HCE (3)R( 2.3))

The set notation V(N . ,L) in the input parameter of the operations (i.e. H, HC, and HE) denotes that each vector
in the codebook V(N . ,L) is sequentially taken as an input parameter to the operations. The output of the

operation (i.e., any one of H, HC, and HE) with a codebook as an input is also a codebook. For example,
inHC(V (3,6 ) H(” (2,3))), HC has two codebooks as input. The first one is V(3,6 )with 64 vectors and the second

one is H(/(2,3)) with 8 2 by 2 matrixes, which are computed from(2,3). The feedback index is constructed by

concatenating all the indexes of the input argument vector codebooks in binary format. For example, the
feedback index of HC(V(4,6), V(3,3 )) is constructed as i, j,, wherei, and j, are the indexes of the vectors in

codebooks V(4,6) and V(3,3) in binary format respectively; , denotes binary format for the indexes.
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1 Simulation results

The set of codebooks are evaluated by simulations. The channel model is ITU downlink, pedestrian A and B
with 3 km/h. Transmit antenna correlation is 0.2 and receive antenna correlation is 0. The feedback delay is 2
frames, i.e. 10 ms. System bandwidth is 10 MHz with 5 ms per frame. Packet size is 64 byte. One index is fed
back per AMC band. Both codebook SVD and STC are simulated. The scheme using the proposed codebooks
outperforms STC significantly as shown in the following figures. MMSE receiver is employed.
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Figure 1 PER performance, 4x2 with 2 data streams, ITU pedestrian A.

0 QPSK, 1/2
10— —
i —— ~—
N \\\\ﬁ\\
Li\ N
NN
< - S
AN

Tom3I

10" || &~ STC, 4 Tx ant., Matrix B AN \
—¢o 3 bit per band : X

—— 6 bit per band TR 2

— 9 bit per band

 —— One ideal feedback per band

-1 0 1 2 3 4 5 6 7 8 9 10

Figure 2 PER performance, 4x2 with 2 data streams, ITU pedestrian B.

2 Specific Text Changes
Added at the end (i.e., line 49) in section 8.4.5.4.10.12 on page 270 of [1] as follows

8.4.5.4.10.12 MIMO feedback for transmit beamforming
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An operation. H(V) is defined. It generates a unitary N by N matrix H(V) using a N vector v as

H(V)={ I, v=e,

I-pww”, otherwise

2 . ) ) . .
. I isthe N by N identity matrix: idenotes the conjugate

MW=V—e1Ldel=[l 0 L O]F'Lp=H - HJ__
W' w

transpose operation.

The matrix codebooks for multiple stream transmission are constructed from the vector codebooks using three operations.
The first operation is H(V) The second denoted as HC(V N> Aok ) generates a N by M +1 unitary matrix from a

unit N _vector and a unitary N —1_ by M matrix as

1 oL o
0

HC(VNsA(N—l)Wf )=H(VN) M A vy ]
0

where N —1= M ;the N —1by M matrix unitary matrix has property A" A =1, The third operation denoted as

HE(V oM ) generatesa N by M matrix from a unit N vector. v . by taking the last M columns of H(V N ) as
HE(v,,M)=H(v,)

,N-M+1:N =

The three operations jointly generate matrix codebooks as listed in Table 55.

Table 5 Generating operations for N, by N, _codebooks with 3, 6. and 9 bit indexes.

N, 2 3 4
N.. L
"3 antennas. 9 bit HC(V(3,6), V(2’3 )) HC(V(3,6) H(V(2,3)))
4 antennas. 9 bit | HC((4,6)V(,3)) | HCW(@43)HCWFB3)V(23)) | HCW@3)HCW(,3)H((2.3))

The set notation VN, ,L) in the input arguments of the operations (i.e. H. HC, and HE) denotes that each vector in the

codebook V(N . ,L) is sequentially taken as an input to the operations. The output of the operation with one or more
codebooks as input arguments is a codebook. For example, in HC(V(3,6) H(V(2,3))). HC has two codebooks as input.
The first is V(3,6) with 64 vectors and the second is H(V(2,3)) with 8 2 by 2 matrixes, which are computed from V(2,3)L

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(3,6) H(V(2,3))) is constructed as i, j, . where Z, and j, are the

indexes of the vectors in codebooks V(3,6) and V(2,3) in binary format respectively: , denotes binary format for the

indexes.
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