2004-08-17 IEEE C802.16e-04/267

Project |EEE 802.16 Broadband Wireless Access Working Group <http://ieee802.or g/16>

Title An enhanced closed-loop MIMO design for OFDM/OFDMA-PHY

Date 2004-08-17

Submitted

Source(s) Muhammad Ikram, Eko Onggosanusi, Vasanthan Raghavan, = mzi@ti.com
Anand Dabak, and Srinath Hosur eko@ti.com

v-raghavan2@ti.com
Texas Instruments dabak@ti.com
12500 TI Boulevard, MS 8649 hosur@ti.com
Dallas, TX 75243

Re: Contribution to the |EEE P802.16e working group

Abstract This document proposes a simple and novel closed-loop transmit precoding scheme to
improve the bit-error rate performance of OFDM/OFDMA-PHY in |IEEE 802.16e. The
proposed scheme requires a feedback of only two bits per OFDM tone for the entire duration
of aframe. The feedback rate can even be reduced to one bit per OFDM tone by sacrificing
the performance gain. Simulation results are provided to illustrate the performance gain of
the proposed closed-loop technique over the existing open-loop operation framework.

Purpose Adoption

Notice This document has been prepared to assist IEEE 802.16. It is offered as abasis 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
meaterial contained herein.

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

Patent The contributor is familiar with the IEEE 802.16 Patent Policy and Procedures (Version 1.0)

Policy and <http://ieeeB02.0rg/16/i pr/patents/policy.html>, including the statement “ | EEE standards may include the

Procedures known use of patent(s), including patent applications, if thereis technical justification in the opinion of the

standards-devel oping committee and provided the | EEE 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 devel opment 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.org/16/ipr/patents/notices>.




2004-08-17 IEEE C802.16e-04/267

An enhanced closed-loop MIMO design for OFDM/OFDMA -

PHY
Muhammad Ikram, Eko Onggosanusi, Vasanthan Raghavan, Anand Dabak, and Srinath Hosur

Texas Instruments, Inc.

1. Introduction

The current | EEE 802.16-2004 standard [1] and its IEEE 802.16e-D4 amendment [2] suggest
open-loop MIMO operation. This mode of operation assumes no knowledge, whatsoever, of
the communication channel at the transmitter. In this contribution, we propose asmple
closed-loop MIMO transmission methodology, where the transmitted symbols are precoded
using afinite set of pre-defined unitary rotation matrices. This set of matrices is known both
to the receiver and to the transmitter. Given the received data, the receiver determines the
optimum rotation matrix for each OFDM tone that will result in best performance. 1t will
then transmit only the index of the optimum rotation matrix to the transmitter, whereit is
reconstructed and used to precode the transmitted symbols. With a very few number of
rotation matrices in abasis set, the amount of feedback involved in such a scheme is much
less than if the full set of channel coefficients are sent back from the receiver to the
transmitter.

Using numerical simulations, we will show that significant performance gain is achieved
from the proposed closed-loop operation over the default open-loop case. We also illustrate
the performance/feedback-rate tradeoff and suggest possible options in easing this tradeoff.

2. MIMO Setup

Consider aMIMO OFDM setup with P transmit antennas and Q receive antennas. The Q-
dimensional baseband received signal vector r = H,,T,,..., rQET can be written as

P
r= thsp +w =Hs+w,
p:

where h; = Hh,, h, ... hy ET isa Q-dimensional vector containing channel coefficients from
ith transmitter to Q receivers, H = [hl,hz,...,hp] isthe Qx P channel matrix,
s=[s,S,...,S.]" isthe P-dimensional transmit signal vector, andw = @\g,wz,...,ngTisthe

Q-dimensional vector of zero-mean noise with variance o”. The received signal can be
processed by using either the optimal maximum-likelihood method or a sub-optimal method
like zero-forcing or linear minimum mean sgquared error processing.

Note that the vector sis represented by
s=Vvd,
whered =[d,,d,,...,d,]" isthe P-dimensional vector of symbolsto be transmitted andV is

the P x P precoding rotation matrix. The reason of introducing this notation isto bring in the
flexibility of treating closed-loop and open-loop options within the same framework. Note
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that for the open loop case, V istheP x Pidentity matrix. The effective (rotated) channel
matrix is, therefore, denoted by

H' =HV.

3. Closed-Loop MIMO

In this contribution, we will consider a two transmit antennas and two receive antennas case;
i.,e,P=Q=2. ExtensontoP >2andQ > 2is straightforward.

It isknown that if perfect channel state information is available at the transmitter, then one
can precode the transmitted symbols with the eigenvectorsV of the matrix H"H , where (0"
denotes conjugate transposition. In this case, we can perfectly separate the transmitted
symbols at the receiver, thereby achieving capacity. However, the transmittal of channel
state information from receiver to the transmitter is prohibitively expensive. The cost of
feedback is even higher in an OFDM system, where a different eigenvector is associated with
each tone.

An aternative to sending the complete channel state information is to define afinite set of N
unitary rotation matrices, which is known to both the transmitter and the receiver. Based on a
metric that improves post-processed SNR, the receiver determines a rotation matrix from the
set for each OFDM tone. The index of this matrix is then sent to the transmitter viaa
feedback path, where the matrix is reconstructed and used to precode the transmitted symbols.
This operation requires only log, N bits to be fed back from the transmitter to the receiver per
OFDM tone. For example, if the set has eight rotation matrices, then three bits per tone need
to be sent back.

Let us define aset of N 2x 2rotation matrices denoted by V

[&/% cosg, —e'% sin HnlD
= 0

VN1n2+nl - . ’

H smé?nl cosé?nl H

where
g =™ n, =01..N, -1
N2
= ,n, =01,...,N, -1
n ZNl nl l' 1

andN = N;N,.

The proposed closed-loop transmission scheme is illustrated in Figure 1. Note that for each
tone, the index of the rotation matrix is sent from the receiver to the transmitter only once per
frame. Thisisassuming that the channel stays static over the frame duration.
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Figure 1: Proposed closed-loop transmission scheme for a two-input two-output system.

3.1. Selection of Rotation Matrix

The selection of rotation matrix depends on the type of receiver employed to recover the
transmitted source symbols. In this contribution, we will consider the iterative minimum-
mean squared error (IMM SE) receiver, which detects the transmitted symbolsin the order of
decreasing post-processed SNR; i.e., the most “reliable” symbols are detected first and
removed from the received signal followed by estimating symbols of decreasing reliability.

The MM SE post-processed SNR of the two received symbol streamsis given by

SNR, =h* (h,h" +0%1) " h,, i,j=2i #],
whereh, is the ith column of the channel matrix H and| isthe2x 2identity matrix. Note that
the above SNR value is computed for the open-loop transmission.

In order to pick the best rotation matrix for each tone in the OFDM symbol, we compute the
post-processed SNR for each rotation matrix in the basis set. If we define the rotated channel
matrix as

H, =HV,, n=01...,N -1,
then the post-processed SNR for each case is given by

SNR;, =hf * (hy by +0?1) T hy,, i, =20 #jin =0,...,N -1
Of the two received streams, we pick up the smaller of the two SNR values and maximize it

over al possihilities of the rotation matrices. Mathematically, the selection of rotation matrix
can be stated as

V* =arg max (mll n (SNR;,i )) :

In other words, the above operation guarantees the maximization of the minimum post-
processed SNR over all the possible choices.

4. Simulation Results

To verify the potential of the proposed closed-loop method, we carried out numerical
simulations for a2 x 2 baseband MIMO OFDM system employing IMM SE receiver. The
symbols were QPSK modulated and the transmission took place via three-path Rayleigh
fading channels. We considered 102 data tones in the OFDM symbol, which employed 128-
point IFFT/FFT at the transmitter/receiver. Different sets of basis rotation matrices were
considered by choosing discrete values of N, and N, as shown in Table 1.
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Table 1: Sets of rotation matrices employed in closed-loop transmission.

Set N, N, N Feedback
bits
1 2 1 2 1
2 4 1 4 2
3 4 2 8 3
4 8 1 8 3
5 16 1 16 4
6 2 2 4 2
7 2 4 8 3

Figure 2 compares the open loop transmission against the closed-loop schemes employing
rotation matrix sets 1-5 of Table 1. Note that the closed-loop feedback with 2, 3, and 4 bits
result in similar performance, where the gain over open-loop performance is around 5 dB at
the raw bit error rate of 10°. The single-bit feedback case of Set 1 resultsin around 3 dB
gain.
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Figure 2: Performance of open-loop transmission scheme against the closed-loop schemefor Sets
1-5 of rotation matrices.

Figure 3 compares open-loop transmission against the two-bit and three-hit feedback
governed by Sets 6 and 7 of Table 1. For completeness, the single-bit feedback and the two-
bits feedback results from Figure 2 are also plotted. These results show that increasing the
value of N, does not help in any performance gain. Most of the gain is achieved by
increasing the values of N.,.
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Figure 3: Performance of open-loop transmission scheme against the closed-loop scheme for Sets
6 and 7 of rotation matrices.

Table 2 lists the performance improvement of each closed-loop option over the open-loop
case a the raw bit error rates of 10?and10™°. Itisclear that the (N, N, ) = (4,1) option
requiring two bits of feedback per OFDM tone gives the best tradeoff between performance
and the feedback rate. Thereis a slight performance improvement for the(N,, N, ) = (4,2)

case, but it requires an additional bit to be fed back to the transmitter. On the other hand,
performance can be sacrificed by saving a bit and resorting to single-bit feedback in the

(N,,N,)=(21) case.

Table 2: Performanceimprovement of closed-loop options over the open-loop case.

Set of rotation Performance gain in dB over Performance gain in dB over
matrices open loop at raw bit error rate | open loop at raw bit error rate

0f 107 0f107®
1, (N N,) =(2D 1.04 3.16
2; (N.N,) =(4,2) 1.87 5.11
3; (N,N,) =(4,2 1.88 5.07
4, (N,N,) =81 204 539
5, (N, N,) =(16,1) 2.01 5.42
6; (N.N,)=(2,2 0.95 3.16
7, (N N,) =(24) 1.39 3.84
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5. Proposed Text Changes

To be determined by the |EEE 802.16e working group.

6. References

1. Draft IEEE Standard for Local and Metropolitan Area Networks Part 16: Air Interface
for Fixed Broadband Wireless Access Systems, |EEE P802.16-REV d/D5-2004, May 2004.

2. Draft IEEE Sandard for Local and Metropolitan Area Networks Part 16: Air Interface
for Fixed Broadband Wireless Access Systems - Amendment for Physical and Medium
Access Control Layers for Combined Fixed and Mobile Operation in Licensed Bands,
|EEE P802.16€e/D4, August 2004.



