IEEE C802.16m-08/526r1

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.0rg/16>

Title Analog Feedback per Band — A proposal

Date 2008-07-10

Submitted

Source(s) Ron Porat , Yi Jiang, Keith Holt V0|ce_:

E-mail: rporat@nextwave.com;
Nextwave Wireless
*<http://standards.ieee.org/fags/affiliationFAQ.htmI>
Re: Contribution to support a Comment on the DL-MIMO Rapporteur group final draft: C802.16m-
' 08/657r2.
Abstract This document describes a proposal for 802.16m DL or UL CL-MIMO feedback
Purpose To be discussed and adopted by 802.16m SDD.
. This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It

Notice represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for
discussion. It is not binding on the contributor(s), who 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-SA Patent Policy and Procedures:

Pat?nt <http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and

Policy <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and
<http://standards.ieee.org/board/pat>.




IEEE C802.16m-08/526r1

Analog Feedback per Band — A proposal
Ron Porat, Yi Jiang
Nextwave Wireless

1. Introduction

Typical CL-MIMO operation is characterized by feeding back one value per band. A typical band is 400-
800KHz and spans 36-72 subcarriers.

One possible option is to calculate the feedback based on the central subcarrier of a band. This option is
suboptimal as it doesn’t represent very well the ‘average’ channel of the band.

While actual averaging of the channel across the subcarriers in a band doesn’t work well it is possible to
average the channel covariance as was shown in simulations in C80216m-08_372r3. This approach is
reasonable for small antenna configurations (2 or 4) but not for larger because the amount of feedback becomes
prohibitive.

In addition, for small antenna configurations it is also possible to reduce the amount of feedback by sending the
first or first and second singular vectors especially for SU-MIMO.

Here we derive a method that feeds back the average of the singular vectors across the band of interest. The
exact same idea can be used for precoder smoothing or interpolation at the transmitter which is key for making
sure that the effective channel seen by the subscriber is continuous.

2. Average Singular Vector Calculation

: i 2
o L min ZHvie“"' —VH
The underlying idea is to solve the following minimization problem V¢

st |v[=1

where v; is the first or

second singular vector of the channel in subcarrier i.

The algorithm works separately on each singular vector. The singular vectors are not limited in length.

The optimal solution given known phase ¢ can be shown to be v =) v,e'
ieB
A solution can be found using the alternate minimization (AM) method as follows:

e Pick any subcarrier j and align the phases of all singular vectors in the band relative to that
subcarrier. In other words - v; < v, ﬁ
ViV
e Calculate the average beamforming vector by normalizing the vector ZVi
ieB
e Repeat step 1 by using the vector calculated in step 2.
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In principle performing more iterations lead to better performance but we observed that one iteration is good
enough.
Another option for rank-2 feedback involves operating on the unitary Nx2 precoder matrices.

In this case we use a unitary matrix to ‘phase align’ the Nx2 per subcarrier precoder matrices. In other words
we need to solve mGin IV; =V,G || where G is a 2x2 unitary matrix.

The solution requires a simple SVD operation on the 2x2 matrix V,V, =QXP" to get G = PQ"

3. Simulation Results

The following plots show a comparison of the column by column algorithm (denoted algorithm 4 in the plot)
with a precoder based on just the central subcarrier.

Shown is a 4 antenna configuration using rank-2 transmission and a MMSE receiver. One precoder was used
per 36 subcarriers.

It was observed that the performance advantage increases to 2dB for a 2 antenna system and also with
increasing the band size.

4x2 TU, SVD2MMSE, 8bin/band, 2prec/band, 4bps/Hz

0
e e e ]
fffffffff Center SC
DR N U S A Algorithm 4 [
I e N [
I N
|
I S
|
1 |
|
0 E=zz7=2zz5222222220NC=0Ng=55:5322:27322223
FCCCyCCCCSCCCCooCCooyNCooONCCoCC-CIoIZy-oooo
(b s G Qe
L L L L I I I oS fooooroIoog
x i St it s Bttt e Gttt i NGttty Sty
w e L
o |
I S S . N
| |
> | |
10°F -t ol [
FCCCICC-C-C-OCCCCIZECCCCCIZCZCCOCIIZCZCCCCZINCC--CO
r——ft-"—-"—""="1-"=—"=—"=—"=—"F-—"—"=——+—-= = -~ == === -———-
r- -~ T -~ -~ " - - -~ -~ —-_ - " “"1°--_-°-7 (D [ R
[~ "1~~~ "7 [ T T T T T T TN
-1 """ [ [ [ [ R
F-——+————- |- —— == -—-—- - ————- -—-—- -
| | | | | | |
rT Tt T T == === ===== T ===l == === ===== T ===
| | | | | | |
| | | | | | |
10'3 I I I I I I I
7 8 9 10 11 12 13 14
SNR (dB)

4. Recommendation

We therefore recommend adding analog feedback to the DL MIMO SDD as specified in C80216m-DL_MIMO-
08_008r2_Analog_Feedback



