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Introduction

This contribution is provided in response to the Call for Contribution on Project 802.16m System Description
Document (SDD) issued on 2008-01-24 (IEEE 802.16m-08/005 ) to propose a pilot design and structure to support
precoding on downlink MIMO.

In time-divison duplexed (TDD) systems, channd estimates on the uplink transmission might be utilized at the base
gation to employ precoding on the downlink. A multiple antenna base station can transmit spatialy multiplexed streams
over shared frequency resources. This can be asingle-user (SU-MIMO) transmission, when adl spatid Sreams are
dlocated to asingle user, or amulti-user (MU-MIMO) transmission, when multiple users are served.

Further to our previous contribution [C80216m 08/058r1] on Vector Perturbation, we introduce aMU-MIMO
technique based on Multiuser Tomlinson Harashima Precoding (THP) in this contribution. In additionwe a so introduce
aproblem for the channel estimation and propose a pilot structure to solve the problem.

Description of Multiuser Tomlinson Harashima Precoding (THP)

Channel Inversion (Cl) precoding overcomes the changes made by the channel during the transmission by applying the
M oore-Penrose pseudo inverse of the channel at the tranamitter Side, i.e,, the data vector is precoded in order to
remove inter- user interference. The basic assumption at this point is therefore perfect channd state information (CSl). A
drawback of ClI precoding isthe increase of the transmit power [1]. Prior to transmission, the precoded sgna has to be
scaled in order to normaize the transmit power according to the restrictions of the base station. In order to solve the
problem, the multiuser THP uses modulo operation to reduce the transmit power, in combination with the successve
cancdllation at the transmitter. The block diagram of the multiuser THPis shown in Figure 1.
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Figure 1: Block diagram of the multiuser THP

In the multiuser THP, a channd matrix can be decomposed as
H=R"Q" (1)
where Q isaunitary matrix and R isa upper triangular. We can then define the feedback matrix B, with ones on the
diagond, as
B =GR" 2

where the scaling matrix G = diag ((rl*l)‘l () " (e )1) . Because the triangular structure of the feedback matrix

B, the symbols x, are successively generated from the data symbols

ul A={a +jala a1 +123,..(VM - 1]

k-1
X =u.-a b x k=1..,K 3
=1

Since this strategy would increase transmit power significantly, the modulo reduction reduces the tranamit symbolsinto

the boundary region of A. Mahematicaly, integer multiples of 27/M are added to the red and imaginary part of .
Now, the channel symbolsare given as

k-1
X, =U +p - a biX 4
1=1
where p, 1 {2N>(p, +ipo) I P o1 Z}. In other words, instead of feeding the data symbols u, into the linear

pre-equalization, the effective datasymbols v, =u, + p, are passed into B™, which isimplemented by the feedback
structure. Note that this choice is unique and done implicitly by the modulo operation.

The output of the modulo operator isinput to the feed forward matrix W that can be defined as

W =Q. ©)
It isworth noting that the Sgnd x isin the boundary region of A and the feed forward matrix is unitary so thet there is no
power penalty in multiuser THP.

The received signd denoted by y, can bewritten as

y= Hin+n :iHQB'1v+n

N Vo

(©)

where g =|Wx|’.
Since the G isadiagond, the interference at the users are diminated . After the scaling operation Of\/aG , the received
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ggnd is fed into the modulo reduction at the receiver and the origina sequence uis recovered, because the modulo
reduction is a unique operation.

Performance of the multiuser THP

In the section we demongtrate the performance achieved by the proposed non-linear technique Tomlinson Harashima
Precoding (THP) compared to linear Channd Inverson (Cl) precoding. Here, we consider a multi- user downlink with a
Gaussian MIMO channdl. We assume a base station having two or four transmit antennas, and two or four users
equipped with one receive antenna each, respectively. We further assume perfect channd knowledge at the tranamitter.
In each frame, spatid streams are being tranamitted to the users, one per user.
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Figure 2: Comparison of THP and Channel Inverse Precoding

Note that MU-MIMO 2x2 is the configuration of 2 transmit antennas with 2 users with 1 antenna each and MU-MIMO
4x4 isfor 4 transmit antennawith 4 users. Figure 2 shows the average performance of an uncoded transmission using
16-QAM modulaion. The gainin terms of uncoded bit error rate (UBER) between Channel Inversion Precoding and
multiuser THP is evident, as we can observe a performance gap of approx. 10dB  and 5 dB respectively at the 0.1%
UBER line, which has shown clearly that the proposed nonlinear THP precoding achieves significant gain over linear
precoding.

Proposed pilot structure

In 802.16e, procoding was specified to employ the dedicated pilot (pilot is precoded in the same way as data) in order
for MSto estimate the effective channd g /G without any knowledge of the precoding scheme. However in the
multiuser THP, because the increase of the data symbolsis compensated by the modulo reduction, it cannot be used for
the pilot because the pilot have to reflect the channe state information. The reduction of the modulo part could be a
graight forward manner to transmit the pilot, however, there must be a problem of the increase of transmit power owing
to the feedback matrix and it decreases the channel estimation performance.
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In this contribution we propose to use the feedforward matrix for the transmission of the pilot. Here we show the
examples for 2x2 system. The received pilot represented by Vo IS written as

1
Y il = H—=Wu

\/a pil ot pl lot

HAH
R Q Qupi|0t+npilot

I—‘%||I—‘

()

— H
=—R"u pilot +n pilot
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pllot,l L:|+n .

lot
\/—@rzzupﬂotz r upllot,lg P

Since only the unitary matrix is used, this tranamit signa does not suffer from the power pendty. The received sgnd,
however, suffers from the interference owing to the triangular stricture of R. It can be diminated by using the
orthogona structure of the pilot and the pilot dlocation. Figure 3 shows one example of the pilot Structure and dlocation
with multiuser THP.

Antenna 1 Antenna 2 f
e
@ ® symbols 4k+1 Q O t
@ ® symbols4k+2 O @
()] @ symbols4k+3 O 0]
9] o symbols4k+4 0] O

. Pilot tone antl
. Pilot tone ant2

0= -0
Figure 3: Designed pilot structure and allocation with multiuser THP

For example, the stream 1 transmits Uy or,1 aNd Upijor 2 8t the symbols of 4k+1 and of 4k+2, respectively. On the other
hand, the stream 2 transmits Wyior,1 aNd - Wsiior 2, respectively. The orthogona operation within the two symbols can
diminate the interferencein (7) . Note that any other pilot patterns can be used aslong as the pilot is unitary-
beamformed and itsallocation is orthogond in the frequency or time domain. The legacy pilot dlocation (eg., pilot is
only transmitted from single antenna at the same resource) is dso used in this scheme.

Channel estimation performance

We'll show how much degradation occursin astraightforward manner (denoted as graightforward) and aso show the
proposed structure can solve the problem. The mean square errors (MSE) of the pilot estimation is calculated to
evauate the channd estimation performance. For example, the MSE for user 1is

* o\ 2
MSE:E{(rll_rll)} {(11 My - ‘\/_n)} E{g (8)
In the straightforward scheme, the transmit power denoted by g, is written as
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0. =Iwx"=|Q8 v =u"8 "B u ©

On the other hand, the transmit power of the proposed scheme becomes
9, = WA =[Qul| = Ju =s (10

2
The definition of the SNRis SNR= 5_32 , Where s * shows the noise variance. The gain achieved by using the

n

proposed scheme can be written as g /gp .
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Figure 4: MSE performance of channel estimation

Figure 4 shows the M SE performance of the channd estimation by using computer Smulation. The channd isiid fat-
Raeigh fading channdl. It can be seen that the M SE of the straightforward pilot structure suffer from the power penalty
asin (9). By usng the proposed dgorithm, the M SE performance isimproved as predicted in (10).

Conclusions and recommendations

Multiuser THPis proposed to be one of the technique for the MU-MIMO which shdl be specified in the System
Description Document (SDD). The multiuser THP gives better performance than thelinear channe inverson agorithm
However, there isa problem of transmitting the pilot signal. The proposed dgorithm can transmit the pilot without power
pendty, and therefore it represented better channel estimation performance.

We propose to specify Multiuser THP in SDD with proposed pilot structure.
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~~~~~~~~~~~~~~~~~~~ Text Input start  ~~~~~~~~~~~~~~~~~~~~v ~~=~

XXX MU-MIMO

[Insert the following subclause]

X.X.X.y Multiuser THP

The multiuser THP uses the modulo operation in combination with the successve cancdletion at the tranamitter.
X.X.X.y.z Pilot structureto support 2x2 MU-MIMO

For MU-MIMO THP operation, the pilot Sructure shall have a converse pilot pattern on one stream. Thereisno
restriction on location of the pilot which can adopt legacy pilot pattern. One example of the pilot structure for Multiuser
THP is defined as shown in Figure xyz to support 2x2 MU-MIMO.
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Figure xyz: Designed pilot structure and allocation with multiuser THP

In the multiuser THP, pilot is beamformed based on the feed forward unitary matrix to fit the power congraint while
datais beamformed by the feed forward and feedback matrix. The interferencea the usersis eiminated by the
orthogond structure of the pilot alocation as shown in Fg xyz.

yyy. TLV Encodings
yyy.X. SS capabilities encodings
[Insert new subclauss yyy.x.yz]

yyy.X.yz. Modulo capability support

Name Type Length Vaue Scope
Modulo TBD 1 0: no modul o support REG-REQ
capability 1: modulo support REG-RSP

yyy.y. Modulo mode support

Thisfidd indicates the SS operation mode. A SSusesthisfied in SBC-REQ in indicate its modulo operation mode.
The BS usesthisfidd in SBC-RSP to confirm the SS mode.

Name Type Length Vaue Scope
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0: no modulo mode
Modulo mode TBD 1 BC-REQ/RSP
1: modulo mode

yyy.z. MUMIMO feature support

ThisTLV indicates the MU-MIMO features sypported by the BS
Name Type Length Value Scope

Bit #0: Linear Precoding
MU-MIMO TBD 1 Bit #1: Vector Perturbation REG-REQ
feature Bit#2: THP REG-RSP

Bit #3-7: Reserved

Whilethe TLV indicates the MU-MIM O features supported by the BSis THP precoding, the pilot specified in
subclause x.x.x.y.z shall be adopted.
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