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LOCATION BASED BEAMFORMING

When channel state information is available at the transmitter, it can be exploited to in-
crease the throughput, or to enhance the performance of a multiple input multiple output (MIMO)
system. Beamforming schemes, such as closed loop MIMO and transmit beamforming constitute
efficient means to achieve the aforementioned objectives. A significant shortcoming of transmit
beamforming schemes is the signaling overhead required to provide the transmitter with the
downlink channel knowledge. Another drawback of transmit beamforming schemes is their sensi-
tivity to channel state information accuracy. In this paper we suggest an alternative beamforming
method that uses the receiver positioning data, for example GPS positioning data, to create the
transmit beamforming vector. This approach is attractive as in many modern communications
systems location based services provide the transmitter (for example a cellular base station) with
continuous information respective to the physical position of the receiver (the celluar phone in
this case). The location based beamforming method constructs preceding vectors that are opti-
mized for line of sight scenarios. Our simulations show that line of sight precoders are superior to
regular codebooks based precoders, such as the IEEE802.16¢ codebook, in line of sight scenarios.
Surprisingly the proposed precoders exhibit acceptable (and even superior) performance in some
non line of sight scenarios.
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Introduction

Transmit beamforming [8] plays an important role in modern multiple input
multiple output (MIMO) communications systems. In transmit beamforming, the
transmitter uses channel state information (CSI) to create directional (and other)
transmission beams using multiple transmit antennas. The beams are usually con-
structed to maximize the quality of the communications link. In orthogonal frequency
division multiplexing (OFDM) MIMO systems [7; 11], which turns the frequency se-
lective channel into multiple flat fading channels, the beams are constructed using a
precoding procedure [8]. By precoding we mean multiplying a data symbol (e.g., a
complex valued scalar QAM symbol) with an M x 1 vector, where M > 1 is the num-
ber of transmit antennas.

A key issue in transmit beamforming is the means to provide the transmitter
with sufficiently accurate CSI. One solution is based on reciprocity [8] and is mostly
applicable for time division duplex (TDD) systems. For example, in cellular networks
where transmit beamforming is employed on the downlink (DL), the base station (BS)
may estimate the downlink (DL) channel using signals transmitted by the mobile sta-
tion (MS) on the uplink (UL). Such an approach is adopted in the TDD version of the
IEEE802.16e (WiMAX) [3]. This standard includes a special sounding signal trans-
mitted by the MS to allow the BS to estimate the channel and facilitate the construc-
tion of precoding vectors.



In frequency division duplex (FDD), where reciprocity is compromised, the MS
usually chooses the preferred precoding vector out of a predefined codebook, and feed-
backs its index to the BS. For example, using a codebook of 64 possible vectors, the MS
feedbacks 6 bits. This approach, which is known as closed loop (CL) MIMO is adopted
by the LTE standard [9] which is FDD centric. Since the precoding vector is chosen by
the MS based on the DL channel estimate, this approach eliminated the need for trans-
mitter calibration, which is required in reciprocity based methods [9].

To set ideas straight we consider a MIMO system with M transmit antennas and
a single receive antenna. The model for the received signal is

y=h'z+pn, (M
where (¢)* denotes conjugate transposition, h” is the 1xM channel vector, x is
the M'x 1 transmitted vector and p7n is a complex normal noise with zero mean and
variance equal to p2. In transmit beamforming, the transmitted vector x is

T = ws, (2)
where (¢)* s is a complex valued (scalar) QAM symbol and w is an M 1 channel

precoding vector with ||w]|? =1 to ensure unity transmission power. Using (2), the
received signal (1) is written as

y = h"ws + pn, )
which means that the instantaneous signal to noise (SNR) ratio at the receiver is
h*w|?
SNR = o)
p
The optimal precoding vector (in the sense of maximal SNR and maximal capacity) is
L " 6))
W= —-:,
[R]

and the optimal SNR is ||h||?/p? (similarly to that in maximal ratio combining
(MRC) in receive diversity). For example in uncorrelated Rayleigh channel, optimal
transmit beamforming gives array gain (AG) of M and diversity order of M [8].
In case the precoding vector is chosen out of a predefined codebook, the maxi-
mal SNR solution is
W, = argmax |h*w|?, (6)
wecodebook

so it is obtained through correlating the channel with each of the vectors in the code-
book. Codebooks are usually constructed following some optimality criterion which
may depend of the characteristics of the channel [5].

LOS Specific Codebooks

Considering a linear array [6] with M transmission antennas, half wavelength
spacing, and K paths with zero delay, the channel under the far field assumption is



h* = iak [e(_j”'o'cosa’“), ... ,e(_j”(M_l)COSGk)] , (7
k=1

where aj, is the complex valued coefficient of the k-th path and ), is the angle of

the k-th path with respect to the array axis.
In line of sight (LOS), when the channel is composed of a single path (K=1),
the channel takes the form

h* = ai |:€(—j7r.0.cos 91), L 76(—j7T(M—1) cos 91)} : (8)

and all channel gains |hm| = |a1| are equal. The channels A, differ only in phase,
depending on the @);. The LOS scenario is illustrated in Fig. 1. The situation is diffe-

rent in the case of non LOS (NLOS), where both channel gains |hm| and channels
phases generally differ.
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Fig. 1. An illustration of the LOS channel in the UL

This fundamental difference between LOS and NLOS leads to the under-
standing that in LOS we may employ a specific tailored codebook for LOS. All N vec-
tors U1,...,UN ina LOS codebook

o (m)] = \/LM W1 <m< M, ©)



and the elements differ only in phase. For example, a LOS codebook for a linear array
will include vectors of the form

1 . . *
(—jm-0-cos avy,) (—jm(M—1)cos ay,)
€ sy € , 10
v M (10

where vy, is parameter.

If follows that in LOS and near LOS, the LOS codebook may lead to superior
performance compared to a general NLOS codebook with identical number of vectors,
N. This is since the NLOS codebook should accommodate the channel gain variations
and general phase variations characterizing the NLOS scenario, which lead to less
«dense» sampling of the vector subspace.

Uy =

Location Based Beamforming

Focusing on the specific structure of vectors in the LOS codebook for linear ar-
rays (10), we understand that similarly to traditional phased array systems [2; 6],
knowledge of the angle of arrival (AOA) respective to the UL of a certain MS may
allow efficient estimation of the precoding vector required for DL transmission.

The UL AOA may be estimated using MUSIC like algorithms [10], which is
based on spatial covariance estimation followed computation of the noise eigen-
vectors. In MUSIC the AOA is obtained by a search for the steering vector in the form
of (10) with minimal projection on the noise eigenvectors.

Alternatively the AOA may be estimated using knowledge pertaining to the ab-
solute physical location of the MS. Provided that the BS location is known, the MS
absolute location is translated to the relative location w.r.t the BS. The absolute loca-
tion is estimated via a triangularization procedure using ranging measurements at sev-
eral BSs or via GPS readings. We note that location based beamforming requires addi-
tional calibration to account for the geometry of the array (e. g., in linear array the an-
gle between the array axis and the magnetic north) instead of transmission-reception
calibration required in reciprocity based and AOA estimation methods.

With the advent of location based services (LBS) [4], such as navigation appli-
cation, location based advertisement and location enhanced web search, in many cases
the BS is already equipped with the MS positioning. This positioning information may
be used to construct the DL precoding vector without additional overhead (e.g., the
sounding signal in reciprocity based methods and the codebook index in codebook
based methods).

Focusing on GPS based positioning, and taking into account the limited GPS
positioning accuracy (up to 20m in most cases) it is obvious that the beamforming
(angular) precision is also limited. The beamforming angular accuracy grows with the
separation between the BS and the MS as depicted in Fig. 2. The maximal angular er-
ror amax is

o = arctan @
max R (11)



where R is the separation between the BS and the MS, measured in meters. A natural
approach to this problem would be to limit location based beamforming to cases
where maximal angular error, o does not exceed a predefined threshold. Finally,

max
location based beamforming may be employed when a near LOS scenario is detected
and the MS is far enough from the BS. The exact threshold depends on GPS accuracy
and BS beam width (which is also a function of the number of transmit antennas).
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Fig. 2. The maximal angular inaccuracy of the gps positioning based beamformer.

Simulation Results

In order to evaluate the performance of the LOS codebook based beamforming
method, we conducted a Monte Carlo simulation study. We adopted the Ped-B [1]
model statistics (i.e., number of paths, paths' average power and paths' delay) and con-
structed the simplified geometric model (7), assuming the AOAs are uniformly dis-

tributed on [0, 77]. We considered a MIMO scheme with 4 transmission antennas and

a single reception antenna.

For the NLOS case we used the IEEE802.16¢ codebooks [3] with 8 and 64 vec-
tors (corresponding to 3 and 6 feedback bits respectively). For the LOS case, we con-
structed simple codebooks with 8 and 64 vectors of the form (10) where <, was cho-

sén as
v

Qpn = N(n - 1)7 (12)
where N is the number of vectors in the codebook. We employed uncoded QPSK
modulation and ran 1,000,000 channel realizations per SNR point.

We introduced a non zero Rician K factor (see [8], Page 79) to the first path
to simulate the LOS component. The error curves for Rician factor K=10dB
which correspond to near LOS and 3 bit codebooks are given in Fig. 3. The LOS
codebook outperforms the IEEE codebook by approx. 2dB at a target symbol error
rate (SER) of 107°. The optimal precoder (5) is superior to both codebook based
precoders as expected. The error curves for the case of K = 10dB and 6 bit code-
books are given in Fig. 4. Here the performance of the LOS codebook almost coin-
cides with that of the optimal precoder. Both outperform the IEEE codebook by
approx. 1.7dB.
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Fig. 3. Error curves corresponding to K= 10dB using 3 bit codebooks
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Fig. 4. Error curves corresponding to K= 10dB using 6 bit codebooks

Turning to the NLOS scenario captured by K = 0 (zero mean paths), the error
curves for 3 bit codebooks are given in Fig. 5. Note that the LOS codebook slightly
outperforms the IEEE codebook even though it is a NLOS scenario. The error curves
for the case of K =0 and 6 bit codebooks are given in Fig. 6. Here the IEEE codebook
slightly outperforms the LOS codebook as expected.
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Fig. 6. Error curves corresponding to K= 0 using 6 bit codebooks

Discussion and Conclusions

In this paper we proposed precoding techniques which are tailored for the near
LOS scenario. In near LOS the spatial channels experience similar gain and differ
mainly by phase. We exploited this property to construct simple codebooks for this



scenario. We further suggested precoding techniques based on the location of the re-
ceiver, for example using GPS positioning. We examined the performance of the pro-
posed techniques using Monte Carlo simulation and compared them to those of
the IEEE802.16e codebooks.

The simulation results show that as expected that LOS codebooks outperform
the IEEE codebook in LOS and near LOS scenarios. A gap of approx. 2dB was ob-
served. In NLOS scenarios the results are more interesting. In the 6 bit case the IEEE
codebook outperforms LOS codebook. However, the gap is negligible. Perhaps the
most surprising result is obtained in the 3 bit case where the LOS codebook outper-
forms the IEEE codebook.

A natural extension of the proposed LOS codebook approach is the inclusion
of such codebooks in practical standards (such as LTE and WiMAX) to allow their
application in near LOS scenarios. This will require a LOS detection mechanism and
an additional single feedback bit to indicate the codebook chosen out of the possible
two (regular, LOS). In some cases (e. g, in 3 bit codebooks) it may advisable
to replace the current codebook with the proposed LOS codebook.

The fact that LOS based precoders exhibit superior performance in LOS and
near LOS scenarios, and acceptable (and even superior) performance in some NLOS
scenarios hints to an alternative approach to reciprocity and feedback methods. This
approach is location based beamforming, in which pre-coding vectors are constructed
based on MS positioning data. With the advent of LBS, location based beamforming
may eliminate the need for precoding specific signaling or feedback in many practical
scenarios.
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P. Mbii6eprep, . I3pu, M. Jpanxcon
MHNPOCTPAHCTBEHHO-BPEMEHHOE ®OPMUPOBAHUE JIYUA

Korna Ha aHTEeHHYIO CUCTEMY MOCTYNaeT WHPOPMALIUs O COCTOSIHUM KaHalla, €€ MOX-
HO HCIIOJI30BATh JUIsl yBEIHUEHHSI IIPOITYCKHON CIIOCOOHOCTH WJIW ISl TTOBBIIICHUS U3JTy4a-
emoii MmomHocTH MIMO-cucremsl. Mcrionb3oBaHWe aHTEHHBIX CHCTEeM, Takux kak MIMO-
CUCTEMBI 3aMKHYTOI'O KOHTYpa M HamlpaBJIeHHbIC aHTEHHBI, MOBBIAET dPPEKTUBHOCTh 10-
CTIDKEHHS YHNOMSIHYTBIX BBINIE 33/1a4. 3HAYUTEIbHBIM HEJIOCTATKOM HAIlPaBIEHHBIX aHTEHH
MOYXHO CUHUTATh TO, YTO JUISI MOTYUESHHSI HUCXOMASIIEr0 CUTHANA, UCTOUHUK JOJDKEH pacroia-
ratbes cBepxy. Elie oqHIM HETOCTaTKOM MOXKHO CUMTATh YyBCTBUTEIBHOCTh K U3MEHEHUSIM
cocrosiHUsl KaHana. [laHHas cTaThsl NpeJiaraeT albTepPHATHBHBIN crocold (opMupoBaHwus
Jy4ya, UCIOIB3YIOIINM JaHHBIE O MECTOIOJI0KEHUHN IPUHUMAIOIIET0 YCTPOicTBa, Hapumep,
GPS nanHble, U1 CO3aHUS HANpaBisAIoMIero BekTopa. [IpuBnekaTenbHOCTh JAHHOTO MOJA-
Xxoia OOBSICHSIETCS TeM, YTO BO MHOTMX COBPEMEHHBIX KOMMYHUKAIMOHHBIX YCTPOHCTBAax
MPUCYTCTBYET 0a30Basi CTAHIMSI COTOBOW CBSI3M, YYHMTHIBAIONIAsi MECTOIOJIOXEHNE TPUHH-
MaIOIIEro YCTPOHCTBa (B JAHHOM cllydae coToBoro tenedona). HanpasnenHast aHTeHHa, HC-
MOJIb3YIONasl TaHHBIE O MECTOINOJIOKEHUHM MPUHHUMAIOLIEr0 YCTPONCTBA, BBHICTPAUBAET BEK-
TOpBI, ONITUMU3UPOBAHHBIE IS TEX CIy4yaeB, KOrjga MpUHUMAIOIIee YCTPONHCTBO HAXOIUTCS
B 30HE€ MpsAMOM BUAMMOCTH. Hamiy OmbITHI MOKa3ajiH, 4TO B YCIOBMAX NMPAMOM BUIUMOCTH
MIpeIBapUTEIbHOE KOJUPOBAHHE C YIETOM 30HBI BUAMMOCTH JaeT Jydllie pe3ynbTaThl, YeM
IIPH UCIIONb30BAaHUN MAaTPHUILl IpeABapUTEIbHOr0 KoaupoBanus, Takux kak IEEE802.16e.

gopmuposanue 1yua, mampuya npedeapumenrbHo20 KOOUPOBAHUsL, 30HA BUOUMOCTIU.



