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Descriptive data

Project info

Project title (Swedish)*
Nedlinkstransmission i storskaliga FDD MIMO-system baserat pa riktningsegenskaper i upplanken

Project title (English)*
Downlink Transmission in FDD Massive MIMO Systems based on Uplink Directional Properties

Abstract (English)*

Using nultiple antennas at both the base station (BS) side and the mobile station (MS) side in order to improve systems’
capacity has been in the core interest of intensive research effort among the wireless research community. This effort
resulted in incorporating Multiple-Input Multiple-Output (MIMO) technologies in emerging wireless broadband standards
like long-termevolution advanced (LTE-A). Recently, a lot of research has been devoted to study the performance
improvement that can be achieved when the number of antennas at the BS is scaled up to 100 or even few 100s of antennas
known as massive MIMO systemns [1]. Hence, the extra degrees of freedom gained fromthe massive MIMO units will
improve the system performance.

Due to the availability of lots of frequency-duplexing (FDD) spectrumand the advantage of avoiding synchronization
between cells, and consequently avoiding strong interference, it would be great if today's FDD systems could use massive
MIMO as an add-on without changing much (if anything) in the standard. Therefore, the aim of this project is to develop
transmission algorithms for FDD massive MIMO systems that utilize the directional properties of the wireless channel
without the need of feedback information. The project consists of the following two stages:

First, intensive propagation measurement-based studies will be performed in order to understand the effect of having
massive number of antennas at the BS (i.e., higher angular resolution) on the directional characteristics of the radio
channel experienced by the massive MIMO system. We would like to emphasise the difference between the definitions of
the propagation channel and radio channel. The former describes the distribution of the multipath components due to the
structure of the physical propagation environment, and the later describes how these multipath components are seen by
the communication system. In this work, measurements will be used to understand how the characteristics of the radio
channel change over frequency (i.e., between uplink and downlink bands) when the system’s high directional resolution is
considered.

Second, directional-based transmission algorithms which utilize the directional properties of the propagation channel will
be developed. Specifically speaking, in this work, we aim at introducing transmission techniques for massive MIMO
systems such that:

1) No extra complexity is added at the MS side. This can be done by developing directional-based beamforming
transmission techniques at the BS that don’t require any processing at the MS side and at the same time, they don’t
require any special feedback information. For example, based on the channel properties extracted fromthe uplink, if the BS
decides to communicate with the intended user by transmitting the signal in more than one direction (i.e., beam), then the
BS is supposed to adjust its transmission parameters such that those beams are added constructively at the MS.

2) No tough synchronization requirement is added to the system. This can be done by utilizing the directional similarity of
the FDD uplink and downlink channels in order to get the required channel state information (CSI) instead of operating in
the time-duplexing (TDD) mode.
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Popular scientific description (Swedish)*

Tradlosa kommunikationssystem stér infor 6kade krav pa snabbare hastigheter och 6kad genomstromning pé grund av
utokad anvéndning och kapacitetskrdvande applikationer. Det begrdnsade frekvensspektrum som finns tillgangligt medfor
svarigheter i att uppna de 6nskvirda verforingshastigheter somkrévs. Anvindandet av multipla antenner vid en eller
bada sidor av kommunikationslénken, dven kdnt som multiple-input multiple-output (MIMO), har visat sig vara en av de
mest lovande teknikerna for att bidra med 6kad kapacitet och bittre prestanda. Nyligen har en stor del av forskningen varit
tillignad &t att studera den prestandaforbattring somkan uppnas nér antalet antenner vid basstationen (BS) skalas upp till
flera hundratals, vilket kan kallas storskalig MIMO-system. Genom att ha ett sadant stort antal antennelement &r det inte
bara mgjligt att na de datahastigheter somkrivs, utan skulle &ven kunna gora systemet gronare genomen minskad
utstralad effekt.

Dagens tradlosa systemkan delas upp itva olika kategorier beroende pa omsystemet utnyttjar tidsduplexering (TDD) eller
frekvensduplexering (FDD). Systemsombygger pa FDD anvénder ofta ett frekvensband for att sdnda information
nedstroms frén basstationen till anvéndamna. Ett annat frekvensband anvénds for trafiken uppstroms, frén anvéndama till
basstationen. Fér TDD anvinds ett frekvensband for att sénda signaler inomalternerande tidsintervall, saval uppstroms
somnedstroms. Det hér projektet kommer att fokusera pa FDD av foljande anledningar: For det forsta sa krdver TDD en
strikt tidssynkronisering av nétverket och anvéndarna, och for det andra s har systembaserade pa FDD implementerats i
en mycket storre utstrickning jamfort med TDD i dagens tradlosa system.

Generellt sett ombeso6rjer en basstation flera anviandare samtidigt. Nar basstationen kommunicerar med en specifik
anvéndare sa ser den till att data sédnds och tas emot fran den anvindaren och dels ser den till att dessa utsénda signaler
inte stor ut de signaler somsénds till och fran andra anvindare. For att kunna tillhandahalla en sédan 16sning krdvs det att
basstationen pa forhand har ndgon slags kinnedom omhur de utsénda signalerna kommer att se ut nir de tas emot av den
tilltdinkta anviandaren savil somav de vriga anvindarma. Det somkrdvs dr information omradiokanalens tillstdnd, 4ven
kallat Channel State Information (CSI). De olika foreslagna transmissionsteknikerna for storskalig MIMO-systembygger pa
olika krav och antaganden gillande hur systemet ska kunna tillgodogora sig CSI av tillrdckligt god kvalitet.
Utbredningskanalen avser inomtradlés kommunikation det fysiska mediumi vilket signalen utbreder sig frén séndaren till
mottagaren. Detta inkluderar paverkan fran byggnader, gator och trafik. Nér signalen firdas fran sdndaren till mottagaren
sa fordelas signalen inte likformigt i alla riktningar; istéllet firdas merparten av effekten lings vissa specifika riktningar pa
grund av utbredningsmiljéns egenskaper. Ett typiskt exempel pa detta dr gator, somkan fungera som vagledare, vilket
tvingar en stor del av den utsénda effekten att firdas lings gatukanjoner. Ett annat exempel géller fall da stora byggnader
finns i ndrheten av sdndare och/eller mottagaren, vilket kan medfora att en stor del av den utsinda effekten reflekteras bort
fran byggnaderien viss riktning. [ titbebyggda omraden ar paverkan fran byggnader mer uttalad, sérskilt ombasstationen
sitter placerad pa en h6jd somér ldgre 4n takhdjden.

Mélet med det hir projektet &r att bidra i utvecklingen av adekvata transmissionstekniker for basstationer med ett stort
antal antennelement. I det hir projektet drar vinytta av det faktumatt frekvensbanden i FDD-system for kommunikation
uppstréoms och nedstrom har liknande riktningsegenskaper, och utnyttjar denna information for att tillhandahalla CSI at
basstationen. I det hir fallet kommer basstationen att ta emot signaler uppstroms fran anvéndarna, analysera democh
extrahera vérdefull information omderas riktningsegenskaper. De extraherade riktningsegenskaperna ar direkt relaterade till
karakteristiken hos utbredningsmiljon, sdsombyggnaders egenskaper och hur de &r férdelade. Tekniken som kommer att
utvecklas kan bendmnas somriktningsbaserad beamforming, m.a.o., signalerna kommer att fokuseras i vissa spatiala
riktningar som tilldter kommunikation med den tilltdnka anvéndaren, samtidigt som vissa andra riktningar undviks for att
inte stora ut andra anvindare.

Project period
Number of project years*
4

Calculated project time*
2016-01-01 - 2019-12-31

Deductible time
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Deductible time
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Downlink Transmission in FDD Massive MIMO Systems
based on Uplink Directional Properties

1: PURPOSE AND AIMS

Using multiple antennas at both the base station (BS) side and the mobile station (MS)
side in order to improve systems’ capacity has been in the core interest of intensive research
effort among the wireless research community. This effort resulted in incorporating Multiple-
Input Multiple-Output (MIMO) technologies in emerging wireless broadband standards like
long-term evolution advanced (LTE-A). Recently, a lot of research has been devoted to study
the performance improvement that can be achieved when the number of antennas at the BS is
scaled up to 100 or even few 100s of antennas known as massive MIMO systems [1]. Hence,
the extra degrees of freedom gained from the massive MIMO units will improve the system
performance.

Due to the availability of lots of frequency-duplexing (FDD) spectrum and the
advantage of avoiding synchronization between cells, and consequently avoiding strong
interference, it would be great if today's FDD systems could use massive MIMO as an add-on
without changing much (if anything) in the standard. Therefore, the aim of this project is to
develop transmission algorithms for FDD massive MIMO systems that utilize the directional
properties of the wireless channel without the need of feedback information. The project
consists of the following two stages:

First, intensive propagation measurement-based studies will be performed in order to
understand the effect of having massive number of antennas at the BS (i.e., higher angular
resolution) on the directional characteristics of the radio channel experienced by the massive
MIMO system. We would like to emphasise the difference between the definitions of the
propagation channel and radio channel. The former describes the distribution of the multipath
components due to the structure of the physical propagation environment, and the later
describes how these multipath components are seen by the communication system. In this
work, measurements will be used to understand how the characteristics of the radio channel
change over frequency (i.e., between uplink and downlink bands) when the system’s high
directional resolution is considered.

Second, directional-based transmission algorithms which utilize the directional
properties of the propagation channel will be developed. Specifically speaking, in this work,
we aim at introducing transmission techniques for massive MIMO systems such that:

1) No extra complexity is added at the MS side. This can be done by developing directional-
based beamforming transmission techniques at the BS that don’t require any processing at
the MS side and at the same time, they don’t require any special feedback information. For
example, based on the channel properties extracted from the uplink, if the BS decides to
communicate with the intended user by transmitting the signal in more than one direction
(i.e., beam), then the BS is supposed to adjust its transmission parameters such that those
beams are added constructively at the MS.

2) No tough synchronization requirement is added to the system. This can be done by utilizing
the directional similarity of the FDD uplink and downlink channels in order to get the
required channel state information (CSI) instead of operating in the time-duplexing (TDD)
mode.

Page 1 0of 10
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It is of extreme importance to emphasise the following two points:

1) Even though in this project we propose to use FDD, obtaining the required CSI at the BS-
Tx will not be done in the traditional FDD way. In this project, feedback will not be used
to provide the BS-Tx with the required CSI, so there will be no CSI feedback bits sent
from the MS. However, the BS will be able to obtain the required directional CSI based
only on the directional properties of the multipath clusters extracted from the uplink MS
signals.

2) Throughout this project, we do not make any claim that the suggested directional-based
beamforming transmission techniques using FDD systems will outperform transmission
techniques that depend on perfect CSI knowledge using TDD systems. However, for
several practical reasons, FDD represents a better option. For example: a) FDD does not
impose strict synchronization requirement on the network, b) FDD does not require
reciprocity calibration, and ¢) operators as well as manufacturers prefer the FDD option
due to its immediate compatibility with current band assignment and already built
handsets.

2: SURVEY OF THE FIELD

Scaling up the number of antennas at BS to hundreds and making the ratio between the
number of BS antennas and the number of served MS to be around 10 to 1 provides the
system with very large degrees of freedom. This large number of degrees of freedom gives
massive MIMO systems the potential of obtaining huge improvement to the power and
spectral efficiency of wireless systems [1, 2], as well as designing HW-friendly signal shaping
and estimating the channel using smart receiver algorithms [3, 4].

Measurements have shown that when the number of BS antennas increases
significantly, the system experiences a favourable propagation condition [5]. Initial
measurements proved the possibility of achieving close to the theoretical promised MIMO
capacity in multi-user scenarios using large number of BS antennas [6]. However, this
capacity can be achieved only in the case when both the BS-Tx and the MS-Rx know the
channel perfectly (i.e., full CSI). While getting the full CSI at the MS-Rx can be done
relatively easily using training sequences, obtaining the full CSI at the BS-Tx not only
represents a real challenge, but it is also crucial to achieve the highest possible capacity.
Generally, there are two possible methods to provide the BS-Tx with the full CSI depending
on whether the system is time-duplexing (TDD) or frequency-duplexing (FDD).

In TDD systems, getting the full CSI relies on the notion of reciprocity, where the
uplink channel is used as an estimate of the downlink channel. In practice, system
imperfections such as calibration error in the downlink/uplink RF chains, and hardware
impairment limit the performance of TDD massive MIMO systems. Discussing these
imperfections and the proposed methods to mitigate them is out of the scope of this proposal.
Besides that, in TDD, precise timing and synchronization is required at both the Tx and Rx to
make sure time slots don’t overlap or otherwise interfere with one another. Compared to
TDD, FDD on the other hand provides the flexibility of reducing the synchronization
requirement. In this proposal, we will focus on FDD systems due to their high importance for
both operators and manufacturers and their dominance in current wireless cellular systems.

Page 2 of 10
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In FDD systems, the downlink and uplink use different frequency bands. In this case,
the BS transmits orthogonal pilots (one pilot per BS antenna), and then the MS sends a
feedback reporting the CSI to the BS. This method is not an option when considering large
MIMO systems, because: 1) in the downlink, an unrealistic number of pilots is required,
which scales up with the number of the BS antenna elements, and 2) on the uplink, an
impractically large fraction of available bandwidth is required in order to feedback the CSI
between all BS antennas and each MS. Different approaches are discussed in [7, and the
references therein] to reduce the feedback cost in FDD massive MIMO systems based on
utilizing the second order statistics of the channel.

Despite the high directional resolution that can be gained from using massive number of
antenna elements at the BS, to the best of our knowledge, there is no study that tried to utilize
the directional properties of the wireless channel (specifically speaking, on the multipath
clusters level as explained in the next section) in order to estimate the downlink channel (or a
subset of its parameters) based on the uplink channel in massive MIMO systems, which is the
main focus of our proposal.

3: PROJECT DESCRIPTION

Radio signals propagate from the Tx to the Rx over multiple different propagation
paths, resulting in the reception of multiple multipath components (MPCs). Each MPC can be
characterized by its power, phase, angle of departure (AoD), angle of arrival (AoA) and delay.
Propagation measurement results have shown that the MPCs are not received uniformly in the
spatio-temporal space. Instead, energy is concentrated in clusters associated with reflections,
scattering, and diffraction by interacting objects. Clusters have been defined in the literature
as accumulations of MPCs that have similar spatio-temporal parameters (e.g., AoD, AoA and
delay) and share the same long term evolution, i.e., they stay intact over time [8, 9, 10].

The characteristics of these clusters are directly related to both the signal properties, the
nature of the propagation environment, and the properties of the interacting objects located
between and around both the Tx and the Rx. Significant directional properties of the
propagation channel can be extracted from the received signal regardless of its frequency. Of
course the aforementioned statement is not unconditionally valid; however, in this project we
can argue that it is valid because the difference in the frequencies between the uplink and the
downlink bands (which is typically on the order of 100 MHz) is small enough such that we
can assume that the interaction with the objects in the propagation environment results in
(almost) the same directional properties at the two bands. For example, it is guaranteed to
have the same AoA, AoD, and delay of each MPC at both bands (given that the high-
frequency ray approximation is equally valid in both bands). If resolving the individual MPCs
is not possible (which is the case when considering the resolution of practical systems), the
system deals with clusters instead of individual MPCs. Therefore, due to the constructive or
destructive addition of MPCs within each cluster, the instantaneous power, AoA, AoD, and
delay of each cluster are different at the two bands because each MPCs has different phase in
each band.

Page 3 of 10
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During the last year, we have carried out initial studies to investigate the mismatch in
directional properties between uplink and downlink channels of FDD systems based on
comparing the structure of their multipath clusters. The investigation was carried out using:

e The commercial ray tracing tool ‘Wireless InSite’, where the 3D model of downtown,
Helsinki, was used for simulations. The BS was fixed in an open area in the middle of the
city model, at a height of 20 m from the ground. A set of locations were selected for the Rx
in the form of routes. The operating frequency was around 2.6 GHz with a variable duplex
distance (between 5 MHz and 120 MHz).

e Channel measurements using a uniform cylindrical array with 128 antenna elements were
performed at the campus of Lund University, Sweden. The 128-element cylindrical array
acted as a base station positioned at the top of a 5-floor building, and a few single-antenna
users were distributed around the base station.

A ‘Spectral Similarity Metric’ (Dssm ) was used to compare uplink and the downlink channels

based on the structure of their multipath clusters. This metric is given by [11]:

c c C
DSSM = {Z Sc,UL - Sc,DL‘}/{Z SC,UL + ZSC,DL}
c=1l c=1 c=1

where, C denotes the total number of considered clusters, Scu. the power of the ¢ cluster of
the uplink, and S¢p. the power of the ¢ cluster of the downlink. The range of this metric is
from 0 to 1. For clusters carrying similar power level in uplink and downlink, Dssu will be 0,
whereas in the case of full mismatch, Dssy will be 1.
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Fig. 1. Plot of CDF of spectral similarity Fig. 2. Plot of CDF of spectral similarity
metric for ray-tracing simu-lated data for all metric from measurement data.

receiver locations, and all duplex distances.

Fig. 1. and Fig. 2 depict the cumulative distribution function (CDF) of the spectral
similarity metric for ray-tracing simulated data, and measurement data, respectively. We can
deduce from these figures that: 1) for 50% of the receiver locations, the structure of the
multipath clusters in the uplink and downlink show very high similarity (Dssw < 0.20), and 2)
the effect of the considered duplex distances, which was between 5 MHz and 120 MHz, is
insignificant on the similarity of the uplink and downlink multipath clusters. Furthermore, the
sum-rate capacity of multi-user systems (with different user intensities) using directional
information estimated from the uplink was compared with the sum-rate capacity calculated by
using the actual downlink channel parameters and the difference was found not be more than
14% in all considered cases [12].
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One of the proposed approaches is to utilize the high directional resolution, gained from
having arrays with massive number of elements, in order to reduce the effect of the
constructive and destructive addition of the MPCs within each perceived cluster to the point
that the main parameters (power and phase) of at least some clusters at the downlink band can
be estimated with reasonable error from the uplink band. This approach stands on two facts:

1. A cluster from the wireless channel point-of-view (e.g., reflections from an interacting
object such as a wall) may be perceived as more than one cluster by the massive MIMO
system due to the high angular resolution of the massive array and/or its large physical
size. Therefore, the system will perceive the signal reflected from one interacting object as
several clusters each of which includes the MPCs that interact with only a specific section
of the interacting object. (e.g., each section of the wall is associated with a cluster).

2. The narrower the beam, the smaller the number of the MPCs within each cluster, and
therefore, the smaller the runtime difference among these MPCs; consequently, the higher
the K-factor of the clusters. If the K-factor is reasonably high, the parameters of the signal
of each cluster will be less random:

a) The envelope will have a Gaussian PDF with a mean which is proportional to the
strength of the cluster and a standard deviation proportional to the strength of the
diffused components [13, page 126]:

(r-Vspec)?
1 _Y"Vspec)

— P —
(T') = ——— ¢ P‘non-spec
fR \Pnon—spec ,
Specular power _ (Vspec)?

Nonspecular power Pmm_spec’

where, r is the envelope of the signal, . See Fig. 3.

b) The phase, depending on the value of the K-factor, will have a Gaussian-like PDF with
a spread that is inversely proportional to the value of the K-factor [14, page86]:

1+ nKeKCOS(‘P)Zcos((p)(1+erf[\/?cos((p)])
fo(p) = 2mek
where, ¢ is the phase of the signal, and erf(x) is the error function. See Fig. 4.

Based on the details of the interacting object associated with each cluster, only clusters
with sufficiently high K-factor will be utilized.
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Fig. 3. PDF of the envelop (r) of a non-zero mean Fig. 4. PDF of the phase (¢) of a non-zero mean
Gaussian distribution, with K = 1,3,10,and 20. Gaussian distribution, with K = 1, 3,10, and 20.
mean(r) = 1.
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In order to have initial investigation toward verifying the above mentioned approach,
indoor measurements using a Vector Network Analyser (VNA) were performed. The setup of
the measurements was as follows:

e Bandwidth = 200 MHz, at the 5.2 GHz band, where 1601 frequency bins were measured
(i.e, Af = 125 KHz).

e One Tx element was used, and at the Rx a virtual uniform linear array (ULA) with 31
elements was used (inter-element spacing is 1/2).

e NLOS conditions; the signal reached the Rx after being reflected on a wall that have some
windows.

e An additional smooth metal board (about 2 x 0.8 m) was placed in the environment to act
as a good reflecting interacting object.
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Fig. 5. Variation of the amplitude (r) of the signal of
four clusters throughout a band of 200 MHz. Each
cluster is depicted with the same color in all
subfigures. (a) and (c): using ULA with 5 elements.
(b) and (d): using ULA with 31 elements. (a) and (b):
change of the envelop. (¢) and (d): Empirical
Cumulative Distribution Function of the change of the
envelop, where Ar = |r — mean(r)|, r is normalized
such that max(r) = 1.

Fig. 6. Variation of the phase of the signal of four
clusters throughout a band of 200 MHz. Each cluster
is depicted with the same color in all subfigures. (a),
(c), and (e): using ULA with 5 elements. (b), (d), and
(f): using ULA with 31 elements. (a) and (b): change
of the phase. (c) and (d): phase estimation error
assuming a duplex distance of 100 MHz. (e) and (f):
ECDF of the phase estimation error assuming a duplex
distance of 100 MHz.

The analysis of the data was performed as follows: 1) The signals received from four
specific directions have been identified as four clusters, and 2) conventional beamforming
was performed at the Rx in these four directions, first by using a subset of the Rx elements
(ULA with 5 elements), and second by using all the available Rx elements (ULA with 31
elements). These conventional beamformers were performed in all 1601 frequency bins
(taking into consideration the frequency-dependent characteristics of the steering vectors),
which covers the 200 MHz measured bandwidth. Then the amplitudes and the phases
resulting from these four beamformers have been extracted to study there variations over the

200 MHz bandwidth (Fig.5 - 6).

e Variations of the amplitude of the measured clusters (i.e., beams). From Fig. 5., it can
been seen that: 1) the higher the directional resolution, the more stable the amplitude of
the four clusters, compare Fig. 5(a), and (b), 2) when the directional resolution of the

Page 6 of 10
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beams is high (using the ULA with 31 elements), in almost 90% of the cases the relative
variation of the strongest three clusters (black, blue and red) is less than 10%.

e Variations of the phase of the measured clusters (i.e., beams). Fig. 6. (a) and (b), shows
how the phases of the signals of the four clusters change as a function of frequency within
the 200 MHz measured band. Fig. 6(b) shows that using a ULA with 31 elements the
result is clusters that have signals that exhibit almost linear phase throughout the whole
200 MHz band. Then a very simple phase compensation algorithm was applied to check
the possibility of estimating the phases of these clusters in the downlink band based on
their phases in the uplink band as follows. The first 10 MHz of the measurement data was
utilized to estimate the slope of these lines (i.e.,
change in phase / change in frequency), then, based on the estimated slope, the
phase of each cluster was estimated at the downlink based on its phase at the uplink
assuming a duplex distance of 100 MHz. Fig. 6(f) shows that, when ULA with 31
elements is used, the phases of the strongest cluster (black) can be estimated with error not
more than 0.22 rad. (13 degrees), and the phase of the second strongest cluster (blue) can
be estimated with error not more than /4 rad. (45 degrees) in 70% of the cases.
However, for the other two clusters, the result is much worse than that.

Based on the discussion and results presented earlier, the framework of this proposal targets
the following points:

Task 1 (Year 1-2): Investigating the uplink-downlink directional mismatch
Ray-tracing software and propagation measurements will be used to investigate the expected
improvement in the performance of non-cooperative multicellular systems when the
directional information is used as the basis of multiplexing the different users.

Main focus: Performing detailed analysis that targets answering the following questions:

1- What is the effect of the distribution of the buildings and their properties (e.g., height,
size) on the expected improvement? In other words, does each pattern of buildings
generate rich multipath clusters that make space-division multiplexing a winning
transmission strategy?

2- How can we optimize the height and location of the BSs?

3- What is the optimal antenna geometry that can be used? What is more suitable: using
antenna arrays with large aperture (e.g., uniform linear array), or using antenna arrays
with small aperture and better (or different) directional properties (e.g., uniform
cylindrical array, or 2D array geometry)?

4- How can we minimizing the error between the directional CSI (i.e, the direction, power,
and phase of each cluster of interest), which is extracted from the uplink, and the actual
ones in the downlink? In other words, how can we compensate for the
frequency/wavelength difference between the uplink and the downlink channels on the
multipath clusters level?

Given the known limitations of ray-tracing software in capturing all the details of the wireless

channel, ray-tracing software will be used to address only points 1, 2, and 3 which are related

to the distribution of the clusters in the directional domain. On the other hand, point 4, which
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deals with the spatio-tempral behaviour of the individual clusters, will be addressed
exclusively based on propagation measurements.

Task 2 (Year 3-4): Developing transmission techniques based on the uplink directional
properties

At the beginning, a conventional beamformer, where the weights of the antenna
elements are not adaptively updated, will be considered. At this step, we will assume a quasi-
static channel and the goal will be to utilize the directional information which is collected
from the uplink in order to improve the system’s performance by steering the beam toward the
intended users and nulling the directions of detected interference. Different approaches will be
used in order to appropriately synthesize the beam-pattern using different cost functions.

The ultimate developed transmission techniques will be able to form environment-
aware multiple-beams in the direction of the intended users (such that, with correctly
estimating the phase of each beam, they will be added constructively at the intended users
positions) as well as forming nulls in the direction of interferers. The developed algorithms
should also be adaptive to both: the dynamics of the users and the dynamics of the
environment. The developed algorithms will be able to adapt the transmission scheme
frequently and utilize the directional information of each user to predict its future location
(direction).

Main focus: Developing transmission techniques with the following two criterions:

1- Optimizing the usage of physically large arrays. Given that the statistics of the received
signal varies at the different positions within the antenna array when antenna arrays with
large aperture are considered, and given the available large degree of freedom in such
arrays, how can we optimize the directional beamforming transmission techniques? For
example, should the transmission techniques deal with the array as a single array with
very large number of antennas, or should it be divided into independent small sub-arrays?

2- Taking advantage of history of the channel. For example, utilizing the relatively slow
update of the directional information in order to predict the present/future state i.e., future
direction and location of each user.

4: EQUIPMENT / MEASUREMENTS

The department of electrical and information technology has the most advanced
experimental equipment for MIMO channel measurements, putting it into a unigque position to
successfully conduct the research program of this project. The cornerstone of the laboratory
equipment is the RUSK LUND channel sounder. It is a fast switched broadband MIMO
channel sounder covering frequencies 5.1-5.8 GHz, 2.2-2.7 GHz and 235-387 MHz (and in
the coming year it will be upgraded to work at the 15 GHz band). The sounder can perform
dynamic measurements and manage up to 32x128 channels in various antenna configurations
with a maximum bandwidth of 240 MHz. It can also be used to perform measurement with up
to 9 single-element MSs, connected by means of radio-over-fiber. At the department we also
have a virtual array setup based on a vector network analyzer and antenna positioners that is
useful for detailed and specific studies in static environments.

The Department of Electrical and Information Technology offers a fully equipped
research radio laboratory with all facilities necessary to design advanced equipment including
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integrated analog, digital and high frequency circuits. Any necessary calibrations of the
measurement equipment and the sounder and measurement antennas can be done in the
anechoic chamber of the group, which allows measurements in the frequency ranges of
interest for this proposal.

5: SIGNIFICANCE

The main contribution of this research is to look at alternative techniques to solve
channel related issues for FDD massive MIMO systems without the need for the full CSI. The
goal is to make the BSs being able to get the required CSI based on the similarity of the
directional properties of both the uplink and the downlink bands by taking advantage of the
massive number of the antenna elements at the BS. The results of this project represents an
effort to shift the focus away from studying the effect of the large number of antenna elements
on the statistics of the entries of the channel matrix, and focus instead on studying the uplink
and the downlink channels on the level of multipath clusters and their directional properties.
This project represents a significant and essential research work to investigate key issues
related to massive MIMO and its utilization in 5G.

6: INDEPENDENT LINE OF RESEARCH

Currently, | work as a postdoc researcher in the following two projects: 1) Distributed
antenna systems for efficient wireless systems (DISTRANT)
[wwwe.eit.Ith.se/index.php?puid=157&L=1], and 2) Massive MIMO for Efficient
Transmission (MAMMOET) [www.http://mammoet-project.eu]. The goal of these projects is
to explore the potential benefits of using two diverse base station multi-antenna arrangements
that are considered to be candidates for 5G. In both projects, my research duties are related to
the measurements, characterization and modelling of the wireless channels. If this proposal is
accepted, it will give me the time and financial resources to investigate different ideas
regarding FDD massive MIMO systems.

7: FORM OF EMPLOYMENT

My current contract with Lund University will end in Aug. 2016. My work load is
divided to: research (about 90%), and teaching (about 10%), where | teach a graduate course
titled “Channel modelling for wireless communications™. | also co-supervise Ph.D. students
(two students), and supervise master students (four students). After the end of my contract, |
expect to be involved in other projects in the department. If this proposal is accepted, it will
help me to secure fulltime employment as a researcher.
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