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investigated within METIS and analyses the interactions within and outside Work Package 3.
Furthermore, it identifies the most promising technologies based on the current state of
obtained results. This document provides a brief overview of the results in its first part. The
second part, namely the Appendix, further details the results, describes the simulation
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maturing resulting in valuable innovative solutions for future 5G systems.
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Executive summary

This document focuses on presenting the current results of the technologies investigated in
Work Package 3 (WP3) and on providing guidance on the multi-node/multi-antenna
transmission technologies for the METIS project. Additionally, it identifies the most promising
approaches investigated in WP3 based on the current simulation results.

The structure of tasks, research clusters, and technology components follow D3.1 [METIS31],
where WP3 is divided in three tasks: Multi-antenna/Massive-MIMO (T3.1), Advanced inter-
node coordination (T3.2) and Multi-hop communications/wireless network coding (T3.3).
Furthermore, each task is composed of research clusters.

This document is divided in two main parts. The first one is the main body, where the current
results of each technology component are presented in a concise manner by visualization
tables. Additionally, the first part of the document also identifies the most promising
approaches of WP3 based on the current results and summarizes the interactions of WP3 with
other Work Packages.

The second part of the document, the appendix, is of high importance for this document. The
appendix shows the simulation alignment conducted in the tasks as wells as the impact on the
test cases of METIS. Additionally, it also details further the results of the technology
components summarized in the main body of this document.

The most recent results in this document will show that WP3 is very well positioned, showing a
good mix of medium and long term impact, and is providing valuable inputs for the
development of 5G systems.

Task 3.1 has identified that Massive MIMO as in-band backhaul is a significant enabler of ultra
dense networks and an essential feature for the goal of capacity increase in 5G systems.
Another high potential approach that was identified was Massive MIMO for access.

Task 3.2 has identified two main approaches as very promising ones for 5G systems: firstly,
the use of UEs with advanced capabilities alleviates the coordination complexity at the
network side and reduces the feedback requirements. Secondly, the combination of Massive
MIMO and CoMP solves issues of traditional interference coordination schemes, such as rank
deficiency and limited indoor coverage.

Task 3.3 has identified in-band backhaul and access for its most promising technologies.
There, technology components consider heterogeneous networks at lower frequencies
(<10GHz) and also mesh networks at mm-waves for indoor scenarios.
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1 Introduction
This deliverable has two main goals:

1) First, to describe the first performance evaluation of the Technology Components
(TeCs) in Work Package 3 (WP3);

2) Secondly, to provide guidance on the identification of most promising multi-node/multi-
antenna transmission technologies for the METIS project.

In order to fulfill Goal 1, an update of the TeCs under investigation in WP3 is presented. The
results are summarized with the use of visualization tables, so that one can easily have an
overview of them. The TeCs are grouped as in D3.1, where each of the tasks is divided in
Research Clusters (RCs) grouping TeCs with similar focus. Further explanation about the
structure and division of RCs and TeCs can be found in D3.1. The tables consist of an initial
explanation of the main idea with a basic illustration of the concept. The summary of the
resultsist hen c¢ ont aiKeyPerfoimanceflrdieatos (KRIS) considered and expected
g ai n 0 tionallydimfdrmation about the simulation approach is also depicted in the table.
More detailed explanation of the current results can be found in Appendix C.

Notice that the results presented here are partially based on the simulation alignment effort
that was conducted in each task, in order to identify a common baseline with specific
simulation parameters and scenarios. The scenarios and parameters of this simulation
alignment are described in Appendix B of this document. This alignment effort has been done
in order to create the right conditions for a uniform assessment of WP3 technologies and to
better infer the impact of them in a close to realistic scenario. Additionally, this supports the
identification of the most promising solutions based on the current results. Another aspect
here is the TeC complementary analysis, where the interactions and relations among TeCs
inside a research cluster are depicted. This facilitates the cooperation among partners working
on complementary TeCs as well as the conception of the system analysis performed in WP6.

This simulation alignment is connected to Goal 2 of this deliverable. Here, the impact of the
TeCs on the Test Cases (TCs) of METIS as well as the interactions with other WPs is
described. Finally, each task of WP3 highlights the most promising approaches based on the
current results. Those most promising approaches are identified based on the current
simulation results. An update of them will be provided later in D3.3, where the final results will
be available. Therefore, it is to expect that technologies that are not yet highlighted here will
be identified in the near future as a consequence of the further investigations.

This document is organized as follows: Sections 2, 3 and 4 describe the results of Tasks 3.1,
3.2 and 3.3, respectively. Each of those sections is further divided by RCs. Each RC
subsection contains the tables with the overview of the results and the TeC complementary
analysis. Finally, each section regarding a specific task describes the most promising
technologies and their requirements and interactions with other WPs.

Finally, the general conclusions and further work are elaborated upon. Additionally, this
deliverable comes with three appendices, where Appendix A describes the impact of each
TeC on the TCs, Appendix B introduces the simulation alignment for each RC and Appendix C
contains more comprehensively detailed results of each TeC.
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2 Task 3.1: Multi-antenna/Massive-MIMO

2.1 General overview

Task 3.1 considers further development of multi-antenna/massive Multiple-Input Multiple-
Output (MIMO) techniques as initially discussed in D3.1 [METIS31]. Work carried out up to
now by different partners indicates specific directions where some results have been obtained
and published. In this task the research is conducted in two RCs. In RC1, the thrust is to look
at more realistic scenarios where impairments such as channel errors/hardware imperfections,
mobility, high frequencies up to mm wave region, and large aperture systems where near field
modelling is of importance, are given due consideration. Attention is also focused on pilot and
data power allocation as this has implications to pilot contamination. At the same time as the
massive MIMO concept is still relatively new, more fundamental work is carried out in RC2 to
obtain a clearer picture in terms of multi-cellular structures, heterogeneous networks and to
investigate transceiver processing performance limits, taking also into account more detailed
channel models and access schemes. The most common assumption in both the clusters is
Time-Division Duplexing (TDD). A complementarity analysis is carried out for TeCs in each
RC which shows similarities and differences.

As more results are now available it would also be useful to see how these different methods
contribute, at a system level, to some test cases as identified by D1.1 [METIS11]. An
important consideration therefore is to be able to integrate and compare approaches and
results from different partners into a common simulation model for each RC. One major
objective of this deliverable is to identify the simulation environment-parameters so that further
results can be obtained with respect to these from each of the partners, and also to identify
key technologies which could be utilized to realize test cases as needed to meet overall
objectives in the project. Thus various TeCs considered in this task are assessed with respect
to the METI S TC 2 fAiDense urban information

2.2 Research cluster 1: Effect of real world impairments and related enablers

2.2.1 Introduction

In this RC, the objective is to look at more realistic scenarios with impairments. TDD is
considered as the duplexing scheme. The studies concentrate on factors such as channel
errors/hardware imperfections, mobility, high frequencies up to mm-wave region, and large
aperture systems where near field modelling is of importance. The particular topics under
consideration in this RC are:

1 Reduced complexity processing for mm-wave large MIMO.

1 Model based channel prediction through an accurate building vector data map.

1 Beamforming for high-mobility scenarios.

1 Quasi-mm-wave schemes with hardware impairments.

soci e

Allthe TeCs are compared with respect to the METI S TC

from [METIS11]. The main requirements of this TC are a traffic volume density of about 700
Gbps/km? and a user/device density up to 200 000 per km2 combined with availability and
reliability of 95% in space and frequency. These challenges are addressed by the benefits
achieved with the provided TeC 1to 7.

A more detailed overview of the TeCs related to RCL1 is given in the next section. Table 2.1
provides a summary of the main TeC ideas.
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Table 2.1: T3.1 RC1 Technology Components
TeC# | Short Title Short description
TeC 1 | Large aperture massive | Development of low-complexity and energy-efficient
MIMO multi-antenna transceiver techniques for Large Aperture
Massive Array Systems

TeC 1b | DFT-SM-MRT Discrete Fourier Transform (DFT) based spatial

multiplexing (SM) and maximum ratio transmission
(MRT) for mm-wave large MIMO

TeC 2 | Coordinated pilot and Coordination of resources used for pilot and data
data Resource Allocation | transmission in a multi-cell massive Single Input
(RA) in multicell massive | Multiple Output (SIMO) system. Goal of the coordination

SIMO System is to mitigate pilot contamination and reduce inter-cell
interference.
TeC 4 | EVD-based blind Analyse the performance of eigenvalue decomposition
channel covariance (EVD) based blind channel covariance estimation
estimation methods and compare them with ideal multi-path

extraction, also to investigate the feasibility of massive
MIMO systems with non-reciprocal duplex channels.

TeC5 | Model Based Channel Exploit detailed knowledge of the eNB environment in
Prediction (MBCP) form of an accurate building vector data map (BVDM)
for channel prediction. UEs feedback their relative
location on the BVDM and the eNB reconstructs the
wideband radio channel based on this information

TeC 6 | Predictor antenna array | Adaptive Large MISO Downlink with Predictor Antenna
for fast moving vehicles | Array for very fast moving vehicles

TeC7 | M-MIMO-MMW Massive MIMO (M-MIMO) transmission using higher
frequency bands based on measured channels with CSI
error and hardware impairments

2.2.2 Overview of preliminary results

This section provides an overview of the TeCs under study in Task 3.1 RC 1, collected in a
series of tables that highlight expected gains that can be provided by each TeC and the
performance evaluation approach that has been followed in this first phase of the METIS
project. More detailed results are also available in Appendix C section 9.1.

Gains in the tables are specified as improvements of certain KPI, referring to those defined in
the METIS project [METIS11] whenever they are relevant. The followed approach for the
evaluation could be either analytical or simulation based [METIS61]; and for TeCs evaluated
through simulations, also the simulation type and dynamic class are specified in the table,
according to the taxonomy given in [ARTIST51]. In particular, the simulation type could be:

1 System level: used for evaluation of protocol layers 1 and 2. Link level performance
and effects of higher layers are simplified or fed from evaluations of other types.

Link level: used for detailed evaluation of a point-to-point connection.

Multi link level: used for detailed evaluation of a point-to-multi-point connection (or vice
versa). Equivalent of the link level evaluation but for multi-link techniques.

For the dynamic class we consider:

9 Static model: number and locations of the active users are fixed. Fast fading effects
may be included.
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1 Semi-static model: positions of active users are modeled by a random distribution, but
the positions of active users are fixed over a simulation run. Multiple simulation runs
are carried out. Fast fading effects may be included.

1 Semi-dynamic model: users arrive at random times and locations and require some
random services. Each user remains in the same location. Fast fading effects may be
included.

1 Dynamic model: users arrive at random times and locations and require some random
services. Users may move during their activity.

The considered system model could be either t he
specific RC in Task 3.1 (see Appendix B section 8.1) or a different one (60
specifies the followed approach and, when it is reasonable, the level of deviation compared to

the baseline; if needed, more information is reported in Appendix C.

In the end, for each TeC a legacy solution is identified as a reference for the evaluation of the
expected gains. LTE Rel 611 is assumed whenever
legacies are also possible; also in this case more details can be found in Appendix C, along

with the available simulation results.

T3.1 TeC.01 - MIMO communications with large aperture massive array systems

Main ldea

it The main idea is to deploy massive arrays of
o large aperture to serve as access points in
infrastructures such as airport halls, shopping
malls, stadium, concert stages, etc. In such a hot
spot, communication happens in the near-field
\'/ where the phase and amplitude of the channel

/ / varies across the array. The general objective is
the development of low-complexity and energy-

efficient multi-antenna transceiver techniques in a

multi-user communication framework where a 2D

or 3D large array serves multiple users
simultaneously.

KPIs considered and Expected gain 1 Spectral Efficiency: gains to be evaluated
1 Energy Efficiency: gains to be evaluated
Performance Evaluation Approach Analytical and Simulation-based.

Simulation Type | Not Applicable

Dynamic Class | Not Applicable

System Model Considered Other

Deviation compared to RC Baseline | Not Applicable

Considered Legacy Solution Not Applicable
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T3.1 TeC.01b - DFT based spatial multiplexing and maximum ratio transmission for
mm-wave large MIMO

7 ~ I OutdoorAccessPoint

— @ Base Station
o Mobile Device

-

mm-wave for both backhaul and direct links

Transmitter
array

With linear arrays, data streams are mapped onto
angles of arrivals.

} : Transmitter ’@“A Receivef} :

vy t
L | rarray \ / arrays | «
‘J>: - / “' o:

.

With circular arrays data streams are mapped
onto vortices of various orbital angular
momentums.

Main ldea

According to the antenna spacing and transmitter-
receiver distance, the large MIMO channel in mm-
wave communications is likely to be ill-
conditioned. In such conditions, highly complex
schemes such as the singular value
decomposition (SVD) are necessary. We propose
a new low complexity system called discrete
Fourier transform based spatial multiplexing (DFT-
SM) with maximum ratio transmission (DFT-SM-
MRT). When the DFT-SM scheme alone is used,
the data streams are either mapped onto different
angles of departures in the case of aligned linear
arrays, or mapped onto different orbital angular
momentums in the case of aligned circular arrays.
Maximum ratio transmission pre-equalizes the
channel and compensates  for  arrays
misalignments.

KPIs considered and Expected gain

Spectral Efficiency: x166 [bits/s/Hz].

Complexity reduction with N antennas ° O(N?): x
3A0

Performance Evaluation Approach

Simulation based

Simulation Type

Link level simulation

Dynamic Class

Static model

System Model Considered

Other

Deviation compared to RC Baseline

Not Applicable.

Considered Legacy Solution

mm-wave single input single output (SISO)
system for spectral efficiency, SVD scheme for
complexity.
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T3.1 TeC.02 - Coordinated resource and power allocation for pilot and data signals in
multicell massive SIMO systems

Pilot
contamina on

Pipt

/ EHIMmatmn

LIL data power + LIL p-|||:|t power = Sum power

constraint

Idea: Low rate coordination of pilot and data

resource and power allocation

Main Idea

In multi-cell massive MIMO systems, pilot
contamination depends on the resources and
transmit-power levels used for the pilot
signals. On the other hand, there is an
inherent trade-off between the resources
used for pilot and data signals. The main idea
is to use low rate multi-cell coordination to
find the optimal multi-cell resource allocation
for pilot and data signals under a sum power
constraint. Ideally, this method finds the right
balance between pilot and data power
allocation taking into account pilot
contamination and inter-cell interference.

KPIs considered and Expected gain

1 Energy efficiency, 57 30 % [bps/W]

i Datarates, 57 30 % [bps]
Both the energy efficiency and the data rates can be
improved by requiring less sum pilot+data power for a
prescribed mean square error (MSE) of the equalized
data symbols or decreasing the MSE with a predefined
pilot+data power budget.

Performance Evaluation Approach

Analytical and sSimulation-based (hybrid) approach.
Analytical approach is used to determine the MSE for an
arbitrary pilot+data power setting as a function of the
number of base station antennas without pilot
contamination. Simulation and analysis are used jointly
in the presence of pilot contamination.

Simulation Type

System level evaluation for the simulation-based part.

Dynamic Class

Semi-static model.

System Model Considered

Other

Deviation compared to RC Baseline

Not Applicable. The system level evaluation uses
Gaussian channel model and the positions of active
users are drawn from a surface uniform distribution.

Considered Legacy Solution

System without multi-cell coordination and without pilot-
data power balancing.

METIS
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T3.1 TeC.04 i Multi-cell MU-MIMO in real world scenarios i performance evaluation of
EVD-based channel covariance feedback and multi-path extraction in massive MIMO

systems

Dominant scatterer

In the downlink, fast fading components
can be estimated at UE, fed back to BS
to improve CSIT.

Main ldea

In  multi-path massive MIMO systems, one
method to obtain downlink channel knowledge is

Local sca::ér“er by covariance feedback with blind estimation in

reciprocal duplex channels, e.g., time-division
duplex (TDD). In case of non-reciprocal
frequency-division duplex (FDD) mode, the uplink
channel covariance can be transformed to
downlink. However, the performance of such a
transformation is limited due to unknown random
phase components of each path. The main idea
is to estimate the phase components of the
strongest paths at user equipment (UE) and feed
them back to the serving base station to further
improve the estimation accuracy.

KPIs considered and Expected gain

1 The performance gain is still to be evaluated
The downlink user throughput can be improved by more
accurate estimation of the channel, which is reflected via
beamforming gain with large transmit antenna arrays in the
downlink.

Performance Evaluation Approach

Simulation-based approach. Simulation uses covariance
feedback estimation in both reciprocal and non-reciprocal
channel s, as wel |l as ideal

where ONO6 is a design par ame

q

Simulation Type

System level evaluation

Dynamic Class

Semi-static model.

System Model Considered

Other

Deviation compared to RC Baseline

Not Applicable. The system level evaluation uses Gaussian
channel model and the positions of active users are drawn
from a surface uniform distribution.

Considered Legacy Solution

Channel covariance feedback

METIS
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T3.1 TeC.057 Model based channel prediction

Main ldea

Itis a i partly - theoretical study on limitations of
model based channel prediction (MBCP). It
investigates novel algorithms for extraction of as
much as possible of relevant information out of
coarse building vector data maps (BVDM) for
channel prediction. MBCP is thereby seen as one
of the most important enablers for future
advanced radio algorithms like  Joint
Transmission CoMP JT CoMP or Massive-MIMO.

Compared to D3.1 a low rate low latency

Typical evolution of channel prediction errors (z- | feedback channel has been added to keep track
axis) over time (y-axis) for different PRBs (x-axis) | of strong prediction errors on a limited set of the

for parameter est.i

channel predictiond

mat i g physical resource blocks (PRBs).

KPIs considered and Expected gain

Prediction Horizon: Expected Gain: from 0.1 - 0.3 | for
Kalman filtering to 0.5 - 1| for MBCP

Robust channel prediction: Normalized Mean Square Error
(NMSE) of precoding error <-15dB for > 90% of the
resources (PRBs)

System level gains are for the interference management
framework from Artist4G (IMF-A) plus its extensions relying
on model based channel prediction

Spectral efficiency: Expected Gain > 100%
Throughput: Expected Gain >100%

Performance Evaluation Approach

Simulations / partly Analytical

Simulation Type

Link level simulations for single and multiple links

Dynamic Class

Not Applicable (Dynamic model)

System Model Considered

Building vector data map for Munich NSN campus scenario

3GPP case 1, 2.6GHz, only outdoor users

Deviation compared to RC Baseline

Some:

1 Model of environment: wide area outdoor

1 Spectrum Assumptions: ~cm wave range i 2.6GHz
1 Propagation model: 3GPP case 1
1

Deployment model: Wide Area network only and in
combination with small cells

User/Device Distribution: uniform
I Traffic model: full buffer

=

Considered Legacy Solution

LTE Release 11 as baseline assumption with extensions for
the reporting of channel state information (CSI)

METIS
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T3.1 TeC.06 - Adaptive large MISO downlink with predictor antenna array for very fast

moving vehicles

assive MIMQGenabledBS

Predictor
AntennaArray

LIl VeryHigh

C] DD C] Seeeg

Vehicle with very high speed served
by a massive-MIMO enabled BS using
very narrow beams. The vehicle is
equipped with a predictor antenna
array.

Main Idea

A new scheme call ed APol yia
proposed specifically for large MISO downlink beamforming
in TDD. The objective is to provide a highly efficient wireless
backhaul, in terms of energy consumption, for fast moving
vehicular relays.

Beamforming miss-pointing occurs at high speed, due to
outdated channel state information at the BS.

An array of aligned predictor antennas, placed upon the roof
of the vehicle periodically sends pilots to the BS, to provide a
very dense pattern of channel measurements in space. The
BS interpolates the measurements to predict the channel
between the BS and the receive antenna, accurately.

The Polynomial Interpolation scheme is compared to several
less complex prediction techniques derived from the
Separate Receive and Training Antenna (SRTA) scheme
[PHH13], namely a Random Switch Off Scheme (RSOS), the
Border Switch Off Scheme (BSOS) and a Reference System
(RS). See Appendix C section 9.1.6 for further details.

KPIs considered and Expected gain

TX Energy Saving: x1 to x30
BLER: x1 to x100

Performance Evaluation Approach

Simulation based

Simulation Type

Link level simulation

Dynamic Class

Static model

System Model Considered

Other

Deviation compared to RC Baseline

Not Applicable.

Considered Legacy Solution

System with outdated channel prediction

METIS
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T3.1 TeC.07 - Massive MIMO transmission using higher frequency bands based on
measured channels with CSI error and hardware impairments

Main Idea
Pﬂ.aﬁs“’? MIMO usbingd Performance evaluation of Massive-MIMO
VIS Due to HW impairments transmission using highgr frequency bands based
BS and CSl error on measured channels is performed by computer
UE#1 simulations, and requirements of both CSI error
‘:‘\ E and hardware impairments are clarified.
Precoding with He‘\_\ H ) Computer  simulations in  Massive-MIMO
T e eigenmode transmission are conducted using
/= CSI with error appropriate channel models exploiting CSI from

Massive-MIMO channel sounder measurements
in field experiments. In order to clarify the

System Model . .
y requirements, the influences of the CSI error and

Massive MIMO transmission using higher the hardware impairments on the throughput
frequency bands based on measured channels performance are evaluated. From these
with CSI error and hardware impairments investigations, novel precoding and

compensation methods will be proposed so as to
satisfy the requirements for Massive-MIMO using
higher frequency bands.

KPIs considered and Expected gain Supported traffic value density and experienced user
throughput: Average SNR to achieve 20 Gbps throughput
can be reduced by 17 dB at same transmitter power.

Performance Evaluation Approach Simulation-based

Simulation Type | Link level simulation for single link

Dynamic Class | Static model

System Model Considered Other

Deviation compared to RC Baseline | Not Applicable.

Considered Legacy Solution System employing MIMO-OFDM without beamforming

2.2.3 TeC complementarity analysis

In order to identify interactions and relations among TeCs inside the RC this section presents
a complementarity analysis between the innovations that have been described so far.
Complementarity is defined as follows: TeCx complements TeCy if the techniques developed
in TeCx can be used in TeCy to further enhance the performance of TeCy. Note that in
general complementarity is not symmetric as TeCy does not necessarily enhance the
performance of TeCx. Given this definition, Table 2.2 gives an overview of the complementary
analysis performed for Research Cluster 1 innovations. In particular, TeC1 studies near field
modelling and very large antenna arrays which therefore can be complementary to all other
TeCs. TeC 1b considers a backhaul solution with symmetric massive MIMO and as such is
not complementary to other TeCs. TeC2 investigates pilot and data power considerations, and
hence, has complementarity to all TeCs. TeC4 looks into real world scenarios with channel co-
variance feedback and multipath extraction and hence is complementary to TeC5 which
considers model based channel prediction. TeC 5 is complementary to mobility predictor
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antennas discussed in TeC6. TeC7 goes into measured channels and hardware errors in
gquasi-mm wave region and is complementary to TeC1b which considers mm waves.

Table 2.2: T3.1 RC1 Overview of the TeC complementarity analysis

TeCx TeC 1 TeC 1b TeC 2 TeC 4 TeC5 TeC 6 TeC7
Comple Large DFT- Coordinated EVD-Based Model Based | Predictor | M-MIMO-
ments Aperture SM- Pilot and blind Channel Channel Antenna MMW
TeCy Massive MRT Data RA Covariance Prediction Array

MIMO estimation
TeC1 - Yes Yes Yes Yes Yes Yes
TeC 1b No - No No No No No
TeC 2 Yes Yes - Yes Yes Yes Yes
TeC 4 No No No - Yes No Yes
TeC5 No No No No - Yes No
TeC 6 No No No No No - No
TeC7 No Yes No No No No -

METIS Public 11
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2.3 Research Cluster 2: Further studies on Massive-MIMO precoding schemes
under ideal assumptions

2.3.1 Introduction

This RC is focused on further study of the theoretical foundations of large scale antenna
systems (LSASs) and their application in cellular systems. The common assumption in the
different contributions is the use of TDD as duplexing scheme. The studies herein target low-
complexity precoding/beamforming solutions, interference rejection techniques, and
asymptotic analysis for both uplink and downlink.

Some of the main challenges evoked by the large number of antennas at the macro BS and
addressed in this RC are:

1 Due to the high beamforming gain, integration into a cellular system by coordination
with neighbor cells or small cells is necessary.

1 Using straightforward extensions of MIMO algorithms, the complexity of transceiver
signal processing is increased (sometimes exponentially) along with the number of
transmit antennas. Therefore, the complexity of transceiver algorithms has to be
reduced, e.g. by utilizing tools like random matrix theory.

1 Obtaining reliable CSIT for transmit precoding/beamforming is still an open challenge.
Therefore, algorithms have to be robust and CSI errors are considered as in RC1.

1 Exploiting the high beamforming gain offered by LSASSs, the energy and spectral
efficiency has to be increased compared to current systems by reducing power
consumption while still achieving the same performance or by increasing the
performance while maintaining the same power consumption.

Throughout this RC all the TeCs are considered with respect to the METIS TC 2 iDense urban
information societyd f [M&NS11]. The main requirements of this TC are a traffic volume
density of about 700 Gbps/km2 and a user/device density up to 200 000 per km2 combined
with availability and reliability of 95% in space and time These challenges are addressed by
the benefits achieved with the provided TeC 8-12 briefly summarized in the following:

9 TeC 8: Increase of area spectral efficiency in downlink and uplink by integration of
LSASs and a dense layer of small cells in a TDD network architecture.
1 TeC 9: Increase of user throughput and reduction of error rates in uplink with advanced
transmit and receive processing in a multi-cell multi-user system with LSASS.
1 TeC 10: Simplification of transceiver processing and reduction of transmit power in
downlink by coordination between macro LSASs utilizing random matrix theory.
 TeC 11: Increase of spectral efficiency in downlink with massive spatial division
multiple access (SDMA) and exploitation of azimuth and elevation beamforming with a
large rectangular antenna array in a multi-cell multi-user system.
A more detailed overview of the TeCs related to RC 2 is given in the next section. Table 2.3
provides a summary of the main TeC ideas.

Table 2.3: T3.1 RC2 Technology Components

TeC# | Short Title Short description
TeC 8 | Massive MIMO and ultra | Study of a TDD based network architecture with the aim
dense networks of integrating a massive MIMO macro network with a
dense layer of small cells (SCs).
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TeC# | Short Title Short description
TeC9 | Eiegenvalue Analytical and simulation based study on the use of an
decomposition (EVD) improved EVD-based channel estimation (widely linear
based channel algorithm) in multi-cell MU-Massive-MIMO systems.
estimation for MU-MIMO
TeC 10 | Decentralized To obtain simplified transceiver processing methods
Transceiver design based on random matrix theory
TeC 11 | Massive SDMA with a A LSAS is used to apply massive SDMA exploiting
LSAS elevation and azimuth beamforming. Instead of
increasing the SINR of several users the beamforming
gain is used to serve as many users as antennas
available in the spatial domain.
METIS Public 13
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2.3.2 Overview of preliminary results

This section provides an overview of the TeCs under study in Task 3.1 RC2, collected in a
series of tables that highlight the expected gains that can be provided by each TeC and the
performance evaluation approach that has been followed in this first phase of the METIS
project. More detailed results are also available in Appendix C section 9.1.

The structure and meaning of the different fields in the following tables have been described in
section 2.2.2.

T3.1 TeC.08 - Massive MIMO and ultra-dense networks

Main ldea

We assume that transmissions across the tiers
) are perfectly synchronized. Both tiers share the
A available bandwidth with universal frequency

./
&=

reuse. All transmissions are assumed to take

e
I
)

e place over flat fading channels. The main idea is
\ﬁ massive MMO-enabled to exploit channel reciprocity not only for
acto B8 estimation of large-dimensional channels at the

small cell BS
BSs but also for interference aware precoding

with the goal of reducing intra- and inter-tier
interference.

A network where a macro tier is augmented with | The proposed scheme relies only on locally
low range small cells (SCs). Each macro BS available information and does not require any
employs multiple antennas to serve its associated | data exchange between the nodes. It is hence
single-antenna MUEs (Macro served UE). Each | fully distributed and scalable.

SC is equipped with multiple antennas and
devotes its available resources to its pre-
scheduled small-cell user equipment (SUE).

KPIs considered and Expected gain | Area spectral efficiency (SC, Uplink): average gain of 100%
Area spectral efficiency (SC, Downlink): average gain of 50%
Area spectral efficiency (macro, Uplink): average gain of 200%

Area spectral efficiency (macro, Downlink): average gain of
150%

Performance Evaluation Approach Simulation-based

Simulation Type | System level evaluation

Dynamic Class | Semi-static model

System Model Considered Other

Deviation compared to RC Baseline | Significant:
1 Model of environment: Urban Macro Area
1 Spectrum Assumptions: 2.6 GHz

1 Propagation model: Simplified 3GPP Model [3GPP12-
36828, Tab 6.4-1]

1 Deployment model: Square Grid
1 User/Device Distribution: Hotspot distribution

1 Traffic model: Full Buffer

Considered Legacy Solution Adapted LTE Release 11
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T3.1 TeC.09 - Eiegenvalue decomposition (EVD) based channel estimation for MU-
MIMO

A pilbt sequence ¢, is reused among neighboring cells .

Main ldea

The channel between a given user and its serving
BS tends to become orthogonal to the channel of
a randomly selected intra-/inter-cell interfering
user as the number of BS antennas goes to
infinity, assuming i.i.d. fast-fading channel with
slow-fading known a priori. The channel vector is
then the eigenvector of covariance matrix of RX
data vector subject to a multiplicative (scalar/sign)
ambiguity. We propose an improved EVD-based
channel estimation, i.e. widely linear (WL)
algorithm [AP12], in multi-cell MU-Massive-MIMO
systems. By using both the received signal and
its complex conjugate, the WL scheme
reformulates the channel vectors into their real
representations which are more pairwisely
orthogonal and reduces the phase ambiguity
problem that is inherent from conventional
subspace-based estimations to a sign ambiguity.

KPIs considered and Expected gain

User throughput: 2 times compared with [NL12]
Symbol Error rate: 2 times improved compared with [NL12]

MSE of channel estimate (not defined in [METIS11]) reduced
to less than 50%.

Performance Evaluation Approach

Analytical and Simulation-based

Simulation Type

Simplified system level evaluation

Dynamic Class

Static model

System Model Considered Other

Deviation compared to RC Baseline

Multi-cell MU-Massive-MIMO system of L=3 cells and K=3
users in each cell

Considered Legacy Solution [NL12]

METIS

Public 15




£l Document: FP7-ICT-317669-METIS/D3.2
i"' ) Date: 23/04/2014 Security:  Public
\:j Status: Final Version: 1

T3.1 TeC.10 - Decentralized coordinated transceiver design with large antenna arrays

Each BS has a much larger number of
antennas compared to those at user terminals.
A decentralized beamforming algorithm is
considered with some backhaul signaling
among BSs.

Main Idea
MIMO interfering broadcast channel (IBC) and
| interfering multiple access channel (IMAC) are

/| considered. Each BS serves its own set of user
terminals and co-channel transmissions from each
BS cause interference to the user terminals of other
cells. Inter-cell interference (ICl) is a key parameter in
the design of distributed beamforming algorithm as it
couples the sub-problems at base stations. In this
work, a large dimension approximation for the optimal
ICI is considered. According to this approximation an
algorithm is proposed for decoupling the sub-
problems at base stations which results in a
significant  reduction in  backhaul information
exchange rate and processing load. This algorithm
guarantees the target SINRs without any major loss
of performance as compared to the optimal
centralized design as the dimensions of the system
grow large.

KPIs considered and Expected gain Trans

mit power reduction to be evaluated

Reduced signalling between network nodes (backhaul traffic)

Performance Evaluation Approach

Analytical and Simulation-based

Simulation Type

Link level, Multi-link level

Dynamic Class | Static

model

System Model Considered

Multi-cell, multiple users with interferences considered in
frequency flat fading.

Deviation compared to RC Baseline
1

f
f
f
f

1

Minor:

Model of environment: N/A (i.i.d. Rayleigh fading)
Spectrum Assumptions: Frequency agnostic
Propagation model: N/A (i.i.d. Rayleigh fading)
Deployment model: 7 cell wrap around

User/Device Distribution: to

random locations in cells

28 users dropped

Traffic model: No traffic model

Considered Legacy Solution

Relevant works from the literature for the considered case
[TPK11] [LHDA10] [DY10] [WCMD12].

LTE Rel. 12 baseline considered in the future
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T3.1 TeC.11 7 Massive SDMA with a LSAS exploiting elevation and azimuth
beamforming

Main ldea

Given a TDD system where the channel
information of a MS-BS link can be estimated at
the BS, the idea is to use a large scale antenna
system with 128 active elements deployed as a
uniform rectangular array exploiting elevation and
azimuth beamforming to
@ division multiple access. Instead of increasing the
SINR of few users the degrees of freedom in
beamforming are used to serve as many users as
possible in the spatial domain. Compared to
@ [METIS31] variable elevation beamforming has
been added. Performance evaluation using
interference aware regularized ZF precoding with
or without user grouping and relaxed power
@ constraints is shown in multi-cell system-level
@ @ @ @ @ simulations with realistic Quadriga [JBTJ12]

channels.

A rectangular uniform antenna array serves a lot
of users with spatial division multiple access.

KPIs considered and Expected gain Sum Spectral Efficiency: 10 to 20 times

User Spectral Efficiency: 10 to 20 times

Performance Evaluation Approach Simulation-based

Simulation Type | System Level

Dynamic Class | Semi-static

System Model Considered RC-baseline

Deviation compared to RC Baseline | Minor:
1 Model of environment: WINNER urban macro
1 Spectrum Assumption: 18 MHz at 2.68 GHz

1 Propagation model: Fast fading and 100% NLOS with
Quadriga channels [BDJT12]

1 Deployment model: 3 sites per BS in a hexagonal grid
with an inter site distance 1SD=500m

User distribution: uniform random

Traffic model: full buffer

Considered Legacy Solution With fewer antennas (8 antennas) and fixed elevation
beamforming CoMP in LTE-A release 11.
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2.3.3 TeC complementarity analysis

As in section 2.2.3, in the following analysis TeCx is considered complementary to TeCy if the
techniques developed in TeCx can be used in TeCy to further enhance the performance of
TeCy. Note that in general the relation is not symmetric.

Considering innovations in RC 2, TeC 8 provides a solution for the system architecture and
covers both the uplink and downlink direction. Therefore, it is not complementary with the
other TeCs. In contrast to this, TeCs 10 and 11 are solutions for the downlink and TeC 9 for
uplink only. This ensures that TeC 9 is complementary with TeCs 10 and 11. TeC 10 reduces
the complexity of the transceiver and provides coordination between macro BSs so it is
complementary with TeC 11 which is covering beamforming and user grouping of a single
macro BS. An overview of the complementary analysis is listed in Table 2.4.

Table 2.4: T3.1 RC2 Overview of the TeC complementarity analysis

TeCx TeC 8 TeC9 TeC 10 TeC 11
Comple Massive Multi-cell MU massive | Decentralized Massive
ments MIMO and MIMO w/ max Transceiver SDMA with a
TeCy UDN weighted sum rate Design LSAS
TeC 8 - No No No

TeC 9 No - Yes Yes
TeC 10 No Yes - Yes
TeC 11 No Yes Yes -

2.4 Most promising concepts from Task T3.1

From T3.1 one of the key areas, which is considered to contribute to a 5G system is back
haul. This may prove to be very significant due to anticipated proliferation of ultra dense
networks, vehicular networks with high capacity etc. Massive MIMO for in-band backhaul is
investigated in TeC 1b which utilizes mm waves and symmetric MIMO and TeC 6 which
focuses on high mobility. Energy saving and improvement in spectral efficiency are expected
as direct outcomes.

The other is in the access network. Massive MIMO access is considered in several TeCs.
TeC7 focuses on quasi-mm waves and 3D beamforming with CSI error. The bit rates around
20Gbps can be realized at lower average SNR. TeCs 9-11 study a typical cellular
configuration with reduced complexity transceiver processing. With less signalling these are
expected to contribute to METIS goal in 10-100 times increased data rate.

2.5 Interactions between T3.1 and other METIS WPs

The channel models to be developed in WP1 can be used in the simulations in all TeCs. At
the moment there is a scarcity of these for massive MIMO, with the existing LTE standard
covering only up to 8x8 MIMO. In addition mm wave TCs benefit from modelling at 60 GHz.
New waveform designs considered in WP2 may result in different signal models which would
then have an influence in precoder and decoder designs. Many TCs consider basic OFDM
scheme as the basic waveform, the effects from which then need to be modified to a certain
extent in resource allocation algorithms. Results from T3.1 can be utilized in WP4 for further
resource allocation and interference management. Also interference coordination methods
investigated in WP4 can have some influence on those considered in T3.1. Since mm waves
and quasi-mm waves are considered, the spectrum allocation considered in WP5 has
relevance in those areas.
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2.6 Conclusion

The main objective of this deliverable has been to identify the possible contributions from
various TeCs to realize TC2. Accordingly the expected impact on TC2 by different TeCs has
been considered and compared. In addition, individual contributions show promise in further
results, e.g., RC1 delivers strong results in more practical scenarios, specifically high mobility,
mm-wave and in channel modelling. mm-wave applications would produce novel solutions
which also support other aspects such as ultra dense networks (UDN). RC2 focuses mostly on
multicellular systems including the heterogeneous case considering detailed channel models
obtaining results in simplified processing techniques. The simulation alignment exercise
carried out holds the promise for obtaining more concrete solutions for TC2 from each of the
RCs. Further work with more realistic channel models is expected. Massive MIMO for in-band
backhaul and for access are identified as two key concepts in terms of most promising
technologies from T3.1.
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3 Task 3.2: Advanced inter-node coordination

3.1 General overview

Task 3.2 is in charge of the exploration of advanced inter-node coordination approaches. The
advantages of cooperation have been widely discussed in literature and standardization
bodies, and have been claimed to provide increased cell-edge throughput and higher system
capacity, through the mitigation or even exploitation of the interference, which usually limits
performance in wireless networks.

However, it is also acknowledged that this kind of solutions requires a careful design,
otherwise a significant gap will be observed between the theoretically impressive gains that
are expected, and those that are actually achievable under non-ideal conditions (e.g. for
backhauling or feedback impairments).

Taking into account this challenging and complex background, Deliverable [METIS31]
identified three main research directions for the activities in Task 3.2.

The first direction, which is explored by RC1, is devoted to further study classical coordination
approaches under practical feedback and backhauling constraints, which could arise in a
realistic system, and have been identified as possible game stopper for CoMP.

The second one, explored in RC2, aims to develop the novel Interference Alignment concept
introduced in recent studies, which however still needs to be explored in a more realistic
framework.

The third approach, examined in RC3, explores the potentiality of coordination when network
elements provide novel capabilities, ranging from alternative access schemes that could lead
to novel cooperation approaches, to enhancements in UEs that can alleviate the coordination
burden on the network, or advancements at the network side that could be deployed in
synergy with coordination approaches (e.g. Massive MIMO).

The following sections provide the description of the TeCs investigated in each Cluster, with
indications of the expected gains, and of the approach and system assumptions followed to

provide these preliminary results. Further details on the obtained simulation results are

provided in Appendix C section 9.2. Si n ¢ edenseruéban)infofmation societyd [ MET I S6 1]
has been identified by the METIS project as one of the most relevant TCs, a simulation

baseline was defined in the Task for the TeC currently under investigation that is in line with

basic assumptions in TC2; a detailed description of the agreed assumptions is available in

Appendix B section 8.2.

An evaluation of the potential complementarity/alternativeness of the proposed TeCs is also
here presented, together with an indication of the most promising concepts and the expected
impact of the described TeCs on the other WPs in METIS.

3.2 Research Cluster 1: Further improvements to classical coordination
techniques.

3.2.1 Introduction

This research cluster is focused on further studies of the classical coordination techniques
(e.g. CoMP) under practical feedback and backhaul constraints. The studies herein are
targeting the METIS TC2 fDense urban information societyd  f f[MEMS11], with the
objective of increasing the system spectrum efficiency and the cell-edge spectrum efficiency.
Some of the main challenges evoked by this complex scenario and considered in this RC are:

1 Reliable feedback links of high-capacity are unlikely to be available on a large scale
due to limited bandwidth and high inter-cell interference.
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1 The backhaul links interconnecting multiple nodes may be wireless and unreliable. In
addition, low-latency backhaul links are required for timely sharing of the CSl-based
information among the coordinated transmission nodes.

1 The system spectrum efficiency is mainly limited by the feedback and training
overhead.

With the TeCs provided in this RC, we will be able to evaluate both numerically and
theoretically how existing coordination schemes cope with feedback and backhaul delays.
This allows us to find better techniques that efficiently deal with practical impairments, thus
improving the system performance. Advanced precoding schemes as well as backhaul load
reduction schemes, which can mitigate inter-cell interference without relying on expensive and
low-latency backhaul links, have also been provided.

More details of the TeCs related to this RC are given in the next section. Table 3.1 provides a
summary of the main TeC ideas.

Table 3.1: T3.2 RC1 Technology Components

TeC# | Short Title Short description

TeC 1l | CoMP Resource Allocation Investigation of the impact of feedback and
backhaul links on the performance of different
multi-node transmission schemes. Multi-node
resource allocation is proposed under imperfect
feedback and backhaul channels.

TeC 2 | Exploiting temporal channel An optimal feedback period is derived such that it

correlation to reduce guarantees same spectrum efficiency as using a
feedback in CoMP conventional feedback scheme.

TeC 2b | DoF of MIMO BC and IC with | Theoretical analysis of the Degree of Freedom
delayed CSIT (DoF) and net DoF of recent schemes for the

MIMO IC and BC with delayed CSIT (DCSIT) and
finite coherence time.

TeC 3 | Distributed Precoding with Precoding scheme for interference mitigation in
Data Sharing multi-cell multi-antenna systems based on local
CSI and data sharing

METIS Public 21



Document: FP7-ICT-317669-METIS/D3.2

e
i"' ) Date: 23/04/2014 Security:  Public
\:j Status: Final Version: 1

3.2.2 Overview of preliminary results

This section provides an overview of the TeCs under study in Task 3.2 Research Cluster 1,
collected in a series of tables that highlight the expected gains that can be provided by each
TeC and the performance evaluation approach that has been followed in this first phase of the
METIS project. More detailed results are also available in Appendix C section 9.2.

The structure and meaning of the different fields in the tables hereafter have been described

in section 2.2.2.

T3.2 TeC.01i Multi-node resource allocation under imperfect feedback and backhaul

channels

!

Main ldea

First goal is to analyse the performance of multi-
node joint transmission schemes with imperfect

/
\d //
AN /
/
/
AN

UE2
N
y UEL @

BS2
2
-
Z
-t
-
BS3

& Y &r
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w

CSIT, considering the effects of feedback and
backhaul latency, user mobility and feedback
errors. Based on the backhaul topology, the work
also considers other network architectures, e.g.,

> semi-distributed and fully-distributed networks.

cu Second goal is the design of robust precoding
schemes that can achieve cooperation gains with
low-complexity, for densely deployed access

— — —» Feedback links
<4—»  Backhaul links

points with heterogeneous transmit powers and
activation probability. An additional focus is put on
backhaul load reduction strategies, reducing the

backhaul load by using MAC layer scheduling
approaches, which provide a trade-off between
sum rate and backhaul use.

KPIs considered and Expected gain 1 Cell throughput to be evaluated
i Cell-edge throughput to be evaluated
Performance Evaluation Approach Simulation-based

Simulation Type | System level evaluation

Dynamic Class | Semi-static model

System Model Considered Other

Deviation compared to RC Baseline | Significant:

1 Model of environment: Urban Macro Area
1 Spectrum Assumptions: 2GHz

1 Propagation model: Simplified 3GPP Case 1
1 Deployment model: Hexagonal Grid

1 User/Device Distribution: Uniform/Random

 Traffic model: Full Buffer

Considered Legacy Solution Adapted LTE Release 11
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T3.2 TeC.02 - Exploiting temporal channel correlation to reduce feedback in CoMP

scheme

(O coordinateccells

Main ldea

In order to reduce the feedback update period
without impacting the system throughput we
exploit the channel temporal correlation. We
derive an optimal feedback updating period which
is triggered by the transmitters to enable the
receiver to send the CSI. This updating period is a
function of the channel temporal correlation (UEs
speeds), available feedback bits, and the number
of transmit antennas.

KPIs considered and Expected gain

Feedback reduction: min 16% for 50km/h to max
76% for 15km/h in the used codebook size.

The feedback scheme with longer update feedback
period is compared to a scheme with feedback period
equal to 1 under the condition to achieve the same
total throughput.

Performance Evaluation Approach Analytical and Simulation based

Simulation Type | Analytical and System level simulations based on simplified

MIMO Block Fading Multipath AWGN Channel models with
path loss. Analytical approach is used to determine the
optimal feedback period and used later into the system
simulator to evaluate the system throughput.

Dynamic Class | Semi-static Model

System Model Considered RC baseline

Deviation compared to RC Baseline | Propagation and deployment model simplified

Considered Legacy Solution LTE-A Rel.12
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T3.2 TeC.02b - DoF and net DoF of recent schemes for the MIMO IC and BC with
delayed CSIT and finite coherence time

Tc
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f—
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Data
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block 1

Downlink Data Transmission

Dawinlink Training
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block 2
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ot Data

Tt [
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block 3

N|
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o T,+T TC'(TdJrTcI)

ZTC'Z(Td*'Tm)

Coherence time T, delay T,

Common and dedicated training T.; and Tg;

2Ty Ty)

Main Idea

Theoretical analysis of the DoF
and net DoF of recent schemes
for the MIMO interference
channel and broadcast channel
with delayed CSIT and finite
coherence time.

In order to overcome feedback
delay and maximize the net DoF
another feedback scheme was
proposed based on the finite rate
of innovation channel models
[LSY13a]: FCFB (Foresighted
Channel Feedback). It allows to
have constant knowledge of the
CSIT at the cost of an increase
of training/feedback rate.

KPIs considered and Expected gain

1 Cell throughput in DoF (Sum rate slope at high SNR)

1 Acceptable feedback delay (feedback delay that can
be accommodated without DoF loss)

Performance Evaluation Approach

Analytical

Simulation Type

Not Applicable

Dynamic Class

Not Applicable

System Model Considered

Not Applicable

Deviation compared to RC Baseline

Not Applicable

Considered Legacy Solution

Not Applicable
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T3.2 TeC.03 - Distributed precoding with data sharing
x=lx D, x” Main Idea
| . . .

| | Develop precoding strategies which
@ BS @ | utilize local CSI and exploit some form
B 2 e e BSy of data sharing among the BSs (e.g. the
AAA AAA kA presence of caching mechanism in the
H i BSs that stores frequently downloaded
Hy| H2 content) in order to mitigate the

interference, and relaxing the

backhauling requirements.

KPIs considered and Expected gain 1 Average cell-edge spectral efficiency.
Expected Gain: 0-300% (dependent on
the system configuration). 0% refers to
the low SNR range where existing
solutions or MRT can be utilized.

Performance Evaluation Approach Analytical / Simulation-based

Simulation Type | Simplified system level simulation

Dynamic Class | Semi-static model

System Model Considered Simplified RC1-baseline with normalized flat-
fading channels. Implicit assumption taken from
the T3.2-RC1 baseline is the large backhaul
latency value (50 ms) which prevents timely
distribution of the collected local CSI.

Deviation compared to RC Baseline | As the current focus is on the algorithms for the
optimal precoders, we use the normalized block
flat-fading Rayleigh channel model with complex
Gaussian i.i.d. zero-mean and unit-variance
coefficients. Future work will include more realistic
scenarios.

Considered Legacy Solution Relevant works from the literature for the
considered case, as described in the appendix,
see section 9.2.4 (LTE baseline to be considered
in the future work)

3.2.3 TeC complementarity analysis
As explained in section 2.2.3, TeCx is considered complementary to TeCy if the techniques
developed in TeCx can be used in TeCy to further enhance the performance of TeCy.

In RC 1 TeCs 1, 2 and 2b investigate how existing coordination schemes cope with feedback
delays, in particular:

1 The performance evaluation approach used in TeC 1 is simulation based and could be
extended to include TeC 2 proposal.

METIS Public 25



Document: FP7-ICT-317669-METIS/D3.2

e
i"ﬂ i) Date: 23/04/2014 Security:  Public
\:j Status: Final Version: 1

1 TeC 2 offers a way to balance feedback size and update rate. The proposed strategy
could be assessed together with TeC 1 and could be exploited also in TeC 3.

1 TeC 2b adopts an analytical approach that could be extended to assess the
performance of all the other TeCs in RC1.

1 TeC 3 targets for relaxing backhauling requirements. It provides a distributed
precoding scheme with only local CSI sharing so its applicability with other TeCs is
limited. Table 3.2 summarizes the outcome of the complementarity analysis.

Table 3.2: T3.2 RC1 Overview of the TeC complementarity analysis

TeCx TeC1 TeC 2 TeC 2b TeC 3
Comple CoMP Exploiting temporal DoF of MIMO Distributed
ments Resource channel correlation | BC and IC with | Precoding with
TeCy Allocation | to reduce feedback | delayed CSIT Data Sharing
TeC 1 - Yes No No

TeC 2 Yes - No Yes

TeC 2b Yes Yes - Yes

TeC 3 No No No -

3.3 Research Cluster 2: Studies on Interference Alignment

3.3.1 Introduction

This research cluster is based on two main objectives. The first objective is to provide
interference alignment (IA) based transmission schemes for large cellular systems and real
world scenarios. The second is to further explore the potentials of IA based schemes using the
information-theoretic tools. Hence it is a good mix of solutions (evolution and innovation) to the
problem space of interference in cellular networks based on the concept of IA.

The main problems that are in focus in this RC are highlighted as follows:

1 In a multi-user multi-cell MIMO network, we deal with a space of interference which
has multiple dimensions and only a limited number of degrees of freedom are available
at the receivers. Partial IA can be one of the sub-optimal solutions.

1 Exploitation of user selection diversity for the performance improvement of 1A based
transmission schemes.

9 Distributed IA schemes for MIMO IC are attractive and provide close to optimal
performance. However, their convergence time and required overhead are an issue
which needs further considerations and research.

The TeCs in this research cluster target multiple TCs.. The TC2 (Dense urban information
society), TC 3 (Shopping Mall), TC 4 (Stadium) and TC 9 (Open Air Festival) are the most
interesting TCs where the solutions are applicable with a reduced effort. The TeCs enable the
use of IA in diverse scenarios depending upon the availability of infrastructure. Main targets of
the TeCs in these TCs are to improve the system spectral efficiency as well as to reduce the
complexity. Further descriptions related to the main idea, performance metric, methodology
and other impacts of each individual TeC are given in the following section. Table 3.3 provides
a summary of the main TeC ideas.

Table 3.3: T3.2 RC2 Technology Components

TeC# | Short Title Short description
TeC 4 | Multi-User Inter-Cell Design of multi-user selection algorithms in an OFDM
Interference Alignment based closed loop downlink transmission system. The
(MUICIA) transmit-precoding scheme is based on interference
alignment in a multi-user multi cell network where both
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TeC# | Short Title Short description
the transmitters and the users are equipped with
multiple antennas.

TeC5 | Semi-distributed IA with | Semi-distributed algorithm to find the optimal filters at
PC convergence speed | the BSs and UEs that achieve a target SINR at each
up UE, with power control (PC) to reduce the number of

iterations and check the existence of the optimal
solution at the beginning.

TeC 6 | Distributed schemes for | The proposed schemes rely on forward-backward

MIMO ICs

training in TDD systems, to iteratively refine both the
transmit and receive filters. They also employ a so-
called turbo iteration run at each transmitter / receiver to
speed up the convergence.
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3.3.2 Overview of preliminary results

This section provides an overview of the TeCs under study in Task 3.2, RC 2, collected in a
series of tables that highlight the expected gains that can be provided by each TeC and the
performance evaluation approach that has been followed in this first phase of the METIS
project. More detailed results are also available in Appendix C section 9.2.

The structure and meaning of the different fields in the table have been described in section
2.2.2.

T3.2 TeC.04 17 Real world interference alignment

Main ldea
. The main idea is to find algorithms for user
selection that maximises the performance of
S multi-user IA based transmit precoding, in order
S N to maximise the system spectral efficiency.
u_ % The approach is to find a pair of users that can
] benefit most from the alignment technique that
9 aims to align intra-cell and inter-cell interference.
4 4 Such a pair provides high system performance
// when IA is applied as transmission technique.
/
VARSSEN
=2 Desired Signal
== Multi User Interference
== Inter CellInterference
=) Transmissionsin other cells

KPIs considered and Expected gain 1 System Spectral efficiency: average gain from 20%
to 45%
Performance Evaluation Approach Simulation-based

Simulation Type | System level evaluation

Dynamic Class | Semi-static model

System Model Considered Other

Deviation compared to RC Baseline | Some:

Model of environment: Urban Macro Area
Spectrum Assumptions: 2.0 GHz
Propagation model: 3GPP SCM

Deployment model: Hexagonal Grid

= =4 -4 -4 -

User/Device Distribution: Uniform

 Traffic model: Full Buffer

Considered Legacy Solution Adapted LTE Release 11
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T3.2 TeC.05 - Semi-distributed IA algorithm for MIMO-IC channel, with power control
convergence speed up

—> Usefull link
— Interference

Main ldea

We propose a distributed algorithm to find the
optimal filters at the BSs and UEs enabling to
reach a set of target signal to interference plus
noise ratios (SINRs) at the different streams of
the different links in the network. In a second
step, we propose to allow a limited information
exchange at a Central Unit (CU) level, that is
used to alleviate the complexity of the distributed
algorithm and to adapt the choice of target
SINRs. Only the information needed to check the
existence of an optimum power allocation to
reach a target SINRs are sent to the CU. The CU
computes this optimal power allocation when it
exists. The proposed algorithm is shown to
decrease the iteration number to reach the target
SINRs and to have quasi-optimal performance.

KPIs considered and Expected gain

Higher Spectral efficiency due to IA

Reduced complexity (due to higher convergence
speed allowing reduced number of iterations): from
x2 to x100.

Performance Evaluation Approach

Simulation-based

Simulation Type

Simplified system level evaluation

Dynamic Class

Static model

System Model Considered

other

Deviation compared to RC Baseline

Not Applicable. The system model consists of a simple K-
user MIMO IC, with narrowband flat fading.

Considered Legacy Solution

IA with minimum leakage algorithm [YTJ+08]
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T3.2 TeC.06 1 Distributed low-overhead schemes for MIMO ICs

== == Backhaul link
<—> Fwd-Bkwd training -

mBS

MBS - Macro Base Station

mBS - micro Base Station

Main ldea

! The proposed schemes rely on forward-backward
' training in TDD systems, to deliver high spectral
: efficiency, while still requiring a low
| communication overhead associated with the F-B
I iterations. Relatively high performance are
I achieved solving a relaxation of the original
I leakage minimization problem, and also thanks to
1 the introduction of a so-called turbo iteration,
I where each transmitter / receiver further refines
| its filter, thus greatly speeding up the
! convergence.

KPIs considered and Expected gain

Gain in average sum-spectral efficiency (in bps/Hz) increases
with decreasing noise level, and increasing system
dimensions (e.g. antennas, users, cells). Expected gain over
baseline is ~20% in the medium noise level (~ -20dB), and
~90% in the low-noise regime (~ -40dB)

Performance Evaluation Approach

Simulation based

Simulation Type

Simplified system level evaluation (physical layer only)

Dynamic Class

Static model

System Model Considered

Other

Deviation compared to RC Baseline

Not Applicable. The system model consists of a simple K-
user MIMO IC, with narrowband flat fading.

Considered Legacy Solution

Distributed Interference Alignment algorithm [GCJ08]
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3.3.3 TeC complementarity analysis

As in section 2.2.3, TeCx is considered complementary to TeCy if the techniques developed in
TeCx can be used in TeCy to further enhance the performance of TeCy.

TeC 4 targets the problem of both ICI and multi-user interference (MUI) and provides linear
solutions based on un-coordinated IA. The solution is most suitable for an FDD based system
and requires no coordination between the cells. This solution can be applied in a multi-user
MIMO cellular network where each transmitter is sending single-layer streams towards
multiple users.

TeC 6 on the other hand targets the problem of ICI and provides the iterative solutions based
on distributed IA. The solution is most suitable for a TDD based system and requires
coordination between the cells. This solution can be applied in a clustered cellular network
where each transmitter is performing single user MIMO transmission. So TeC 4 and TeC 6
have different assumptions on the considered setup and limited possible interactions.

Tec 5 on the other hand could be used to speed up the convergence of iterative approaches,
assuming that a certain level of cooperation is possible, so it can complement TeC6.

A compact complementary analysis is given in Table 3.4 hereatfter.

Table 3.4: T3.2 RC2 Overview of the TeC complementarity analysis

TeCx TeC4 TeC5 TeC 6
Comple Multi-user Semi-distribute Distributed
ments Inter-Cell 1A IA with PC schemes for
TeCy MIMO ICs
TeC 4 - No No
TeC5 No - Yes
TeC 6 No No -

3.4 Research Cluster 3: Coordination with enhanced network and UE
capabilities

3.4.1 Introduction

This RC deals with novel approaches to coordination that exploit enhanced capabilities
available in the network or UEs. In particular TeCs here considered can be divided in:

T coordination techniques that exploit enhancement in the UEs,

1 techniques that require enhancement also in the network.

1 techniques that are based on the use of alternative access scheme.
Research based on UE enhancement aim to alleviate the coordination complexity burden on
the network, allowing e.g. to have simpler clustering technigques thanks to enhanced
cancellation capabilities of multi-antenna UEs that can tolerate higher inter-cluster interference
(TeC 7), or reducing the feedback requirements thanks to channel prediction algorithm in the
UE receiver (TeC 10). Also improved performance can be achieved when the interference
capabilities of UEs are assisted by a network that provides interference information or
transmission points coordination (TeC 12).

Technology components that exploit advanced capabilities in the network consider
techniques, as Massive MIMO (TeC 13) or relayed communications (TeC 14), that are under
study in other Tasks of the WP, or develop coordination approaches that leverage advanced
switch off capabilities of transmitting nodes to reduce the overall power consumption (TeC 15).
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Alternative access schemes considered are Non-Orthogonal Multiple Access (TeC 8), non-
coherent transmission schemes (TeC 16) and a decentralized access scheme suitable for
D2D communications (TeC 11). For the first two this phase of the research is basically
investigating the potential of these schemes and ways in which coordination can be used to
improve them. The third one proposes a decentralized interference aware scheduling
mechanism based on beacon signals sent from the UE that is applicable to extremely dense
deployments, D2D communications and the likes, to solve outages arising from harsh
interference. A more detailed overview of the technology components related to RC3 is given
in the next section. Table 3.5 provides a summary of the main TeC ideas.

Table 3.5: T3.2 RC3 Technology Components

TeC # | Short Title Short description

TeC 7 | Dynamic Clustering with | Develop a dynamic BS clustering and UE scheduling for
Multiantenna Receivers | downlink CoMP systems where the resource allocation

(DCMR) scheme explicitly considers that UEs are equipped with
multiple antennas.
TeC8 | NOMA Non Orthogonal Multiple Access (NOMA) with multi-

antenna transmission schemes.

TeC 10 | Distributed JT-CoMP Distributed JT-CoMP downlink based on limited CSIT in
a dense FDD network with enhanced multi-antenna
receive processing

TeC 11 | DIAS Decentralized interference aware scheduling (DIAS)
approach suitable for D2D communication, based on the
transmission of a reverse beacon to signal interference.

TeC 12 | NA IS/IC receivers and Network-assisted co-channel interference robust

ultra-dense networks receivers for dense cell deployments

TeC 13 | Interference mitigation In ARTIST4G a powerful interference mitigation
based on JT CoMP and | framework has been developed based on joint
massive MIMO transmission CoMP beside others for a 4x2 MIMO

scenario. ldentified limitations like limited coverage for
indoor users and rank deficiencies in case of many
simultaneously served users should be overcome by
proper inclusion of small cells and massive MIMO.

TeC 14 | Coordinated scheduling | In this work we apply the coordinated scheduling
for two-way relaying with | approach for the two-way relaying with network coding

NC. (NC) and MIMO in TDD systems

TeC 15 | Adaptive and energy Define coordination schemes that allow to switch off
efficient dense small unnecessary small cells when traffic request is low
cells coordination

TeC 16 | Non-coherent This work investigates non-coherent communication in
communication in systems where the users are connected to multiple
coordinated systems transmission points.
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3.4.2 Overview of preliminary results

This section provides an overview of the TeCs under study in Task 3.2 RC 3, collected in a
series of tables that highlight the expected gains that can be provided by each TeC and the
performance evaluation approach that has been followed in this first phase of the METIS
project. More detailed results are also available in Appendix C section 9.2.

The structure and meaning of the different fields in the table have been described in section
2.2.2.

T3.2 TeC.07 - Dynamic clustering with multiple receive antennas in downlink CoMP
systems

Main ldea

The work considers a dynamic clustering and
scheduling algorithm. The algorithm allows a
dynamic optimization, in each time slot, of the set

ﬁ\ /ﬁ ﬁ\ ﬁ of non-overlapping clusters and the UEs
o h scheduled within each cluster, maximizing the

:--" L et network weighted sum rate. The approach is
Vot extended to the case where the UEs are

ﬁ equipped with multiple antennas and exploit them
Cu either to implement an interference rejection

. combiner or to be served by multi-stream
ﬁ ﬁ transmission.

KPIs considered and Expected gain 1 Cell throughput: average gain from 10% to 20%
1 User throughput: 5" perc. gain from 30% to 50%
1 Spectral efficiency: average gain from 10% to 20%

Performance Evaluation Approach Simulation-based

Simulation Type | System level evaluation

Dynamic Class | Semi-static model

System Model Considered Other

Deviation compared to RC Baseline | Some:

Model of environment: Urban Macro Area
Spectrum Assumptions: 2.6 GHz
Propagation model: Simplified 3GPP Case 1

Deployment model: Hexagonal Grid

= =4 -4 -4 -

User/Device Distribution: Uniform
 Traffic model: Full Buffer

Considered Legacy Solution Adapted LTE Release 11
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T3.2 TeC.08 - Studies on Non-Orthogonal Multiple Access (NOMA)

System Model

&

UE1

; UE2

Beam 1
<

eNB —< Beam 2 é/
UE3 é/

UE4

Main ldea

The main idea is to combine non-orthogonal
multiple access (NOMA) schemes [METIS22] with
multi-antenna  transmission schemes.. One
example is to use multiple antennas at the
transmitter to form multiple beams and within
each beam, multiple users are multiplexed using
a non-orthogonal multiple access based
technique.

This idea will be extended to multi-site operations
by introducing inter-site interference coordination
(e.g., in frequency, space and/or power domains).

Multi-user MIMO setting. BS and UEs have
multiple antennas. Communications rely on a
combination of multi-antenna transmission and
non-orthogonal methods. Inter-site interference

coordination is also considered.

KPIs considered and Expected gain

1 Cell Throughput, Expected Gain (20%~40%).

1 Cell-Edge Throughput, Expected Gain (20%~40%)

Performance Evaluation Approach

Simulation-based

Simulation Type

System Level Evaluation

Dynamic Class

Semi Static model

System Model Considered

Other

Deviation compared to RC Baseline

Medium

T Model of environment: Urban Macro, SIMO 1x2

1 Spectrum Assumption: Carrier frequency 2 GHz.

System Bandwidth 10 MHz

1 Propagation model: 3GPP Spatial Channel Model

(SCM) Urban Macro, Correlated shadowing.

1 Deployment model: Hexagonal grid, 19 sites, 3 cells

per site, ISD 500m.

1 User distribution: uniform random, UE speed max 3

km/h.

9 Traffic model: full buffer traffic

Considered Legacy Solution

LTE radio interface but with 1x2 for these initial evaluations
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T3.2 TeC.10 - A system-level study on multi-user MIMO transmission for dense FDD
networks

Network-centric cluster topology, where the
cluster size is increasing by a full site, i.e. 3
sectors, in a step-wise analysis.

Main ldea

The need for cell densification leads to inter-cell
interference mitigation techniques known as
CoMP transmission and reception. In this work,
we start from the weighted sum-rate maximization
problem by evaluating the capacity of the
broadcast channel (BC). We employ non-linear
Dirty Paper Coding (DPC) on a cluster basis with
additional Co-Channel Interference (CCI) caused
from surrounding BSs. These results characterize
the capacity of the BC under cellular propagation
conditions. Subsequently, we summarize multi-
cell simulation results assuming linear precoding
and non-ideal clustering as well as user grouping.
For downlink precoding we compare the well-
studied limited feedback assumption, Zero
Forcing (ZF) beamforming for joint transmission
downlink CoMP and compare their resulting sum-
rates with the derived BC capacity

KPIs considered and Expected gain 1 Sum-data rate under evaluation

1 User data rate under evaluation
1 User outage probability under evaluation

Performance Evaluation Approach Simulation-based

Simulation Type | System Level

Dynamic Class | Semi-static

System Model Considered RC-baseline

Deviation compared to RC Baseline | Medium:

1 Model of environment: WINNER urban macro

1 Spectrum Assumption: 18 MHz bandwidth (100 RBs)
at a centre frequency of 2.68 GHz

1 Propagation model: Fast fading with QUADRIGA
100% NLOS

1 Deployment model: 3 BS per site in a hexagonal grid
with an ISD=500m without small cells

9 User distribution: uniform random

1 Traffic model: full buffer

Considered Legacy Solution CoMP in LTE-A
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T3.2 TeC.11 - Decentralized interference aware scheduling

Sig
W\lnt/f \

RX1

D2D communications with TDD
transmission

Main ldea

The work proposes a decentralized interference aware
scheduling approach, where TDD subframes are split into
a data phase and a beacon phase. During the beacon
phase, each data receiver transmits with a predefined
power a beacon message that contains three quantities
encoded into it: the received signal power, the received
interference + noise power and the perceived average
throughput. Each transmitter receives the beacon
messages from the surrounding receivers and uses this
information to infer the impact of its own scheduling
decisions to the neighbouring interference victims. In this
way the scheduling decision can improve the system level
utility instead of maximizing just the single link utility.

KPIs considered and Expected gain

Coverage: possibility to reach highly interfered users far
away from the transmitter (which are not reachable with
legacy solution). See Appendix C section 9.2.11..

Mean throughput: Expected Gain +5% (so no loss due to the
distributed D2D approach)

Performance Evaluation Approach

Simulation-based

Simulation Type

System level evaluation

Dynamic Class

Semi-static

System Model Considered

Other from RC baseline

Deviation compared to RC Baseline

Not Applicable. D2D communication scenario not yet
implemented. To emulate D2D, where transmission is not
necessarily directed to the closest receiver, an indoor
scenario is used, where UEs are served by the BS that
belongs to the same closed subscriber groups (CSG), which
may not be the closest BS. System parameters are:

1 SISO transmission

1 (extended) WINNER2 Al scenario. 2 floors, 4
buildings, 4 BS per floor; 3 UEs per BS on average
Frequency selective fading as in WINNER2 Al
Closed subscriber groups :2 CSGs per floor, 2 BS
per CSG per floor
Full buffer traffic model
TDD system, 24MHz bandwidth, subframe 1ms. For
DIAS: split into 0.9ms data and 0.1ms beacon phase.
For conventional Proportional Fair (PF): 1ms data

f
f

f
f

Considered Legacy Solution

Non interference aware Proportional Fair scheduling in BS

METIS

Public 36




Document: FP7-ICT-317669-METIS/D3.2

e
e Date: 23/04/2014 Security:  Public
\:_j Status: Final Version: 1

T3.2 TeC.12 7 Network-assisted interference suppressing/cancelling receivers and
ultra-dense networks

Main Idea

The work proposes the introduction of
network assistance (NA) to further
enhance the co-channel inter- and intra-
cell interference mitigation ability of UE
receivers.

Network assistance, in forms of
interference signal parameter signalling
and/or network side transmission
coordination, should improve the

——> Signal N _// interference estimation accuracy and
-===» Interference consequently the interference
— —— Network assistance suppression and cancellation (IS/IC)

performance  of NA-enabled UE
receivers. The improved interference
robustness, in terms of higher effective
post-IS/IC SINR, enables higher user
throughput / network capacity and
increased spectral-efficiency in co-
channel interference limited networks.

KPIs considered and Expected gain I Obtained simulation results indicate SINR gain, over
that of the non-NA baseline receiver, ranging from
0.5 dB up to 3 dB for E-LMMSE-IRC, depending
significantly on the interference profile studied.
Furthermore, for specific high INR interference
profiles SLIC showed up to 1.5 dB gains over E-
LMMSE-IRC. In case of L-CWIC, with low aggressor
MCS#, even more sizeable gains in specific
interference scenarios are possible.

Performance Evaluation Approach Simulation-based

Simulation Type | Multi-link level evaluation

Dynamic Class | Semi-static model

System Model Considered Other

Deviation compared to RC Baseline | Not Applicable. Current analysis performed on link-level.

Considered Legacy Solution Rel-11 IS LMMSE-IRC receiver operation (without NA)
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T3.2 TeC.13 7 Interference mitigation based on JT CoMP and massive MIMO

small cells

Interference floor shaping

Target scenario for inclusion for massive MIMO
and small cells into interference mitigation
framework. Interference floor shaping decouples
cooperation areas allowing for extended multi-link

optimizations.

Massive MIMO

Main ldea

Starting from a 4x2 MIMO scenario comprising 9
cells forming a single cooperation area the
number of TX antennas is gradually increased to
analyse the according performance gains. Focus
is on residual inter-cell interference for realistic
number of antenna elements and the best to
leverage the potential of the extra antennas. The
goal is to exploit installed base station and
installed hardware as far as possible. This has to
be compared to a pure massive MIMO strategy,
with  strong over-provisioning of antenna
elements, with according potential issues for cost
and size of the antenna arrays.

KPIs considered and Expected gain

1 Spectral efficiency: Expected Gain > 100% to ideally
factor of 10 over LTE Release 8

I Capacity gain: factor of 10 to 100 with increasing
number of small cells

Performance Evaluation Approach

Simulations / partly Analytical

Simulation Type

Extended link or multi-link level simulations for single cells
and single cooperation areas comprising typically three to
nine cells

Dynamic Class

Nomadic users

System Model Considered

a) Building vector data map for Munich NSN campus
b) 3GPP case 1, 2.6GHz, only outdoor users

Deviation compared to RC Baseline

1 Model of environment: wide area outdoor

1 Spectrum Assumptions: 2.6GHz

1 Propagation model: 3GPP case 1/ ray-tracing
1

Deployment model: Wide Area only as well as in
combination with small cells

User/Device Distribution: uniform

=

Traffic model: full buffer

Considered Legacy Solution

LTE Release 11 as baseline assumption with extensions for
supported number of antenna elements (>8x8), extra
reporting of CSI, novel concepts for Broadcast Channel
(BCH) and control signal broadcasting, novel concepts for
channel estimation
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T3.2 TeC.14 - Joint dynamic clustering and coordinated scheduling for relaying with
physical layer network coding

Main Idea

The aim is to jointly form clusters and
schedule users in a dynamic way in a TDD
system with MIMO-NC relaying to mitigate
the interference introduced by reversed
mode of operation of relayed UEs.

KPIs considered and Expected gain

1 Cell throughput: Under investigation
1 User throughput: Under investigation
1 Spectral efficiency: Under investigation

Performance Evaluation Approach

Simulation-based

Simulation Type

System level evaluation

Dynamic Class

Semi-static model

System Model Considered

Other

Seven macro sites (3 cells per site) with hexagonal
layout with wrap-around. UEs are randomly deployed
per drop. 1 to 12 relays per cell.

Deviation compared to RC Baseline

Model of environment - Urban macro area

I Spectrum Assumptions - frequencies up to 6
GHz

1 Propagation mode - WINNER+ propagation
model

1 Deployment model T hexagonal grid with 7
macro sites (21 BSs) and 1 to12 Relay Nodes
(RNSs) per cell

9 User/Device Distribution - uniform

Traffic model i full buffer

Considered Legacy Solution

The existing 3GPP LTE system (Rel-10/11) with a
reasonable density of access points (eNB, Relay,
HeNB/WiFi) and certain specified Radio Resource
Management (RRM) schemes (e.g., proportional fair
scheduling, partial frequency reuse, elCIC) can be
considered as legacy networks.
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