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Executive Summary

This Report summarises the contribution of the BuNGee project to standardisation in ETSI BRAN and IEEE
802.16n and justifies the lack of contributions to ETSI TM4 and 3GPP.

BuNGee had an overwhelming contribution to ETSI standardisation, as the entire ETSI TR 101 534 was
drafted based solely on the contributions submitted by the BuNGee partners and reflecting the BuNGee
research results. In addition, a substantial contribution has been made to the ETSI draft TR 101 589.

BuNGee standardisation in ETSI confirms the conclusions of the “Report of the Future Networks”, 7th FP7
Concertation Plenary Meeting, Brussels, 10 February 2011, showing that even STREP projects can bring a
substantial contribution to the ETSI standardisation.

In WiMAX Forum, BuNGee members contributed to definitions of WiMAX technology Road Map, introducing
some of the concepts and features developed in BuNGee.

BuNGee has also contributed to IEEE 802.16n, however the proposals were not accepted for inclusion in the
IEEE 802.16n standard.
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3GPP 3rd Generation Partnership Project

ABS Access BS

ART Above Roof Top

BRAN Broadband Radio Access Networks

BS Base Station

BuNGee Beyond Next Generation Mobile Broadband
ETSI European Telecommunications Standards Institute
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RRM Radio Resource Management
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1 Introduction

Based on the Description of Work, our project has committed to ETSI standardisation and in addition to IEEE
802.16, WiMax Forum and/or LTE-Advanced standardisation.

The main BuNGee target for standardization activities was considered ETSI, as the most appropriate
standardization body for the “looking forward” projects. The initial ETSI standardisation had three targets:

e Architecture standardisation (BRAN);

e Protocol standardisation (BRAN);

e Multi-beam antenna standardisation (TM4).

We started the ETSI BRAN standardisation in Sept. 2010 (M9) and continued during the entire project life,
until June 2012. During this period of time we have finalized an entire ETSI standard on BuNGee
architecture (TR 101 534) and we have achieved an approved draft covering BuNGee protocols (TR 101
589). This Report provides detailed information on the standardisation process of BuUNGee results.

Regarding the ETSI TM4 standardisation envisaged by the initial plans, after the in-depth technical analysis
of the existing EN 302 326-3, it appeared that the BuNGee multi-beam antenna is already supported by this
standard, such that no additional standardisation was needed.

We have contributed to IEEE 802.16 with one contribution.

In WiMAX Forum (WMF), BuNGee submitted the contributions for WiMAX technology Road Map, introducing
the BuNGee-essential technical topics as described in Section 4.

In LTE, we did not find appropriate Work ltems for Rel.10 and Rel.11. The detailed explanation is provided in
Section 5.

In this Report we provide detailed information on those ETSI BRAN and WiMAX documents which are not
visible to non-members by inserting their text into Annexes. Such documents are the support presentations
for the opening of new Work Items in ETSI BRAN and the WIMAX contribution outline. We note that the
published TR 101 534 is freely downloadable, as indicated in Section 2.
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2 ETSI BRAN Standardisation

Our main ETSI standardisation efforts were focused on BRAN activities. We have opened two Work Items.
Their content and drafting activities are described below.

2.1 TR 101 354

2.1.1 New Work Item adoption

At the BRAN meeting #64 from Oct. 2010, Alvarion submitted the documents:

o BRAN(10)0062r1, New Work ltem proposal for “Very high capacity density BWA networks: System
architecture, economic model, technical requirements”, see Annex 1 for its Summary. The supporting
companies were: Alvarion, Thales, Polska Telefonia Cyfrowa, Siklu, CTTC. The Rapporteur of the work
Item, based on Alvarion proposal, was Mariana Goldhamer.

e  Supporting presentation BRAN(10)0075r1 , which is included in Annex 5.

The main elements of the BuNGee architecture can be recognized in both the work ltem description and the
supporting presentation, as reflected in D1.2. These are:

o Two tier deployment, the first tier (backhauling network) using a very high capacity hub, while the second
tier (access network) providing broadband access to the mobile terminals;

e Using both in-band and out-of-band backhauling in the first tier; the out-of-band backhauling may use the
license-exempt spectrum, including the 60GHz band;

e Collaborative technologies at Base station:

e Support for collaborative (network) MIMO techniques, through BS-BS and MS-MS direct
communication;

e Radio resource “sharing” between ABSs;
¢ Joint backhaul — access design.
In addition, it was emphasized the energy and cost efficiency of this architecture.

In its plenary meeting from 8 Oct. 2010, TC (Technical Committee) BRAN has adopted the New Work Item.
No objection was raised in ETSI, such that the NWI was adopted in ETSI after one month.

2.1.2 The first contribution to TR 101 354

In the December 2010 BRAN meeting, the first contribution (BRAN(10)0086r2) was submitted by Mariana
Goldhamer, in the name of the ETSI members active in BuNGee: Alvarion, Thales, Polska Telefonia
Cyfrowa, Siklu, CTTC.

This first contribution included the following technical elements:

 Architecture for 1 Gbit/s/km? network, including the following features:
1. Multiple access links aggregation;
2. Backhauling link aggregation;
3. Network MIMO (for Downlink and Uplink);
4. Direct BS-BS or MS-MS communication.

The proposed system architecture was relevant to BuNGee D1.2:
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<+— 60GHz link
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Figure 2-1: Basic architecture

At the top level of the architecture, Hub Base Stations (HBSs) are directly connected to the wired backhaul. If
in some cases a wired link could not be provided, this link may be replaced by a LE wireless high capacity
link.

The text included a detailed description of the system architecture and provided a figure of the network
architecture and its description.

A special section was dedicated to the user and business requirements, as identified in BuNGee D1.1 and
D1.2 and pertinent to user and business needs.

Another section was dedicated to the in-band backhauling wireless network.

o The identified technical and business requirements pertinent to the in-band backhauling wireless
network were used.

¢ In continuation, the Economic Requirements were addressed, while taking into account the spectrum
license fees, site related costs, network equipment costs.

The contribution was presented and discussed in ETSI BRAN HiperMAN. It was approved as the first draft of
TR 101 534 with some editorial changes made at the meeting.

No objection was raised in ETSI, such that the NWI was adopted in ETSI after one month.

2.1.3 The second contributionto TR 101 534

The second contribution was prepared by Mariana Goldhamer and was discussed, modified and approved
by BuNGee. The contribution was submitted to the BRAN#68 meeting, taking place in Sept. 2011, as
BRAN(11)0046, authored by THALES, Polska Telefonia Cyfrowa, ALVARION S.R.L., Siklu Communication
Ltd., CTTC.

This contribution includes the following elements:

e The improved system architecture figure, relevant to D3.1;

e Characteristics of the multi-beam antenna;

o Extensive text on multi-beam assisted MIMO, relevant to D1.2, and including:
e Anoverview;
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e  Up-link and down-link multi-beam assisted MIMO operation in licensed bands;
¢ Network MIMO operation in uplink and downlink;
e Hybrid MIMO operation in uplink and downlink.
o Extensive text on Radio Resource management, relevant to D3.1 and including:
e Dynamic frequency allocation;
Self-organizing frequency allocation;
Cognitive band frequency allocation;
RRM for joint access and self-backhaul networks;
¢ Joint access and self-backhauling.

The contribution was presented and discussed in ETSI BRAN HiperMAN and was accepted as the second
draft of TR 101 534.

2.1.4 The third contribution to TR 101 534

The third contribution was prepared by Mariana Goldhamer and was discussed, modified and approved by
BuNGee. The contribution was submitted to the BRAN#69 meeting, taking place in Dec. 2011, as
BRAN(11)0061, authored by Polska Telefonia Cyfrowa, ALVARION S.R.L., Siklu Communication Ltd.,
CTTC.

It included the following new elements:

e The system network figure and the corresponding description were replaced, such to give a neutral view
of the actual networking interfaces;

o Detailed deployment approaches were introduced, using the materials from D3.1 and D1.2 for the
square and cross topologies;

e The figure with antenna characteristics was replaced by Cobham, to respond to specific ETSI requests;

e The CTTC capacity simulation results for the entire system were added, taking into account the joint
access and backhaul design, as presented in D3.1;

e The section of direct inter-BS communication, as presented in D1.2, was added;
e The capacity and spectrum calculations, as presented in D1.2, were added.

The contribution was presented and discussed in ETSI BRAN HiperMAN and was accepted as the third draft
of TR 101 534.

2.1.5 The fourth contribution to TR 101 534

The forth contribution was prepared by Mariana Goldhamer and was discussed and approved by BuNGee.
The contribution was submitted to the BRAN#70 meeting, taking place in Feb.2012, as BRAN(12)000013,
Consolidated text for TR 101 534 was authored by Thales, Polska Telefonia Cyfrowa, ALVARION S.R.L.,
Siklu Communication Ltd., CTTC.

The contribution provided the text, relevant for D1.3 (continuation of BuNGee D1.2 deliverable), the section
named “Time resource allocation” and addressed the spectrum sharing between the backhaul and access
tiers. In addition, the conclusion section was finalized. Because the meeting targeted the approval of the
standard, the contribution provided the appropriate editorial changes.

2.1.6 TR 101 354 approval for publication

The contribution BRAN(12)000013 was approved for publication, as the final draft of TR 101 534, by the
HiperMAN Working Group and afterwards by the BRAN Plenary.

It followed the interactions with the BRAN ETSI Officer and the editHelp staff, asking a small number of
clarifications. The answers were prepared by the ETSI Rapporteur (Mariana Goldhamer) in collaboration with
CTTC.

Finally, the Rapporteur announced that the standard had been published on March 26, 2012.
The standard can be downloaded here.
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2.2 TR 101 389

2.2.1 New Work ltem adoption

At the BRAN meeting #70 from Feb. 2012, the ETSI members, active in BuNGee, submitted the documents:

o BRAN(12)000011r1, New Work Item proposal for “Very high capacity density BWA networks: Protocols”,
see Annex 3 for its Summary. The supporting companies were: Alvarion, Thales, Polska Telefonia
Cyfrowa, Siklu, CTTC. The Rapporteur of the Work Item, based on Alvarion proposal, was Mariana
Goldhamer.

e Supporting presentation BRAN(12)000014r1 is included in Annex 6.

The main elements of the BuNGee architecture may be recognized in both the Work ltem description and the
supporting presentation, as reflected in D3.2. These are:

¢ RRM Functional Decomposition;

¢ Autonomous Distributed Cognitive Radio Frequency Assignment;
¢ Autonomous Distributed Dynamic Frequency Assignment;

e Learning and docition;

¢ Joint power and frequency control.

In the plenary meeting from 8 Oct. 2010, BRAN Technical Committee (TC) adopted the New Work Item
unanimously.

2.2.2 The first contribution to TR 101 389

In the June 2012 BRAN meeting #71, the contribution BRAN(12)000057 was submitted by Mariana
Goldhamer, in the name of the ETSI members active in BuNGee: Alvarion, Thales, Polska Telefonia
Cyfrowa, Siklu, CTTC.

This first contribution included the following technical elements:
Architecture for the underlying system;

Radio resource management;

RRM functional decomposition in system architecture;
Dynamic centralized frequency assignment;

Spectrum sensing based dynamic frequency assignment;
Learning based cognitive frequency assignment.

2 T

The following table shows the mapping between the ETSI contribution and the relevant sections of D3.1 and
D3.2:

Table 2-1: D3.1 and D3.2 mapping

BRAN contribution content BuNGee BuNGee D3.2 relevance
D3.1

relevance
5.1 Architecture for the underlying system | Introduction
5.2 Radio Resource Management 2. Radio Resource Management
5.3 RRM Functional Decomposition in 2.1 RRM Functional Decomposition in
system architecture BuNGee architecture
6.1 Dynamic Centralized Frequency 2.2.1  Dynamic Centralized Frequency
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Assignment Assignment
6.2.1  Spectrum Sensing based Dynamic 2.2.2.1 Spectrum Sensing based Dynamic
Frequency Assignment Frequency Assignment
6.2.2 Learning based Cognitive Dynamic 2222 Learning based Cognitive
Frequency Assignment Dynamic Frequency Assignment

2223

Control Primitives for
Cognitive Dynamic Frequency Assignment

6.3 Cognitive and Docitive RRM

2.3 Cognitive and Docitive RRM

2.3 ETSI TM4 standardisation

Initially it was considered that the novel multi-beam antenna will require dedicated standardisation work in
ETSI TM4. However it was assessed that the existing EN 302 326-3 already includes the necessary
parameters allowing the type-approval of the multi-beam antenna.

The mapping of the multi-beam antenna parameters, as specified for the BuNGee project, with EN 302 326-

3 is shown

Table 2-2:

in the following section.

Multi-beam antenna parameters mapping to EN 302 326-3
Parameter Value Specified Relevant section
in EN 302 326-3
Frequency 3.4-3.6 GHz Table 1,
4.4.3.1
Gain 18.5 dBi min target for any 454
of the 6 beams
Polarisation Dual slant 45° N.A.
Cross Polar/Axial ratio 15 dB min Table 18
Azimuth HPBW C15° for each of the 6 Producer
beams declaration
Elevation HPBW co’ Producer
declaration
Radiation pattern envelope 12dB sidelobes min for each Table 17
of the 6 beams
Electrical tilt 2° downtilt 422
Front to back N/S, 30 dB target Table 17
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VSWR (maximum) N/S, 2:1 target N.A.
DC grounding Y N N.A.
Isolation N/S, 15 dB min target N.A.

In continuation, some basic explanations regarding this antenna are given:
e Each individual azimuthal beam is produced by a beam-forming network connected to the antenna array.

e The beams are spaced at intervals of 22.5° apart; each of the 6 inputs to the beam-forming network
provides a unique combination of amplitude and phase inputs to the antenna array, producing the 6
beams.

e Gain and sidelobe levels are a function of pointing angle and will vary across the 90° sector of the whole
antenna.

2.3.1 Radiation Patterns of the Complete Array

The overlaid plots below show the performance of a 90° assembly for one polarisation; the gain shown
includes losses in the beam-forming network and phase-matched cables. From the graph the handover at
the 3dB points can be seen, giving the total beam coverage of 90° in azimuth.

20 -
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Figure 2-2: Graph showing overlaid beams from -37.5° to + 37.5° over a 90° spread

2.3.2 The Beam-forming Assembly

The beam-forming network is laid out to a standard passive Butler matrix design. Two are used with each
antenna, one for each polarisation, connected to the antenna input ports with phase matched cables. Each
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beam-former is able to feed the 8 antenna inputs to create the six, high gain, narrow azimuth beam patterns
across a 90° arc in azimuth; the 15° wide beam centres occurring at +/- 37.5°, +/- 22.5" and +/- 7.5°. The
“handover” between beams occurs at the Half Power points thus providing continuity of coverage across the
90 arc of each antenna.

3 |EEE standardisation

At the IEEE 802.16 meeting from January 2011, the contribution IEEE C802.16n-10/0068r1, “Proposal
for 802.16n architecture with path and frequency resilience” was submitted by Alvarion and Thales.

This contribution proposed a new resilient architecture based on the subscriber-to-subscriber direct
communication developed in D2.1 section 5.4. In addition, the solutions were proposed using the frequency
allocation agility, as developed for multi-beam frequency allocation in D1.2 section 8 and D1.3 section 3.

The meeting discussed the solutions presented by us and Samsung + ETRI. Finally, the Samsung solution,
based on the multi-hop relay connectivity, was preferred.

4 WiMAX Forum (WMF) standardization

In the WIMAX Forum (WMF), Alvarion, on behalf of BuNGee, submitted the contribution [13] for WiMAX
technology Road Map, introducing the BuNGee-essential technical topics — such as:

e License Exempt Operations (introducing operations of WiMAX network at license exempt frequency
channels);

¢ Notion of deployment models with fixed beams antennas, such as BuNGee-specific multi-beam antenna
providing aggressive frequency reuse (for high-capacity Fixed/ Backhauling Broadband Wireless Access
Networks using multi-beam antennas);

o Establishing new activity related to Heterogeneous RAN Network deployments (HetNets);
e Proposing enhancements for In-band backhauling / Wireless Relays concepts;
e Formalizing Self-Organizing Networks concepts and features (as developed in BuNGee).

The contribution outline is presented in the Annex 7.

This contribution and the supporting presentation were presented in the WMF Technical Coordination
Committee (TCC) and in the Technical Working Group (TWG).

Finally, WMF adapted Heterogeneous Networks (HetNets) as the Work Item for future WiMAX Releases.

5 LTE advanced standardisation

There were a number of issues that influenced the decision regarding the submission of BuNGee
contributions to 3GPP standardisation, due to the content and the timing of 3GPP work, such as:

1. CoMP Study Item for Release 10: BuNGee has different channel models and a different deployment
topology relative to those considered in 3GPP, based on TR 36. 814.

2. Direct communication: the relevant RAN study items will be approved for Release 12, starting in Q4-
2012, after the end of the BuNGee project.

3. Use of BuNGee multi-beam antenna: LTE-Advanced supports max. 8 beams, instead of 12 provided
by this antenna.

4. Small cell deployment: a topic to be addressed by 3GPP in Release 12; the Study ltem will be
finalized in the RAN meeting taking place in September 2012.
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6 Conclusions

BuNGee had an overwhelming contribution to ETSI standardisation, as the entire ETSI TR 101 534 was
drafted based solely on the contributions submitted by the BuNGee partners. In addition, a substantial
contribution was made to ETSI draft TR 101 589.

The BuNGee standardisation in ETSI confirms the conclusions of the Future Networks: Report of the Future
Networks 7th FP7 Concertation Plenary Meeting, Brussels, 10 February 2011, showing that even STREP
projects can bring a substantial contribution to standardisation.

We have found, based on a serious technical assessment, that there was no need for the TM4
standardisation, as the multi-beam antenna developed in BuNGee is already covered by ETSI type-
compliance standards.

BuNGee also contributed to IEEE 802.16n, however the proposals were not accepted for inclusion in the
IEEE 802.16n standard.

BuNGee members contributed in the WiIMAX Forum to the WiMAX technology Road Map, introducing a

number of BuNGee-essential technical topics, one of which, Heterogeneous Networks (HetNet) concept,
was adapted as the Work Item for future WiMAX standardization releases.
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Annex 1: Work Item on Architecture
Below is reproduced the Work Item content as appears in the ETSI database.
Simple Search | Advanced Search | Pre-Defined Reports | Help
Details of 'DTR/BRAN-0040008' Work ltem
e .,:qlf,//?’ ‘\—\)\\\ Download
WA I Standard
DTR/BRAN-0040008 TR 101 534 BRAN @
icatio =03- 1.1.1 2012-03-26 2010-10-06
Mariana Goldhamer 6 Martin Arndt a No

Broadband Radio Access Networks (BRAN); Very high capacity density BWA networks; System
Title architecture, economic model and derivation of technical requirements
1 Gig architecture

To address the architecture, the economic model and the requirements for a BWA system, proving
1Gb/s/km2, using 40MHz of licensed spectrum and including selfbackhauling in both licensed and
urdicensed bands, network MIMO, cognitive-radio based self-organization, etc.

Scope and Field
of Application

Supporting

s THALES, Polska Telefonia Cyfrowa, ALVARION S.R.L., Siklu Communication Ltd., CTTC
Organizations
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Annex 2: Cover of the published TR 101 534 standard

Below is reproduced the cover page of the ETSI standard TR 101 534.

ETS| TR 101 534 vi1.1 (2012-03)

& S—

Technical ReEort

Broadband Radio Access Networks (BRAN);
Very high capacity density BWA networks;
System architecture, economic model and

derivation of technical requirements
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Annex 3: Work ltem on Protocols
Below is reproduced the Work Item content as appears in the ETSI database.
Details of 'DTR/BRAN-0040009' Work Item
22 WSS
13 ﬂ‘l/’/’/ BN Standard Not
\. Ready For
' Download
DTR/BRAN-0040009 TR 101 589 BRAN
Early draft (2012-06-07) 0.1.0 2012-02-09
Mariana Goldhamer a Martin Arndt [= No
Title Broadband Radio Access Networks (BRAN); Very high capacity density BWA networks; Protocols
1Gig protocols
Scope and Field To describe the specific protocols for a system, providing 1Gb/s/km2, including self-backhauling in
of Application both licensed and license-exempt bands, cognitive-radio based self-organization, etc.
Supporting

e THALES, Polska Telefonia Cyfrowa, ALVARION S.R.L., Siklu Communication Ltd., CTTC
Organizations
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Annex 4: Cover of the ETSI draft TR 101 589

Below is reproduced the cover page of the ETSI draft standard TR 101 589.

ETS| TR 101 589 vo.1.0 (2012-06)

'Ers:/f — N
)}

Broadband Radio Access Networks (BRAN);
Very high capacity density BWA networks;
Protocols
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Annex 5: Supporting Presentation for the First WI Adoption

Below is reproduced the content of the supporting presentation for the first Wl adoption in Oct. 2010 BRAN
meeting.

Ers((C—) World Class Standards Ers((C—) World Class Standards
High-Capacity 4G Mobile Network that is
Cost, Spectrum and Energy Efficient

- = = 0 Capacity: 1Gb/s’km2in dense urban deployment
very hlgh capaclty densny BWA networks > One order of magnitude higherthan existing deployments
= Existing limitations
+ Very high speed backhaul
« availability st ANY location is problematic
O Reduced costs
* Lower infrastructure cost
- Architecture and de ployment approach
* Mo needior Fiber conne ction to each Base Station
« No needfor rooktop leasing
» Lower spectrum cost
+ Only 40MHz TDD lice nsed spe ctrum (lower cost as compared with FDD)
+ Use of License-Exempt spectrum for access and backhauling
> Lowern'nnager‘rem costs
- Self-organizingnetw orks

Mariana Goldhamer

6-8 October 2010 | Sophia Antipols Aarion
© ETSI 2007_All rights resaned

L = |
S E—) World Class Standards Es(—) World Class Standards
Contents Spectrum and Energy efficiency
O User and business requirements for very high capacity
networks 1 Spectrum efficiency
0 Technological elements » Itis importantin any bands, but it is critical in licensed bands
O New network architecture + 3G spectrum actions:up to 600 Mil.Euro for 15MHz FOD

« At the end, the user pays the cost

O Economic model + Aggressive spectrum reuse factors in licensed bands

O Technical requirements » Increased MIMO efficiency due to multi-beam assisted MIMO
+ Critical for self-backhaul link in 26/3.5GHz

O Mote: this presentation is based on the BuNGeeappruach BuNGee.':as - Cocpml‘mf\;?“ [»1\MOtechnologiesincreasing the cell-edge

received funding from the European Ct k spectral efficlency

Programme (FP7/2007-2013) under grant agreemem n°248257 a Energ\; eﬁicienc‘;

F http://www.ict-bungee.eu ~ Reduced energy consumption as compared with roof-top BSs
e -
L 2l L " |

P —

HED World Class Standards Ers((C—)) World Class Standards
Main user requirements Radio Network Architecture

O Cost efficiency A Very high capacity self-backhauling using

0 Spectrum efficiency fsrlg'u.:lléiré?gsusly Licensed and Licensed Exempt

0 Energy efficiency q

# Licensed: 2.6GHz, 3.5GHz, etc.
# License-Exempt: 5GHz({P-MP or P-P), 80GHz (POINT-1t0-POINT)
O Hub Base Station: Enabler of cooperative technologies
» Cooperative DL MIMO between regular access Base Stations
» Cooperative RRM (Radio Resource Management)
O Femto BS operating in LE bands
» Capacity pumpingintosystem
+ Regularinternet connection for Nomadic users

. Avoidingme interference problems with Femto BS operating in
Licensed spectrum

+ Frequencies:5GHz, in future TV White Spaces
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ETSI(C—) World Class Standards m({"?) o | : Waqrld Class Standards

L _ ) ¢ 3gnltlve Radio and Nefwork

Radio Network Architecture - cont Technologies for Reduced Management

3 Pico BSs

» For improved coverage in radio holes 0 Basis for a self-organizing network based on Cognitive
O Mobile Station Radio

» Enabler of cooperative MIMO, by inter-MS communication O Examples of cognitive elements

ultiple simultaneous + Operation per network element (modulation& coding, SINR, MIMO

» High DL and UL throughputenabled
co%nm:m)ns to Accvsg BS and Ff.-mu?YB‘.:'-
O Direct communication
» BS-BS, MS-MS
» Enabler of network MIMO + Performance of interference avoidance algorithms for each network
» Enabler of a number of vertical applications _ element
0 Radio Resource Management
~ Algorithmsand protocols
« Maximization of the system capacity
« Joint access and backhaul network optimization

matrix, atc.

+ Capacity and QoS (requested and achieved)

. Eha;nelavailabllity.inciudingpmntialoperalionchannelsir| LE
ands

when the same is used for both
n « Interference control protocols, at medium access and network levels
« Radio resource assignment, including frequ ych I
| S o L g c

) World Class Standards “’{((((—)))‘ _ World Class Standards
Innovative Usage of Licensed, Unlicensed

Radio Network Architecture - example <
P and Unused Radio Spectrum

O Market limitation: 40MHz licensed spectrum
O For comparison: IMT-Advanced spectrum request in
ITU-R Report M.2078

TABLE 26
Ranges of predicied spectrum vequirements (MIz)

7 Tower user desnilguarket development

Inework | 2meiworks | 3werworks | 4 meiworks | S merworks
(vew Note 3) | (see Note 1) | (see Note 1) | (vee Note 1) | (v Note 1)
RATG 1 ivee Note 1) SO0 ¥ 40 1120 1 000
RATG | + RATG 2 1 280 1 440 | 560 1920 2 000
o o o 1
L = L
— e
World Class Standards ETS|(C—y)) World Class Standards

e (&)
(@operatlve Technologies at
Base Station

Economic model

O Comparison of HSDPA+, over roof-top and Bungee,
below roof-top

O MIMO operation » As calculated in BuNGee dellverable D1.1 per one km2
» HBS - Hub for Control and Data traffic — essential architecture i .
enabler of cooperation between ABSs O BuNGee experler_we. most important influencing
» ABS: virtual MIMO network factors for reducing costs

« Synchronization of DL MIMO operation

+ MMO operation

0 Radio resource “sharing” between ABSs = - il LFCA Mworth
» One ABS can release radio resource in licensed spectrum HSDPA+, optical fibre backhauing 2983500 € 63,507 €

+ Tratfic characteristics HSDPA+, microwave backhauling 2777500€ 89687 €

3 L= oparstion prassie BuNGao 1,567,000 € 2, 240€
0 Joint backhaul — access design : bl
Q In-band Control Channel, connecting the HBS and

ABSs
o WG HM Executive Summary {12]

| S <l L
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ﬂ’{(([%}]ﬁ‘ World Class Standards

Energy efficiency

1 BuNGee solution reduces the energy consumption 3..5
times

1 For one km2, according to D1.1:
~ >20KkW for BuNGee
» T4-100kW for classical solutions

ns{((f%}fﬁ‘ World Class Standards

Technical requirements

O To be detailed during the TR development
[ The main elements will be provided by BuNGee
experience
= SupportingWI companies

"’{((f%;)h\ World Class Standards

Conclusion

1 The NWI will bring in ETSI a competitive technology
» Standardization is needed for involving the European industry

= The supporting companies have an outstanding
standardization experience

~ A TR is the first step for definingthis very high capacity
system
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Annex 6: Supporting Presentation for the Protocols WI Adoption

Network architecture

ETSI77Z \\\
\ Y

World Class Standards

Protocols for WBA providing 1Gb/s/km?

Thales, Polska Telefonia Cyfrovka, Alvarion, CTTC, Siklu

Presented by Mariana Goldhamer

Autonomous primary and secondary . -

7 Y
frequency channel selection N 7’--"",

@ Algorithm

Contents ET‘-"“%“

©® RRM Functional Decomposition

* Autonomous Distributed Cognitive Radio Frequency
Assignment

© Autonomous Distributed Dynamic Frequency
Assignment

© Learning and docition

@ Joint power and frequency control
© Network MIMO
@ Conclusions

Frequency allocation i ()

@ Frequency allocation

Taminli rarien
Data base knswlhedze
« List of axisting stanors
- Nodes avalsble channels Idensification of specfic chemel
- Theoughgnis fequare ments chaniels aliowed e thic nods whnch
andudeh) we less shaned with other nodes)

Alocation of requirsd channel to the sede
i twa stadands chann] e requied. the
et allecssien phase will be Sszarded

ABocahon snd
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Autonomous Distributed Dynamic Frequgpg;?[

. . . ETSI {_
Information flow for ABS insertion () ————

o — @ Learning based

) RE et B

Examples of protocol primitives ‘”{Q ) Primitives example ETS|( )
=== |RRME_Info_Reg [Wemerem  [TransmissionREQ |
[ Momagepwpess | Lalbinad
m Trigggueed bry the conts s ed AR £ m When sther & acwnbnk lmh—m—hn-“

[Owtioation W in i

D
1T
ll;D Do i b - of B bty e e
e S § EmimmmE
o
e i
T T — " A — @ Used i Trassmission_REQ) st from ARS 15 HES Lo excharge laring information

Iorghts of sbchares] betmesn A snd i
P

O Subcanneh B usd 1 netfy MK of the sailbe widesels buded
ﬂRME_InfD_l‘SD “ Tramamivion_REQ messge wnt bum HIS 1o ARS (MI5) and smtains (D0 of the
LI

Dvoars, ohe ruatd miormaticn (iuh e dephopment and capecity infrmation) 1= the cestraboed

RAE
w Triig e by o bt e s (BRI ok Sl

Camtain Ak depinyment ipecifibis (P lcation anturns tyge md sy
drwetionl

W i
Fars inclc stion prosiding T code of the commpondey aira cene.

_ ETSI__S) ETSIC__S)
Examples of protocol primitives - cont W ¥ Flow diagram of learning and docition procedures'. 2~

[Mese@mame  |RRM _Insertion_Reg

I I Mot o & v i e i D scoes stk
Trigared by the v sode station scetion

iir

L

L N Cotrakind Rt £

W —— EETTE—T—T

LS M T e of the B node

w - mmmmulmnm1mun-mhm
ek as

o T——T————— - mﬂmhmumnm
whentnaton ard gosibly o ovideg other securily seans (seh a5 mesege
gy by g ctuct k. and (1 s pradbation]

[Wessmm | RRM _insertion_Ack
250 e ey

[ "= e
L — St ol e
LT M T ot a1 g by M1
= il
[-] Tacdo cosfguralion seea et o be aed by Be sleBo % ncae e 6 of e
b o] mprsatn el pvalalie b (om0 sagnireet
T T—
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Docition procedure (&) Examples of primitives ETSI ()
HBS
m
I___..'UZE— Hh-wm oy the Al
_w’n  oF ko v
[scha n st (o indete the sew wb-chanssl n s
Abe. shact e e sy
G reuott cocon e |Pammack __________]
n:g’m;‘g [ Sweageownoe | Hmﬂm'ﬁmm

4 s e e
T Wo
_ Mo s reguired
4. Docton ACK o
Examples of primitives ETS((C—)) Network MIMO - Option 1 ETS|(C—)
e=ser=  [DoctionREQ ] . )
l:—_r._:..-_.m--d:‘-_-ru- e © HBS transmits/receives data to/from two ABSs
ET T R /14 sty o AR
T ¢ sraiy i Hob BS
— T
e | " [ e P np—
Il -
Joint power and frequency control
P i aalld | ETsI (L) Network MIMO-Option 2 e

© HBS transmits/receives data to/from one ABS

B A e [— A -
/"""_ i S
ANAP [ | W) ' ""‘--.' [_i]
A "'.‘;,"..‘r
e e r_ —1
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N-MIMO Primitive examples

| Cooperation trigger report

m*pquu mmmmmm—mmmmmuw

cooperss =

RRM entityin AZS
Remote RRM extity (= g H55 ARMY

List of Information Bements

Desaiption
Tecnology-spedtic MS or UE sentity

The identity ofthe NE* Serving ABS station.

* St cooperstion,
+  Modity coopermtion, or
- ferminats coopertion.

o The list of potential Cocperating B55 2= per ME scanning report avaitable.
in ABS. Must be included in Cooperation THgzer Rort message with Bvent
Incicator set to eitherstart or modity.

o Senving ABS scheculing info for the WE in the next period. Used by HES
and potential cocpersting 855 to perform MS' transmission strength
estimation on UL

s‘r:s{gt. _ \'\\\.

BUNGEE 248267
09 JULY 2012

N-MIMO Primitive examples - cont

_ Cooperation trigger ACK

Provides the cooperstion svent notification — either cooperstion start modify or
terminate.
ity of an AES itions for coopenat changz

RAM entity in AES
Remote RRM entity jz.5, HES RAM]
Lizt of Information Blements

n -specific M5 o LE Icentity
M The igemityorme M Serving ABS station.
= - - =

*  Terminate cooperstion.

0 Thelist of potential stsle in A5
Must be indlisded in Cooperstion THgger Rprt meszage with Event indicator set
10 eitherstart or modify.

©  Serving AES scheculing info for the M in the next period. Used oy HES and
potentisl cooperating B5: o perform ME' transmission srength estimation on
w

s‘r:s{gt. _ \'\\\.

N-MIMO Primitive examples - cont ~ ETS![C

—— Channel estimation request

Mezoge prpose Frovides the cooperation event notiécation — either cooperation start, madiy or
tenminate

T = RN RRM entity of an ASS

FRM entityin AZS
Remte RRM entity |e.g. HB5 RRM|

List of information Bements
Desziption
Technology-spedifichis ar LE Icentity
The identity of the M5’ Serving ABS station.

The list of potential Cooperting BS: es per MG sanning report
mveitable in ABS. Must be induded in Cooperation Tigger Rprt
meszage with Event indicator st to either start or modify.

‘Serving ABS scheduling info for the MS in the next period. Used by
HES and potential woperating BSs to perform ME' transmission
‘strength estimation on LL

T
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N-MIMO Primitive examples - cont E"s‘!(‘; : E‘

[Messserame ——— |Channel estimation acknowledge

Wicssage purpase Provides the cooperstion event notifiction — either cocperation start, modify or
terminate.

RRM uniqinus
Remot= RAM entity (2 5. HBS REM)
List of Information Bements

MO Desgiption
M Technology-specificME or LE Icentity.
M identity of the RRM enity sencing the msporse and channel esimation
informaicn.
M Result oce of therequested aperstion:
*  Suesstu;
Failure.

o Ermor code for ion. Mandstory, if Resuit Co

o Information Dion induding AES-MS racio channel estimation parameters.
One of the “child™ Tivs maist be present.

st i perstion = “Sucessnar,
0 The esimatedsigral RS

O The estimatedsigral OINR

: ETSI(__))
Conclusions \ ()

® This presentation contains novel protocols,
targeting the operation of the system
described in draft TR 101534

* |tis proposed a NWI targeting the inclusion of
such protocols in a Technical Report

* The workis supported by 5 ETSI companies
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Annex 7: Contribution to WiMAX Forum

This contribution proposed introduction of BuNGee-essential technical topics as a part of WiMAX technology
Road Map.

WAAX Sarum Cowrmamn

WIMAX Forum™ Contribution P

1 Coyrigm Nomce. Use Remvictom Discisimer. sad Limitaton of Liswisey

ThE TUAAAT Fame ™ fang S 00 B RH SRS A0 RESE Lo SO BB UE STTNL SSSemint B B
RS maak i BEasd Sk vely 5 WA Foram mombor S c SToK ofTAEIsERg 8 WIAX.

WiMAX Forum Road Map ool alying e o g osarb e o A
SPEANIITON | FLLE IAE RPATERG A WA AEET B RS ROCREON O TRRIATER ot LAY Farae
: momacrtes
Alvarion Ltd. ot rakcan e i = B manice

agrect s e Seleveag eroraing mnsroar
THE DOCIMENT 15 FROVIDED "4A3 5™ A0 WITHOLT WARRLNTY OF oYY XD@. TO THE
EXTENT FERMITTED 3% DIELANMT ALL DT EIIL

LA™, THE WOMAX FORLM TATLIED
% < AND STATUTORY WANRANTIES, DNCLLDESG, WITHOLT LIMITATION, THE TMFLIED WARRANTES
Oleg Marischenca, Zeev Gross, Nir Haklai OF TITLE. ONTURISSEMEINT, MIRSHANTABRITY 4D FITNESS FOR 4 FARTICULAR FLRFOSE

THE WAMLX FORLM DOKS NOT WARRANT TIAT THI SBOCUMENT 15 COMPLEITE OR WITHOLT
ERROR AXD DIECLADMS ANY WARRLNTIS TO THE CONTRARY.

Bach WULIAX Foraw wimds resa o [
 comnamen wih B aiE B e e
“\rll- b sy e
somgianis gy s ve and £ megared
pemin o ane hmm-:mdmum«-mum ensczen.

NOTHING DN THE DOCLMENT CRIATES 00 WARRLTIS nmmt‘nm THE

AFTLICABILITY OR NOCAFTLICABILITY OF A0V SUCH La™3 OR BESLLATIONS O
SUITABILITY OR NOOCIUTTABRLITY OF ANV SUCH FRODUCT OR SIRVICT FOSLWI"A."\‘
nmEmeTTION.

NOTHDNG ¥ CREATES WHATSOEVER THE
SUTASILITY OR NON-SUTTABIITY OF 4 FRODUCT OR 4 SERVICE FOR CERTIICATION IODER
ANV CERTEICATION FROGRAM OF THE WOMAX FORLM OR ANV THID FARTY.

ach SILLAX Form mam s admerniedgertat e BILAAX Form. Ratner Brores gl ir wadt in mdipdens
i

Bea dacumcnt. T ol decumdd o of 27 -
ndiage undaiond ghes Egm Exh mimda xioenlidgs ARt
ey mgeRsiic fe wadcag & i Tansngy, EAnSIAL o

P -

s Taymens of a0 =
NOTHUING I¥ THE DOCUMENT CREATES AV OF TITLE OR
WITH RLSFLCT TO AV L or

TCORFORATED DNTO THE DOCTMENT.

N0 :\mmmn«uwm SR L0 MIMBIREL LLLELE TO AVY OTHER MEIVEIR

O TO 4 THIRD FARTY FOR ANV CLANM ARIING FROM OR BEELATTNC TO THE 13T OF TS
DOCLMENT, mmnmol:rmﬂwt;w THAT SUCH UST DFRINGLS & THIRD
FARTY'S DTELLECTLAL FROFERTY RICHTS OR THAT 1T FARLS TO COMILY WITH AFFLICARLE

LAWIOR RICLLATIOND BY U OF THE DOCUMINT, LACH MEIMELR W ANTI AV SUCH CLant
ASADST THE WOMAX FORIM AND ITS MEMELRS RELATING TO THE USE OF THI DOCUMENT.

The WULAX Feram. s PP
SEUALAX T TTIIMAX Ferum, © “WIAAX Comod " and “WELAX Serum Comifod me madomndar ofvhs WRLAX

‘, Pagedof 14 ‘.’

BRI Wy shis swchmology will be sceapied by e sonsiem 14
14 QUIKDELOVARLE XETWGRE(BS) 14
£4.]  Techuiza! Dessils 4
Contents 243 Wy this mohuology will be scoapied by the scoryasem F2d
1 GENERAL 3
2 LICENEE EXENPT OPERATIONS L]
21 TECIDACAL DETARS 3
212 WY TS TECINOLOGYWILL BEACCEPTEDEY THE KOSVITEM 3
13 PROTECTEDWIMAX FRUMOUTIUTS s
3 FIXEDBEAM ANTENNAS T
31 TecioacalDETams 7
32 WY THS TECHNOLOGYWILL BEACCEFTEDRY THE EEOSVITEM 7
33 PROECTEDWIMAX FRUMAUTIUTS
4 FEMTO DEPLOYMENT L
41 TEcacal DETARs s
42 Wiy TS TECRNOLOOYWILL BEACCEFTEDEY THE EOSVSTEM ]
43 ProrEcTEDWIMAX FinaumuTs g
3 HETERDGENECUS NETWORKS (HETNETE) L
51 TECIDACAL DETARS:GENERAL ]
21!  Demis Mebdity pradeis and HO minmea bon g
13 A methed for mobiity demand infe dutribution in the abimerk 9
3 Tatr-smare Losd Bslsncing 9
31 WHY TS TECHNOLOOYWILL BEACCEFTEDRY THE KOS VITEM 10
313 PROTECTERWIMAX FRLMOUTIUTS 10
§ IN-BAND BACKHAULING 'RELAY n
61 DErans n
62 WHY TN TECRNOLOGYWILL BEACCEPTEDEY THE OSVITEM u
83 PROIECTED WIMAX FRUMOUTIUTS n
7 WI-FIOFFLOAD 12
7.1 DrErans 12
72 WHY THI TECHNOLOGYWILL BEACCEFTEDRY THE EROSVITEM 12
73 PROMECTEDWIMAX FeRUnd OUTRUTS n
§ SON (SELF-ORGANIZING NETWORKS) 13
§£1 NDGE®R TEOLOGYDICOVERY VIARBORT OF THE ATIACKED MSs 13
810  Tecksice! Desaits 2
813 By thi weheslegy will be sccepud by tha monaen 1z
213 Prejected WOMAX Forum outruts i3
82 NDoEECR DATA DEREBUTIN (NDD) 13
821 Teckeica!Demits 3
823 Py shis secheplogy will be sccupied by sthe monaiem 1
231 Projecsd WilMAX Forum cusruts I
§3  D¥NaMCCLONEL SELECTION(DCS) 14
831  Techeica! Dasmits "
820 MAX Egmam 8 2012 WIMAX Forum
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MLAX Foeum Comtemsen =age S ot 14

"

1 General

Thn.ﬁ_-mni‘-x?nn-a:h-m-xmm 150000000 by B TEC 1
vagpevsag sevend peanlle aomm for WOMAX wchuglogy Read Map e 20112012

‘,

2 License exempt operations

Thspmpenia epemmans of WAX notende w8 hosmas cuempt Boqusney chamach b omm be
302168 cr WMAX Ferum may imimams developmmnt of s now yandadd

2.1 Technical Details
Taa wcheclegy steuld mchde sy ooal smegomenn & memiomer magmas

2.2 Why this technol will be accepted by the ecosystem
Busmmds sisnng meskn which sumsndy ia e Semmasd bandy aly

2.3 Projected WiMAX Forum outputs

Suge ] (Recommeadasion) Saisoe w0 IEEE asdor specificasions.

‘.‘

3 Fixed beam antennas

3.1 Technical Details

ooz mmingis mamee boamm i epevs s equmey mus mabia sow dginy Tt ackenn
3.2 Why this technol will be accepted by the ecosystem
Thir ssshnalegy will pvide formem ag g Sepummey mas My mesd mew npa efCK

3.3 Projected WiMAX Forum

Izcase whos vome ia mesded, Seage 1 (R Soes) Taisoe 1 IEEE o
specificanoes. Oherwine 3 Whae Paper.

TMAX Bae
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‘.’

4  Femto deployment

4.1 Technical Details

M depleyment afiew pewe lrw cne imedoer B, iy degleyed by wiem, bed L md Lm

4.2 Why this technol ‘will be acce, d the ecosystem

Capuminy momm vk g fequmey muns dopieymemr oo sedumee, mngamen of e urdsars mdsar
seemmas pmiln

4.3  Projected WiMAX Forum outputs
Ssene smsdardisyton will Be ceeded for 16¢ air mecface and for e legacy cetmork aad poasisly
addsiosal sasdardavion foe 16mair imecface aod e pemwork.

Suge 1- 5 specifications, cocperation wikh [EEE.

T
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WIRAAX o

P N ' <9

Leed balanciag is seeded do Whes de L

5 Heterogeneous Networks (“HetNets") 18 3w b e, e o 1 it g, O i, g ok quatodil s——._*h
fms Toowker, o'y 3mesd e define 3 LB achome thas sken imse cearidemson HO moscr dus te difloens
fequemey muss achome, diffomy sisey oy e DL EIRF), o8 baming for hismhioa g, o

5.1 Technical Details: general 5.2 Why this technology will be accepted by the ecosystem

S e e o bt 1 e

povbat

511 Details: Mobility grades and HO rate optimization fo— will e acolad mmd pomily

The sy pusmens in s pevids s 0D vslece memssee s sdvuse e 100 mer e he domainy ofdhe Base
Semiens im e ey

The BS sy was vaseus hpe ofvdesn memmie aang bedt MAC (2. pat HO se sejeum Sms) snd PV
(2g RECDR changs ) cvsimumen mehads. In sddision 1@ ths lomal asimmsivn da ayviem mmy mesd e
fxve s emmmiieed medule pmviding m ever o leek of s wider wen amd 3 e somurmr dngmene
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6 In-band backhauling / Relay T Wi-Fi Offload
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8 SON (Self-Organizing Networks)

81 Neighbor topology discovery via reports of the attached
MSs
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8.2 Dynamic Channel Selection (DCS)

831 Technical Dehils
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This page is used to follow the deliverable production.

Release Date Comments Dissemination of this release
number

1.0.0 04.07.2011 Reviewed document Public

1.1.0 08.07.2011 Mistaken in 2.2.2 fixed Public
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