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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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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: 

• Architecture standardisation (BRAN); 

• Protocol standardisation (BRAN); 

• 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 BuNGee 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 Items 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: 

• BRAN(10)0062r1, New Work Item 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. 

•  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 Item description and the 
supporting presentation, as reflected in D1.2. These are: 

• 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; 

• 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; 

• Collaborative technologies at Base station: 

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

• 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
2
 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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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. 

• 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 contribution to 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: 

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

• Characteristics of the multi-beam antenna; 

• Extensive text on multi-beam assisted MIMO, relevant to D1.2, and including: 

• An overview; 
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• Up-link and down-link multi-beam assisted MIMO operation in licensed bands; 

• Network MIMO operation in uplink and downlink; 

• Hybrid MIMO operation in uplink and downlink. 

• Extensive text on Radio Resource management, relevant to D3.1 and including: 

• 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: 

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

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

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

• 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; 

• The section of direct inter-BS communication, as presented in D1.2, was added; 

• 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 Item adoption 

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

• 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. 

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

 

The main elements of the BuNGee architecture may be recognized in both the Work Item 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; 

• 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: 

1. Architecture for the underlying system; 

2. Radio resource management; 

3. RRM functional decomposition in system architecture; 

4. Dynamic centralized frequency assignment; 

5. Spectrum sensing based dynamic frequency assignment; 

6. Learning based cognitive frequency assignment. 

 

 

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 
D3.1 

relevance 

BuNGee D3.2 relevance 

5.1 Architecture for the underlying system Introduction  

5.2 Radio Resource Management   2. Radio Resource Management 

5.3 RRM Functional Decomposition in 
system architecture  

 2.1 RRM Functional Decomposition in 
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 
Frequency Assignment  

 2.2.2.1 Spectrum Sensing based Dynamic 
Frequency Assignment 

6.2.2 Learning based Cognitive Dynamic 
Frequency Assignment  

 2.2.2.2 Learning based Cognitive 
Dynamic Frequency Assignment 
2.2.2.3 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 in the following section. 
 

Table  2-2: 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 
of the 6 beams 

 4.5.4 

     

Polarisation  

 

Dual slant 45˚  N.A. 

     

Cross Polar/Axial ratio  

 

15 dB min   Table 18 

     

Azimuth HPBW  

 

C15˚ for each of the 6 
beams 

 Producer 
declaration 

     

Elevation HPBW  

 

C9˚  Producer 
declaration 

     

Radiation pattern envelope  

 

12dB sidelobes min for each 
of the 6 beams 

 Table 17 

     

Electrical tilt  

 

2˚ downtilt  4.2.2 

     

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: 

• Each individual azimuthal beam is produced by a beam-forming network connected to the antenna array.  

• 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.  

• 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. 

 

 

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 IEEE 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: 

• 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); 

• Establishing new activity related to Heterogeneous RAN Network deployments (HetNets); 

• Proposing enhancements for In-band backhauling / Wireless Relays concepts; 

• 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 Item 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 WiMAX 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. 
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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. 
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Annex 3: Work Item on Protocols 

Below is reproduced the Work Item content as appears in the ETSI database. 
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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. 
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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 WI adoption in Oct. 2010 BRAN 
meeting.
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Annex 6: Supporting Presentation for the Protocols WI Adoption  
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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. 
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8 Release History 

This page is used to follow the deliverable production.  

 

Release 
number 

Date Comments Dissemination of this release 

1.0.0  04.07.2011 Reviewed document Public 

1.1.0 08.07.2011 Mistaken in 2.2.2 fixed Public 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


