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Executive Summary        

This deliverable provides a second and final written report on the collaborations between 
FP7 projects with USA and Japan’s “cognitive radio stakeholders”. In order to establish 
relationships with international relevant stakeholder organizations involved in CR 
standardization, an International Advisory Board (IAB) has been set up by the CRS-i 
project. The objectives of this Board include: 
 

 Reinforce the collaboration of FP7 projects with USA and Japan ‘s “cognitive 
radio stakeholders” and ensure that Europe will be able to turn the research 
outcomes into standard compliant product; 

 Facilitation of a continuous, global high-level debate on the results of CRS-i 
standardization activities, the relationship between regulation and 
standardization, and the relationship and potential for coordination between 
standardization bodies and their contributing members; 

 Wireless research and future trends analysis: keeping abreast of the innovations 
on the horizon and the likely implications for CR/DSA technology and 
acceptance. This will require engagement of academics from leading research 
institutions. 

 
The interactions with IAB members described in this deliverable have taken place during 
public workshops organised by CRS-i in 2014 and 2015, with four additional, high level 
IAB members delivering keynote presentations: Vic Hayes (Netherlands), Seungwon 
Choi (Korea), Kai Jakobs (Germany) and Jon Peha (USA). In addition, an account is 
given of the participation of CRS-i in an EU-India workshop on TV White Spaces for 
Rural Broadband.  
 
This report is structured as follows. First, the three workshops organised by CRS-i where 
IAB members were present are described in a structured way (sections 2, 3 and 4). 
While detailed accounts of interventions are provided in D4.3 ("Report of the second 
workshop on CR standardization" and D4.4 (Report of the third workshop on CR 
standardization"), these section focus on the contributions by and interactions with the 
IAB members. Subsequently, section 5 offers an account of CRS-i's contribution to an 
EU-India workshop on rural broadband internet access using White Space spectrum. 
Section 6 concludes the deliverable. 
 
These interactions, combined with the ones described in the previous deliverables (from 
USA, Japan and ASEAN), have provided a very useful global view on CR/DSA 
evolutions in research, standardization and commercialisation to the European research 
audience of CRS-i, while also including a number of critical reflections on the 
relationship between research and standards. By giving a detailed written account of 
these contributions, CRS-i hopes to extend their impact beyond the events where they 
have been delivered, and even beyond the project lifetime. 
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1 Introduction  

This deliverable provides a second and final written report on the collaborations 
between FP7 projects with USA and Japan’s “cognitive radio stakeholders”. In order to 
establish relationships with international relevant stakeholder organizations involved in 
CR standardization, an International Advisory Board (IAB) has been set up by the CRS-
i project. The objectives of this Board include: 
 

 Reinforce the collaboration of FP7 projects with USA and Japan ‘s “cognitive 
radio stakeholders” and ensure that Europe will be able to turn the research 
outcomes into standard compliant product; 

 Facilitation of a continuous, global high-level debate on the results of CRS-i 
standardization activities, the relationship between regulation and 
standardization, and the relationship and potential for coordination between 
standardization bodies and their contributing members; 

 Wireless research and future trends analysis: keeping abreast of the 
innovations on the horizon and the likely implications for CR/DSA technology 
and acceptance. This will require engagement of academics from leading 
research institutions. 

 
The interactions with IAB members described in this deliverable have taken place 
during public workshops organised by CRS-i in 2014 and 2015, with four additional, 
high level IAB members delivering keynote presentations: Vic Hayes (Netherlands), 
Seungwon Choi (Korea), Kai Jakobs (Germany) and Jon Peha (USA). In addition, an 
account is given of the participation of CRS-i in an EU-India workshop on TV White 
Spaces for Rural Broadband. These interactions, combined with the ones described in 
the previous deliverables (from USA, Japan and ASEAN), have provided a very useful 
global view on CR/DSA evolutions in research, standardization and commercialisation 
to the European research audience of CRS-i. 
 
This report is structured as follows. First, the three workshops organised by CRS-i 
where IAB members were present are described in a structured way (sections 2, 3 and 
4). While detailed accounts of interventions are provided in D4.3 ("Report of the second 
workshop on CR standardization" and D4.4 (Report of the third workshop on CR 
standardization"), these section focus on the contributions by and interactions with the 
IAB members. Subsequently, section 5 offers an account of CRS-i's contribution to an 
EU-India workshop on rural broadband internet access using White Space spectrum. 
Section 6 concludes the deliverable. 
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2 RAS Cluster meeting, Brussels, October 2014 

2.1 Theme and organisation 

On 23 October 2014, a half-day CRS-i workshop collocated with the Net-Tech Future 
Coordination and RAS Cluster meetings was organised in Brussels As was the case 
the year before, the idea of this workshop was to take advantage of the presence of 
RAS cluster members to gather and provide updates on research and standardization 
activities in the field of flexible spectrum use. The reformed, one-day format of the Net 
Tech Coordination Meeting (with its various cluster meetings in the morning and the 
plenary session in the afternoon) combined with an EU-Taiwan symposium organised 
the next day, resulted in a relatively limited time slot for this additional workshop. For 
this reason, it was decided that priority would be given to a few good keynote 
presentations in line with the ambitions of CRS-i’s International Advisory Board (i.e. to 
gather inputs from influential global speakers) and a limited number of complementary 
project presentations, and that other RAS clusters could disseminate messages via 
the opening CRS-i slot. 
 
Eventually, the four speakers selected ‘represented’ the three main standardization 
streams for flexible spectrum, i.e. IEEE (Vic Hayes), ETSI (Seungwon Choi) and 3GPP 
(Mariana Goldhamer, Hugo Tullberg). In terms of IAB input, the contribution of Vic 
Hayes was particularly interesting because it brought valuable insights into the 
successful transfer from wireless research to standards on the one hand (since Mr. 
Hayes was very closely involved in the standardization of 802.11), and applications of 
those insights to Cognitive Radio on the other hand (since the speaker is closely 
involved in the Dutch Cognitive Radio Platform). The keynote of Seungwon Choi in its 
turn provided a very interesting overview of CR developments in Korea 
(complementing information provided by NICT’s Hiroshi Harada at a previous 
workshop) while also going deeper into SDR architecture standardization within ETSI 
RRS, which is presided by Mr. Choi.  
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Figure 1 - A group of attendees 

2.2 Programme 

 Welcome and remarks from the European Commission 

 Portfolio of RAS projects achievements - Announcements from RAS cluster 
projects 

 CRS-i keynote 1: Vic Hayes (TU Delft, Netherlands): Lessons from WiFi 
standardization and the role of flexible spectrum use 

 CRS-i keynote 2: Seungwon Choi (Hanyang University, Korea): Cognitive Radio 
developments in Korea and the standardization path of Software-Defined-Radio 
architectures 

 Coffee break 

 Mariana Goldhamer (4GCelleX): TROPIC project: standardization status with a 
focus on 3GPP 

 Hugo Tullberg (Ericsson): METIS project: Radio access elements for 5G and 
the path towards standardization 

 Panel: The link between Research and Standards 

2.3 Vic Hayes: Lessons from WiFi standardization and the role of flexible 
spectrum use 

Vic Hayes points to four key conditions which need to be fulfilled to successfully 
introduce new wireless technologies in the way he had done with 802.11: spectrum, a 
leading firm, an industry standard and an industry alliance. He then goes into these 
four requirements separately. 
 
Spectrum 
Vic explains how spectrum for unlicensed wireless devices was provided first by the 
FCC (due to the work of Mike Marcus), which allowed its use in three bands. This was 
in May 1985; low price transistors were already available at the time, yet it was a 
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revolutionary ruling because it was not demand driven. However, shortly after the 
responsible FCC Unit was disbanded, afraid that a Japanese company would impose 
itself on the market just created, and Dr. Markus was exiled to the enforcement 
department. During the first 3 years, nothing happened, then approvals started coming 
slowly, and slowly gaining importance. By 1990 there was an approval for a 2000 kbits 
system.  
 
However, global spectrum was required, so discussions with CEPT wer started. In 
1991, 100 mW applications were allowed, then spectrum was found in the lower part 
of the 5GHz band, but only for devices following a to-be-made ETSI standard called 
HIPERLAN in 1992. After the WRC however, companies needed satellite uplink 
capacity and CEPT agreed to share the HIPERLAN spectrum with these. In 1998, 
CEPT came up with new stricter regulations for this coexistence, but in return 
increased the spectrum available. In 2000, an agenda item was filed for the WRC to 
allow Wireless Access Systems on a co-primary basis in these two bands. In 2003 they 
succeeded. 
 
The lessons Vic draws from this experience are: 

 Go for global and harmonized spectrum at co-primary level; 

 A WRC resolution was only possible after working out solutions with military 
radar. In practice, devices would have to check whether radars are active in 
the band. But this detection could be switched off, leading to interference, so 
ensure penalization of infringement; 

 Be prepared to participate in many fora in order to get spectrum and handle 
sharing studies 

 
Leading firm: NCR 
Vic explains that he worked for a firm specialized in cash registers, which had to be 
connected to the back office. Because US supermarkets like to change the floor plan 
regularly, NCR looked eagerly at wireless solutions. It came up with its first products 
in 1991. The real breakthrough however came in 1999, with a 100 USD 11mbit device. 
When the first standard was available in 1997, Steve Jobs wanted this in his new 
devices. Vendors were interested to deliver, however with  50 USD set as the 
maximum price, none were able to comply except NCR. The NCR technology was 
shipped into the first generation of Apple Airports and became a big success. 
 
The lessons drawn for Vic are: 

 Go for an open platform: IEEE makes available all information on the website. 
For 802.11, this was difficult at the start: in 1999, there was no internet, so 
documentation had to be sent to 200 people in paper. Only now Vic is 
digitizing all this material; 

 Take the lead: before Vic accepted the chairmanship of 802.11 he declared he 
would not defend the company position in the SDO, so a to remain impartial; 

 Ensure sufficient funding; 

 Ensure long term funding 
 
Industry standard 
Vic started work on the standard in 1987 and achieved a breakthrough in 2000. First 
target standard was the 802.4 Token bus group because it already had a wireless 
extension, so this would lessen the bureaucracy. It soon turned out that work on this 
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technology had been given up, so Vic was offered the lead. However, the token system 
did not work, and since the people working on Ethernet were not interested in working 
on a wireless version, a new group had to be founded. 
 
During the standardization, a number of battles had to fought against competing 
initiatives. One of these was the Frequency hopper versus Direct Sequence battle, 
which was difficult because while the first was easier to implement, the other was 
more robust. Other battles discussed by Vic were with the HomeRF working group 
and, of course, with the HIPERLAN initiative. 
 
The lessons drawn for Vic are: 

 It is essential to have a clear market objective; 

 The standards process requires time to reach consensus and implementation: 
IMT2000 for example started in 1985 as PFLMTS, with first deployment only in 
2000, while Ethernet was started in 1980 and only reached full market in 1990 

 
 
Industry alliance 
In 1999, the Wireless Ethernet Compatibility Alliance was established. Later the name 
was changed to WiFi Alliance. Vic asked this group for budget in order to carry out 
sharing studies, and succeeded. The result was a certification scheme that works well 
until today. 
 
Therefore, the lessons drawn are: 

 Establish industry alliance 

Figure 2 - Vic Hayes giving a keynote 
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 But do not do this too early, e.g. wimax was too optimistic in their gains and 
people got disappointed 

 
Application to flexible spectrum 
On the business side, Vic notes that there is a considerable chicken and egg problem 
in the domain of flexible spectrum use, since spectrum owners are reluctant to share, 
while users are waiting for viable products or services. To help solve this issue, Vic co-
started CRPlatform.nl in The Netherlands with the objective of looking for concrete use 
cases. They have already had extensive discussions with broadcasters, the military, 
the vendors etc, but no clear solution has been found as yet. 
 
The speaker gives a short overview of the various standards, and distinguishes 
between unlicensed solutions, which can only serve best effort based business 
models, and licensed models, where LSA could be a very promising solution. 
 
As lessons to draw from present experience with CR, Vic concludes that stakeholders 
need to establish a good business plan, participate in regulatory activities (on the 
national, regional and global level), and participate in standardization activities 
 
In the Q&A session, a first discussion focuses on the reasons for the failure of the 
HIPERLAN standard. According to Vic, Wifi concentrated on level 2 of the OSI model, 
while HIPERLAN was active on all 5 (like Bluetooth), which meant attention had to be 
diverted, and interoperability problems were generated. Marianna Goldhamer, who as 
ETSI BRAN vice chairman was very much involved, adds to this that operators wanted 
ATM MAC layer, but that this was much too expensive. Vic also thinks that HIPERLAN 
came too late to reach the USD 100 pricepoint that WiFI had already reached. 
 
Paulo from CRS-i asked what, according to Vic, the role of research has been. To this, 
Vic replies that input from various academic groups (for example Portuguese and 
Spanish teams for the infrared part) had been crucial. Moreover, indirectly many 
people participating in the standards group came from the three technical universities 
in The Netherlands. 

2.4 Seungwon Choi: Cognitive Radio developments in Korea and the 
standardization path of Software-Defined-Radio architectures 

Seungwon Choi starts by introducing himself and his work. He started a research 
centre in 2012 with funding from the Korean Ministry of Science as well as company 
support (worth 800+300k respectively). His work focuses on the combination of a 
service application layer with a virtualized layer combining different network layers. At 
each network component a node is placed, which created a separate layer of agents. 
The nodes can be reconfigured depending on the service required. For this to happen, 
the device must be reconfigurable as well, which explains the interest in SDR. 
 
Then, he goes into the status of CR research and implementation in Korea, discussing 
developments in government, industry and academia respectively. Firstly, on the 
government side, efforts are currently mostly focused on DB oriented DSA in TVWS. 
DSA through spectrum sensing is not very active yet. Policies in this domain started in 
Korea in December 2010; a TVWS test service was launched on Jeju Island in 2011. 
The service envisaged was Super WiFi for touristic applications; an observatory, a park 
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and a resting area were chosen as locations. A second test was held in Namyangju, 
close to Seoul, in 2011. The use case here was video transmission from underground 
areas in case of disaster. As for standardization of these technologies, ETRI, the 
largest research lab in Korea, has been active in 802.22 and ECMA-392. Seungwon 
provides a short overview of the different technologies they have contributed, and also 
explains the ETRI TVWS testbed. 
 
With regard to industry activiites, Seungwon explains that Samsung Electro-Mechanics 
(SEM) in Suwon works on spectrum sensing solutions for CR driven applications. 
Applications are in the sphere of TVWS, SDR for military and commercial applications, 
and link optimization for interference inherent commercial applications. Seungwon 
notes that Samsung itself does not seem to believe in CR technology. For reaching 
wideband, there are two solutions: carrier aggregation and higher frequencies; 
Samsung has chosen the latter option for their 5G solutions.  A second company also 
having some activities is LG Electronics in Seoul, who are working on a multimode 
multiband common mobile platform. From the side of academia, Seungwon explains 
his own activities at Hanyang University, and mentions Soongsil University as well. 
 
Subsequently, Seungwon goes into the work he is doing within ETSI RRS WG2 
focusing on SDR technology. First, this group defined several mobile device 
reconfiguration classes, and then outlined a architecture reference model, of which he 
explains the various modules. Finally, he outlines a Radio Application deployment 
scenario, where new radio applications can be downloaded from an "app store". 
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2.5 Panel session with IAB experts 

 

Figure 3 - The IAB panel 

 
The CRS-i coordinator moderates an ensuing debate between the two IAB members 
and the audience. He first asks how the gap between research and standardization, 
which still very much exists and is related to difficulties with a mismatch of timing and 
resources, can be closed, and about the role standardization plays for the IAB 
speakers as academics. Seungwon Choi starts his reply by making a methaphor 
between SDR and modes of transport: while he is trying to develop a vehicle that is a 
car when moving over land, and transforms into a ship when going over sea, and into 
an airplane when we jump up, some people find this a strange idea and believe one 
should just use a car, a ship and an airplane to do these things separately. The same 
debate, Seungwon argues, happens in SDR. The first group of people wants to make 
a standard on SDR, the second group does not believe in such a standard. Similarly, 
in 5G need very wide bands, but these are scarce, so they need carrier aggregation, 
and very high frequency bands. But these technologies have their own problems, so 
the way forward will be dictated by the total amount of money available, the combined 
complexity of solutions etc. Personally, Seungwon tries to get all the big Korean 
companies such as Samsung and LG involved into his standardization group, but if 
companies have already secured their position, they do not want new standards, and 
reluctantly participate. In Korea, LG is much more active in standardization because 
they are eager to catch up with their bigger competitor, while Samsung is more 
reluctant. Vic Hayes answers that researchers are more interested in fundamental 
research. IEEE DySPAN 1900 came up with definitions and concepts for DSA, and 
people from TU Delft were participating in this group. When these aspects were 
defined, the interest with the academic colleagues was gone, and the implementation 
needed to happen. The question is therefore whether academics are interested in this 
side of the activities. When talking about EU projects, research parties usually set up 
the baseline, and then industrial partners take over, but then the project should be 
extended. 
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The moderator enumerates a long list of standardization efforts in DSA, pointing to the 
present fragmentation, with competition between SDOs even happening. He asks what 
are the reasons for such competition and a lack of concentration in effort. Vic Hayes 
agrees that the market gets confused when there are too many parties involved. For 
example, before 2000 there were wireless LAN products available from various 
vendors which could not interoperate. This greatly concerned retailers, because they 
had to deal with unhappy customers. The same is true for SDOs: to an extent, 
competition is good, but at a certain moment, you need to cooperate. This is what 
happened between HIPERLAN and IEEE. Didier Bourse from Alcatel-Lucent adds to 
this that the definition of a business case is very important as well: in the case of the 
E2R and E3-projects, which led to standardization in ETSI RRS and IEEE 1900.4, 
there was a lot of work done on this, and also involvement from the regulators.  
 
Hugo Tullberg from Ericsson (who was invited to the workshop to speak on the METIS 
project) argues that everyone agrees that research projects should have an impact on 
standardization, but the question is whether and how universities should have such an 
impact. He feels that the roles between universities, vendors, research projects should 
be somewhat separated, and that researchers have the biggest impact when they let 
go of reality constraints and think outside the box. Results of these do not flow into 
standardization in the short term, but have a profound impact on how we understanding 
of science, technology and humanity in general. The commenter gives the example of 
the highly theoretical work of Bob Gallagher on LDPC codes in the 1960s, which was 
highly impractical at the time, but today has an enormous impact on our activities. Is it 
therefore really necessary that universities within EU projects are actual members of 
SDOs? Vic Hayes responds to this by pointing to the IEEE work, where they started 
by designing a MAC that could handle multiple PHYs, with a PHY that we knew well, 
and with companies that were experienced because they had products in the market. 
We finalised our product on 2 mbps and then improved it, for example through OFDM 
and 11mbps CCK. Therefore people should refrain from focussing on better algorithms 
until they have a product that they can work on. Marianne Goldhamer, who is Chairman 
of ETSI TC BRAN, comments that universities in a project speak a different language 
than the one needed for standardization and the one used by industrial partners. For 
project results to go into standardization, an interface is needed. 
 
The moderator then asks which coordination should be implemented between 5G PPP 
projects, in order to create a common view and strategy. Hugo Tullberg responds that 
one of the fundamental ideas of the 5G PPP is to coordinate between the projects, 
because the projects cannot address all the relevant questions themselves. Didier 
Bourse adds that the 5G PPP Association is thinking about establishing specific 
working groups. One such working group has launched work on the 5G vision, and 
another group is now starting on pre-standardization. 
 
Finally, Vic Hayes is asked how he sees the current push towards 5G, and in particular 
the trade-off between licensed and unlicensed bands and the consequences for 
innovation, knowing that a lot of such innovation has taken place in the unlicensed 
domain. Vic Hayes responds that for operators, controlled access over licensed 
spectrum is necessary. Shared licensed access is a good solution for those places 
where operators can give spectrum to other operators on a temporary basis. For users 
that wish to communicate among themselves or with a hotspot, you can have 
unlicensed, best-effort access, with innovation introduced by smaller companies. 
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3 RAS Cluster Workshop on Project Main Achievements and Plans 
for Exploitation 

3.1 Theme and organisation 

On 25 March 2015, CRS-i organized a half day RAS cluster workshop in Brussels in 
the context of the NET FUTURES conference. NET FUTURES is one of the main ICT 
events organized by the European Commission’s DG CONNECT –and in fact the 
successor of the Future Internet Assembly where CRS-i was already present. As was 
the case previously, this concerned a workshop aimed at the wide RAS cluster 
community. 
 
In line with the NET FUTURES thematic priorities of Market Validation, Business 
Development, Entrepreneurship and Enterprise Strategy, the RAS cluster workshop 
chose the theme of "Project Main Achievements and Plans for Exploitation". The idea 
was for mature RAS cluster projects to demonstrate their most tangible results and 
explain how these tie in to existing market demand and concrete business 
development plans for their consortium partners. A panel would then discuss the 
relationship between research, standards and markets, and the successful transition 
of wireless research into commercial products.  
 
Besides fitting with some of the key priorities put forward by the European Commission, 
the theme of the workshop was also chosen deliberately so that it could provide input 
to CRS-i’s Market Task Force and the report (D3.4, “White Paper on Business/Market 
Research Activities within CRS-cluster Projects”) it was preparing. Using the results 
from the workshop and other sources, this report was completed in July 2015. 
 
The workshop featured two keynote presentations. The first one was given by two 
European Members of CRS-i’s International Advisory Board, Kai Jakobs from 
RWTH/Aachen University and Rudi Bekkers from Eindhoven University of Technology, 
who discussed the relationship between ICT research and standardization. This 
keynote will be described in more detail in D4.5 (“Report on the 
standardization/regulatory debate between CRS-i and the USA and Japan‘s “cognitive 
radio stakeholders”). The second keynote was delivered by Pierre-Jean Muller, CEO 
of RED technologies, one of the few companies commercially active in the Dynamic 
Spectrum Access field (notably in LSA). Combined, the two keynotes provided both a 
critical academic view, and a hands-on business perspective on DSA market success 
and the role of research and standards in that success. 
 
Following the keynotes, six RAS cluster projects gave insights in their progress and, 
specifically, into the exploitation aspects. Also, the European Commission took the 
floor to provide very recent updates to on the 5G-PPP call, for which results were being 
released at the time of the event. A final panel concluded the workshop. 

3.2 Programme 

9.00-11.00  
 

 Welcome and introduction, Paulo Marques, Instituto de Telecomunicações 
[CRS-i project]  



CRS-i      D4.5 – Report on the standardization/regulatory 
debate between CRS-i and the USA and Japan’s “cognitive radio stakeholders” – final 

 

 
 
Page 15 of 25 

 

 Rémy Bayou, European Commission: Overview of the ICT-14 call: “Advanced 
5G Network Infrastructure for the Future Internet”  

 

 CRS-i keynotes [chair: Simon Delaere, iMINDS]  
 

o Kai Jakobs, RWTH: “The link between research and standardization 
and what should be done to improve it”  

 
o Pierre-Jean Muller, RED Technologies: “Moving from the LSA research 

topic to a business opportunity”  
 

 Olav Queseth, Ericsson: “METIS - Mobile and wireless communications 
enablers for 2020 information society: Project main achievement and 
exploitation plan”  

 
11.00 – 11.30 Coffee Break  
 
11.30 – 12.40  
Chair: Dominique Noguet, CEA-LETI  
 

 Isabelle Bucaille, Thales Communications & Security: “ABSOLUTE - Aerial 
Base Stations with Opportunistic Links For Unexpected e Temporary Events: 
Project main achievement and exploitation plan”  

 

 Xavier Mestre, CTTC: “EMPHATIC - Enhanced Multicarrier Techniques for 
Professional Ad-Hoc and Cell-Based Communications: Project main 
achievement and exploitation plan”  

 

 Kari Rikkinen, University of Oulu: “DUPLO - Full-Duplex Radios for Local 
Access : Project main achievement and exploitation plan”  

 

 Peter Rost, NEC Europe: “iJOIN - Interworking and joint design of an open 
access and backhaul network architecture for small cells : Project main 
achievement and exploitation plan”  

 

 Gerhard Wunder, HHI, “5GNOW - 5th Generation Non-Orthogonal Waveforms 
for Asynchronous Signaling : Project main achievement and exploitation plan”  

 
12.40 – 13.00 Panel - Factors for a successful transition of wireless research 
into commercial products 
 

3.3 Kai Jakobs: The link between research and standardization and what 
should be done to improve it 

The IAB keynote at this event was given by Kai Jakobs from RWTH/Aachen 
University, while his co-author Rudi Bekkers from Eindhoven University of Technology 
was in the audience and answered questions after the talk. The main theme of the 
keynote was the relationship between ICT research and standardization. Kai starts with 
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the observation that considerable research activities are taking place about the link 
between standardization and innovation. After initial scepsis, the two are no longer 
perceived as almost mutually exclusive, and standards are now widely accepted as 
platforms for innovation. Standards are a proven mechansism for technology transfer, 
fostering the diffusion and utilization of the standardized technologies, and also helping 
to establish a level playing field. However, they can both hamper and enable such 
innovation. In this sense, they are the bridged between the technical domain and the 
economic, social and regulatory framework. Jakobs argues that the development of 
new and improved standards needs to be based on high quality technical information 
and expertise, so that there is a fundamental inter-dependency between 
standardisation and research. Likewise, there should be a close cooperation between 
the standardisation world and the research community. However, in reality, such 
cooperation is often lacking. Where there should be a circular flow with knowledge and 
technology transfer from research to standardization, and a similar flow of recursive 
knowledge back to the research domain, both flows are hindered. Jakobs then gives a 
number of elements which together constitute the barrier between research and 
standardization, as elicited by a survey done by the INTEREST project: 
 

• Expenses not covered: This is the most important element by far. (Public) 
funding organisations may have to revise their policies. 

• Standardisation activities do not have a positive impact on research 
evaluation. This is correct (but will perhaps change over time…). 

• Research expertise not relevant for standardisation. Recent SDO activities 
suggest that an improved link from R&D to standards setting would be most 
desirable.  

 
• The process is not flexible enough. Streamlined, flexible, speedy and fairly 

un-bureaucratic processes, new deliverables – a communication problem. 
 
He also lists a number of additional elements: 
 

• Incompatible time frames. Come (commercial) interest to standardise 
something, many academics have already moved to new challenges. 

• Preference for ‘academic elegance’ over pragmatic considerations. 
Academics may have stubborn personalities. 

• Lack of institutional commitment. It is often clear why companies participate, 
but this rarely holds for research institutes. 

 
The speaker then outlines what Standards Developing Organisations could do to take 
away the barrier between research and standardization: 
 

• Adapt processes. Faster and more flexible processes are now in place; 
changes to the static TC/WG structure would be difficult to implement (WTO).  

• Monitor and alert. Only relatively few research activities will have the potential 
to provide input. The challenge is to recognise and to ‘recruit’ them. 

• Educate and promote. Raise general awareness of researchers and research 
managers, provide basic information (e.g. who is doing what when), inform 
about benefits, opportunities, how to co-ordinate research and standardisation, 
etc. 

• Co-operate with professional associations. e.g. ITU is now co-operating with 
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IEEE on this. 
• Actively participate in (publicly funded) R&D projects. 
• Become active in tertiary education. 

 
He then lists various initiatives taken by European SDOs (such as CEN and ETSI) and 
global SDOs (such as ISO, IEEE and ITU-T) in this field, and is quite positive about 
the efforts being made. However, the speaker is much more critical concerning the 
efforts done by research funding entities such as national and European governments. 
Looking at some of the national research funding bodies, there is very few mention of 
standards. Within the H2020 programme, standardization is valued as a valid outcome 
of research and a way for technology transfer to happen, and is appreciated as a good 
impact factor in evaluating proposals. However, most of the projects are not subject to 
evaluation in this domain. Finally, research about standardization is hardly funded at 
all. Jakobs argues that a lot could be done: for example, major contributions to 
standards should be treated similarly to the publication of scientific papers; dedicated 
funding could be foreseen for the frequently occurring time gap between research and 
standardization; and supporting educational and training measures could be taken. 
 
The speaker summarizes the issues with the following overview of the state-of-the-art: 
 

 
 
Finally, the key lessons of the talk can be summarized as follows: 
 

• Speed-up mechanisms have been implemented. 
• Selective, ad-hoc activities could be – and have in part been – initiated 

(participation in R&D projects, co-operation with professional associations, 
promotional activities, etc.). 

• Long-term activities (e.g. monitoring/alerting) will require discussions with 
funding entities. 

• Structural/procedural changes (TC/WG structure, etc.) may be hard to 
implement. 
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• Educational activities will be most crucial in the medium/long run. 
 

 

Figure 4 - Kai Jakobs keynote address 
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4 Radio Access and Spectrum cluster Workshop at EUCNC 2015 

4.1 Theme and organisation 

The second workshop organized by CRS-i in 2015 was a general RAS Cluster 
workshop at the European Conference on Networks and Communications Conference 
held in Paris, France, on 29 June. The main objective of this workshop was to 
exchange and disseminate EU project’s innovations in the Radio Access and Spectrum 
area, and to foster debate on opportunities for collaboration between research projects. 
In this sense, the workshop went beyond the core domain of Cognitive Radio and 
Dynamic Spectrum Access and, next to the specific thematic events during Net Futures 
and DySPAN, offered a general update on innovative research within the RAS cluster. 
Besides this, however, CRS-i also invited a prominent member of the International 
Advisory Board in order to provide useful regulatory and research updates from the 
USA. 
 
After the keynote address, the workshop was structured in two Sessions in order to 
facilitate exchanges on topics of common interest: "Innovations on the PHY layer" and 
"Innovations on the Network Architecture". These two areas combined will contribute 
to the capacity improvement required by the next generation of wireless networks. The 
workshop concluded with a panel addressing the role of regulation on wireless 
innovation and future plans for the RAS cluster. 
 

 

Figure 5 - The EUCNC CRS-i workshop 

4.2 Programme 

14:00 Welcome address  
Paulo Marques, Instituto de Telecomunicações, Portugal, CRS-i project  
Bernard Barani, European Commission  
 
14:10 CRS-i keynote speaker  
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“Trends on wireless technology and radio spectrum management in the US”  
Jon Peha, Full Professor at Carnegie Mellon University and former FCC Chief 
Technologist, US  
 
14:30 Session 1: RAS cluster innovations on the PHY layer [15’ each project]  
 

 SOLDER “Spectrum overlay through aggregation of heterogeneous dispersed 
bands”, Fotis Foukalas, I.S.I, Greece  

 

 MiWAVES and E3NETWORK: “Millimeter-Wave Small Cell Access and 
Backhauling”, Laurent Dussop CEA-LETI, France and Igone Vélez, CEIT, 
Spain  

 

 MAMMOET: “Massive MIMO for efficient transmission”, Liesbet Vander Perre, 
IMEC, Belgium  

 

 PHYLAWS: “Physical layer wireless security”, François Delaveau, Thales, 
France  

 
15:30 – 16:00 Coffee Break 
 
16:00 Session 2: RAS cluster innovations on the Network architecture [15’ each 
project]  
 

 DIWINE: “Dense Cooperative Wireless Cloud Network”, Stojan Denic, Toshiba 
Research Europe Ltd, UK  

 

 RESCUE: “Links-on-the-fly technology for robust, efficient and smart 
communication in unpredictable environments”, Hicham Khalife, Thales, 
France  

 

 SEMAFOUR: “Self-Management for Unified Heterogeneous Radio Access 
Networks”, Colin Willcock, NOKIA, Germany  

 
17:00 – 17:30 Panel  
 

 The role of regulatory policies on wireless innovation  
 

 Open discussion on how to boost research projects collaboration in H2020  
 

4.3 Jon Peha: new trends in wireless technology and spectrum management 
in the US 

Jon Peha started by explaining that there is currently a big wireless and spectrum 
agenda in the United States. In the 25 years that Jon has been dealing with spectrum 
issues, the last few years have been extraordinarily busy. The first National Broadband 
Plan was not about wireless technologies originally, but wireless was the most 
important aspect, and since then two presidential memoranda on spectrum have been 
released, which is highly unusual. Therefore it was hard to pick topics, so Jon picked 
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three issues on which a lot has happened in the last six months and a lot is about to 
happen: three tier spectrum sharing models, net neutrality and its impact on wireless 
and high frequency spectrum. Other interesting issues include incentive auctions to 
reallocate TV spectrum, vehicular networks and public safety communications. 
 
On Three Tier Sharing, discussions on tiered spectrum sharing had been going on for 
years, and came to a first set of rulemaking two months ago (April), with the FCC 
designating the 3.55-3.7GHz band as a first band where these rules will apply. The 
PCAST group recommended a model like this to open up 1 GHz of spectrum 
predominantly used by the US government. Jon explains the Three Tier Model briefly, 
consisting of : 
 

 Incumbent Access 
– Mostly government systems, especially DoD Radar, fixed satellite 
– Exclusion zones 

 Priority Access (PA) 
– Guaranteed exclusivity, except where incumbents are active 
– Rights to access some spectrum, but not always the same spectrum 
– Obtained through a form of auction 

 General Authorized Access (GAA) 
– No guarantee, opportunistic, tolerate other tiers 
– Some GAA spectrum nationwide 

 
The GAA group will not just get what is left over, however; the FCC made a large 
amount of spectrum available. The PA group will get access to some spectrum, but 
which spectrum this is will vary over time. The granularity of the middle tier would be 
conducive to small cells use. Licenses would last for three years, with areas the size 
of a census track (of about 4000 people, which would be small territories in cities and 
very large in rural areas), and a bandwidth fixed at 10 MHz. A database will manage 
assignments and rights protection. Many aspects still have to be worked out over the 
next years, for example the exclusion zones (how to calculate them? How will they 
work for radar, for satellite etc.), spectrum use (can the bottom tier users access 
reserve spectrum when it is not in use? How is use defined? How is it measured? 
Through sensing, explicit signalling, by whom?), incentives for rights users to refrain 
from using the spectrum etc. A particularly interesting issue will be the secondary rights 
in the system. Questions on whether a PAL user can lease out spectrum, whether it 
can carve up the spectrum to lease out part of it, should exchanges be set up, should 
hoarding be avoided, and what are the business models? 
 
The second issue is net neutrality, which Jon calls the hardest issue in US telecoms 
policy for many years, and probably the least understood. In December 2010 the FCC 
adopted net neutrality rules, three quarters of which were struck down in 2014, and in 
March 2015 adopted a new set of very controversial rules. One important aspect is 
that, unlike in 2010, the rules for wired and wireless networks are now mostly the same. 
The FCC introduced three main rules in the 300 page document; summarizing, internet 
access providers cannot 

 block lawful content, apps, services, non-harmful devices (with a number of 
exceptions such as for reasonable network management) 

 impair or degrade lawful traffic on basis of content, application, service, or use 
of non-harmful device (for example by throttling) 
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 engage in paid prioritization 
 
Besides this, there are other, less clear rules, such as the one stating that providers 
“Shall not unreasonably interfere with or unreasonably disadvantage dissemination or 
use of lawful Internet content, applications, services, or devices”. The main question 
here is what constitutes “unreasonable disadvantaging”. For example, LTE is filled with 
important QoS mechanisms that cause disadvantage, but is this unreasonable? The 
2015 order does provide some useful guidance, however: for example, if the consumer 
can choose, and if it is independent of content or application, it is likely to be 
acceptable. However actual decisions will be taken on a case by case basis. An even 
bigger open issue is the so-called specialized service, in which the same provider 
supplies internet access and other services (such as delivering e-books to readers). 
Here, the FCC, will tentatively not regulate the latter services, but this remains unsure, 
and how these services (dubbed non-BIAS data services) are actually defined is still 
to be defined. 
 
Last of the three issues is high frequency spectrum. In October 2014, the FCC issued 
a Notice of Inquiry to solicit input on using spectrum over 24 GHz for mobile radio 
services. The six bands included are: 
 

 LMDS Band (27.5-28.35 / 29.1-29.25 / 31-31.3 GHz) 

 39 GHz Band (38.6-40 GHz) 

 37/42 GHz Bands (37.0-38.6 GHz and 42.0-42.5 GHz) 

 60 GHz Bands (57-64 GHz and 64-71 GHz) 

 70/80 GHz Bands (71-76 GHz, 81-86 GHz) 

 24 GHz Bands (24.25-24.45 GHz and 25.05-25.25 GHz) 
 
The Notice of Inquiry precedes actual regulation, and poses interesting questions on 
technology and spectrum management approach: whether auctions should be used to 
license frequencies, whether there should be a secondary market, whether unlicensed 
use should be introduced (and if so, whether there should be restrictions on 
technology), whether something new should be put in place (such as unlicensed 
access with automated coordination), or some hybrid situation combining one system 
for primary users and other systems for secondary use etc. By the due date, there were 
some 75 responses, some of which were very detailed. In general, many commenters 
supported the idea of using 24+ GHz spectrum and also some strong opposition, 
notably from the satellite industry. Importantly from an international point of view, many 
comments argue that international coordination is highly required. But overall there are 
many divergences in opinions regarding technology, purposes, spectrum management 
approach. So far there is no indication of further steps by the FCC. 
 
Jon concludes that spectrum policy in the US is in a period of rapid change, including: 
 

 Great progress on three-tiered sharing at 3.5 GHz, which, if successful, could 
be the model for other bands 

 New network neutrality rules, that could significantly affect wireless technology, 
although further action is coming at the FCC, in the courts, and maybe in 
Congress 

 NOI on using spectrum at 24+ GHz for mobile. More to come 
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 Incentive auctions coming soon. Novel approach to spectrum reallocation, the 
most complex spectrum auction ever attempted 

 
Following the keynote, a number of questions are asked. A first question is whether 
the “use it or lose it” principle applies to the three tier system. Jon answers that this is 
a work in progress. For incumbents and licensed users this will not be the case, 
although there will be some push. The three year license model will solve many of 
these cases, Doug Sicker (an IAB member also in the audience) adds to this. 
 
An audience member asks more information about the GAA tier. Jon explains that the 
TVWS experience provided the inspiration for such a tier. The moderator points to the 
fact that the FCC is often voluntaristic in regulating new technologies and asks whether 
Jon thinks the three tier system will now take off and receive traction from the market. 
Jon replies that is it impossible to know this. When the TVWS decision was made, he 
was at the FCC, and at that time the thought was that there are important uses of 
TVWS, while the particular business plans coming out were ‘silly’. TVWS is very useful 
for rural areas, but considering it a replacement for WIFI does not make sense. As a 
cellular carrier I may want this for small cell protection, but whether it will happen 
remains to be seen. The moderator asks whether Jon thinks it is good regulation, also 
regarding the open internet decisions. Jon replies that for some things, there is no 
question. For one, taking bands that incumbents do not use (all the time) and making 
them available to other uses is absolutely a good idea. Whether we have got all the 
details right yet, particularly in the bottom two tiers, is not clear yet, but we are going 
in the right direction. It is for this reason that we are starting in one particular band. 
 
Another question is how “reasonable management” will be quantified.  Jon quotes the 
definition used by the FCC, which is “tailored to achieving legitimate network 
management purpose, taking into account the particular network architecture and 
technology”. This is one aspect where differences between wired and wireless 
networks will come to the surface. For Jon, this means that there has to be a technical 
(not a profit driven) reason for intervention, and limited to that reason. This of course 
does not answer the question, and decisions by the FCC, subsequently challenged in 
court, will have to clarify matters. 
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5 EU-India Workshop on Rural Broadband Internet Access using 
White Space Spectrum 

5.1 Context and organisation 

Finally, CRS-i contributed to the EU-India Workshop on "Rural Broadband Internet 
Access using White Space Spectrum" held in the Indian Institute of Technology 
Bombay, Mumbai, India, on 25 May 2015. This way, after collecting information on 
CR/DSA developments from the USA, Japan and Korea throughout the project, 
evolutions in the important India market could also be shared with the CRS-i 
community. 
 
Unlike in the developed countries, TV white spaces are abundant in India and rural 
broadband coverage is negligible. The government of India has an ambitious plan to 
connect 250,000 rural offices (Gram Panchayat) using optical fiber based points of 
presence (PoP); this will alleviate, but not solve the rural broadband coverage problem. 
One of the major impediments for providing broadband connectivity in rural areas of 
India is the lack of robust cost-effective backhaul. The aim of this EU-India workshop 
was to discuss how the abundant underutilized TV band spectrum can be used for 
provisioning affordable rural broadband in India. CRS-i provided a tutorial on “Lessons 
learned from TVWS implementation in Europe and the road towards standardization”.  
 

  

Figure 6 - The EU-India team at the REACH workshop with CRS-i participation. 

5.2 Programme 

 09:00 – 09:30 Welcome & Introductions  

 09:30 – 10:30 Survey on Internet use in rural India: study findings – Prof. Rekha 
Jain, IIM Ahmedabad, India 

 10:30 – 11:00 How much TV UHF band spectrum is sufficient for rural 
broadband coverage? – Prof. Abhay Karandikar, Indian Institute of Technology 
Bombay, Mumbai, India 

 11:00 – 11:30 Tea Break 

 11:30 – 12:30 Lessons learned from TVWS implementation in Europe and the 
road towards standardization – Dr Paulo Marques, CRS-i project,  Instituto de 
Telecomunicações, Portugal 

 12:30 – 13:30 Lunch Break 
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 13:30 – 14:30 Research approaches for high-speed broadband internet access 
in rural India, Prof. Andreas Pitsillides, University of Cyprus 

 14:30 – 15:30 Efficient content distribution system suitable for the context of 
rural India, Dr. Mohamed Mosbah, University Burdeux, France 

 15:30 – 16:00 Tea Break 

 16:00 – 17:30 Feedback and discussions with invited industry stakeholders 

5.3 Main conclusions 

In India currently only one incumbent national broadcaster is transmitting at most on 
two channels. Therefore, in the 470-590MHz UHF TV band a major portion of the 
spectrum is unutilized. However, existing commercial solutions for TVWS equipment 
are too expensive for a developing country such India. There is a need for low cost 
hardware for operation in TVWS spectrum. The scale of the deployment in India can 
create the volume needed to decrease the cost of the existing solutions.  
 
The Telecom Regulatory Authority of India (TRAI) is positive regarding the use of 
TVWS for rural broadband. A supportive regulator and less restrictive protection 
requirements (compared with FCC and UK) can contribute to the development of more 
affordable radios for TVWS. Finally, the importance of knowledge transfer from EU to 
India on TVWS technologies was recognized at the workshop. EU and Indian partners 
will work together on the setting up of a TVWS pilot in India supported by the REACH 
project. 
 

6 Conclusions 

This deliverable provides a second and final written report on the collaborations 
between FP7 projects with USA and Japan’s “cognitive radio stakeholders”. The 
interactions with IAB members described in this deliverable have taken place during 
public workshops organised by CRS-i in 2014 and 2015, with four additional, high level 
IAB members delivering keynote presentations: Vic Hayes (Netherlands), Seungwon 
Choi (Korea), Kai Jakobs (Germany) and Jon Peha (USA). In addition, an account was 
given of the participation of CRS-i in an EU-India workshop on TV White Spaces for 
Rural Broadband. These interactions, combined with the ones described in the 
previous deliverables (from USA, Japan and ASEAN), have provided a very useful 
global view on CR/DSA evolutions in research, standardization and commercialisation 
to the European research audience of CRS-i, while also including a number of critical 
reflections on the relationship between research and standards. By giving a detailed 
written account of these contributions, CRS-i hopes to extend their impact beyond the 
events where they have been delivered, and even beyond the project lifetime. 
 


