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Executive Summary 

This report provides an overview of the MiWaveS project’s activities related to contributions and 

presentations to the different standards as well as regulatory bodies since project start. 

Several standardization bodies have been monitored and impacted with the technical results 

coming out of the project. MiWaveS objectives were set in the beginning of the project to study 5G 

heterogeneous mobile network, especially mm-wave technologies, and promoting the huge spectrum 

possibilities in mm-wave bands. Even if the project, due its legal framework, has no official role per se 

in standards definition process, it managed never the less to impact ITU-R, 3GPP, NGMN and ETSI. In 

the second half of the project, when WRC-15 was held and ITU-R and 3GPP progressed with 5G and 

millimetre-wave (mmWave) standardization, the match of MiWaveS activities with 5G is clearly seen. 

MiWaveS was among the first European research projects that demonstrated the applicability of 

mmWave technology for next generation of mobile networks. Many of the concepts and technologies 

introduced in MiWaveS, like relaying, beam steering, multi-connectivity and mmWave-dosimetry, are 

now expanded beyond the project and under active standardization. 

The regulatory bodies was also impacted, with contributions to ITU-R WP5D and discussions with 

regulatory authorities before WRC-15. Meetings with Ofcom (UK) and ANFR (FR) are documented, and 

both Ofcom and ANFR became member of MiWaveS’ Industrial Advisory Board. 

 

 

 

 

 

Disclaimer: This document reflects the contribution of the participants of the research project 
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All rights reserved: This document is proprietary of the MiWaveS consortium members. No copying or 
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1. Introduction 

This deliverable is part of the MiWaveS Work Package 7 (WP7) “Dissemination, Standardisation, 

exploitation”, whose main objectives are [1]: 

O7.1: Identify the MiWaveS technologies that could be driven into standardization, coordinate all 

standardisation and regulation related activities of the MiWaveS consortium, and take 

items to relevant standardization bodies and administrations. 

O7.2: Increase the companies’, institutions’, and public understanding of the benefits of 

millimetre-wave (mmWave) communications, foster the adoption of the new technologies 

developed by MiWaveS into the international markets, and showcase the main achieved 

project results in order to increase consortium visibility and build mmWave small-cell 

industrial ecosystem. 

O7.3: Ensure an effective dissemination of the project results to the scientific community and 

promote the development of educational and scientific mmWave communication 

community in Europe. 

The main objectives of this deliverable are to describe and elaborate on the activities performed 

during the project life time with regard to contributions and presentations to the different standard 

fora as well as MiWaveS’ approach to regulatory discussions, highlighting the main activities in relevant 

bodies that match the scientific and technical objectives of the project. 

This report is structured into the following parts: section 2 elaborates on activities related to 

standardization bodies, section 3 on activities related to regulatory bodies, section 4 provides the 

conclusion. 
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2. Activities related to standardization bodies 

Standardization bodies define the rules allowing equipment and devices to interoperate in specific 

regions of the world. As standardization bodies progress along a roadmap defined by themselves, it is 

of key importance for any research project aiming to impact those bodies, to constantly monitor them 

so to have a thorough knowledge of the ongoing activities. 

There are two main threats for a collaborative research project willing to influence standardization 

bodies. The first thread is the different timelines between the work done in standards and the pace of 

the related planned activities of the collaborative research project: it is often the case that newly 

developed technologies, worked out in funded projects, are too much ahead of time if compared to 

the status of the on-going discussions in standards. This discrepancy is due to the very different nature 

of standardization bodies and collaborative research projects: the former is chartered to define, in 

common agreement among the main players of the specific ecosystem in focus, which features will 

come in which time frame and a description of such features under three main aspects: new 

requirements, impact on the system architecture and enhancement to protocols. The latter instead 

are chartered with a much broader research content, proof of concepts, path finding activities, pre-

development testbeds and demonstrators. All those mentioned activities are performed jointly by 

different companies thanks to the pre-competitive nature of the work done: it needs alignment among 

the players in the ecosystem before the next level of refinement of the specifications (i.e. the 

documents coming out of standards bodies) can be started. 

The second threat is to have standards and regulation in conflict with the research directions 

undertaken by the project. Due to the mentioned high content of research of the activities performed 

in a collaborative research project, consortia need to take decisions in order to proof some basic new 

enabling technologies; such decision might be proven not optimal or might be reverted by the broader 

ecosystem in standardization bodies, often for reasons not necessary pertaining to the technical 

content, e.g. due to the different market or business directions of some company actively participating 

to the standards discussions. 

In order to monitor the progress of the activity ongoing in standardization bodies and fora of 

relevance to MiWaveS, the project decided to create the Standardization Office (STO): The STO has 

been supplying the MiWaveS consortium up-to-date information about the standardization efforts 

relevant to consortium’s interests. The STO is composed of: Giovanni Romano (Telecom Italia), Michael 

Faerber (IMC), and Karri Ranta-aho (Nokia). 

2.1 Activities related to ITU-R 

The International Telecommunication Union Radiocommunication Sector Working Party 5D (ITU-

R WP5D) published its workplan towards the finalization of technical specifications of the International 

Mobile Telephony (IMT) document called IMT2020 [12] (see Figure 2-1 and Table 2-1) after its October 

2014 meeting #20 [5]. 
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Figure 2-1: Workplan in ITU-R towards the finalization of IMT-2020 Specifications. 

Table 2-1: ITU-R anticipated “IMT-2020” deliverables 

Item 
Proposed “IMT-2020” 

related deliverable 

Aspect to be addressed in the 

proposed deliverable 

Planned 

work start 

timing 

Planned 

document 

completion  in 

WP 5D 

IMT-Advanced  

model document 

1 

 

Doc. “IMT-2020”/AAA 

“IMT-2020” 

Background 

Background on “IMT-2020”  Meeting #22 

(June 2015) 

Meeting #24 

(June 2016) 

Document IMT-ADV/1 

 

“Background on IMT-Advanced” 

2 

 

Doc. “IMT-2020”/BBB 

“IMT-2020” Process 

The Submission and evaluation 

process and consensus building for 

“IMT-2020” as well as the “timeline” 

for “IMT-2020” 

Meeting #22 

(June 2015) 

Meeting #24 

(June 2016) 

Document IMT-ADV/2 

 “Submission and evaluation 

process and consensus building” 

3 Draft New Report ITU-

R M.[IMT-2020. TECH 

PERF REQ] 

General Technical Performance 

Requirements expected of a 

technology to satisfy “IMT-2020” 

Meeting #23 

(February 

2016) 

Meeting #26 

(February 

2017) 

Report ITU-R M.2134 

“Requirements related to 

technical performance for IMT-

Advanced radio interface(s)” 

4 Draft New Report ITU-

R M.[IMT-2020. EVAL] 

Evaluation Criteria and Evaluation 

Methods for “IMT-2020” 

technologies 

Meeting #23 

(February 

2016) 

Meeting #27 

(June 2017) 

Report ITU-R M.2135 

“Guidelines for evaluation of 

radio interface technologies for 

IMT-Advanced” 

5 Draft New Report ITU-

R M.[IMT-2020. 

SUBMISSION] 

Specific Requirements of the 

candidate technology related to 

submissions, the evaluation criteria 

and submission templates 

Meeting #23 

(February 

2016 

Meeting #27 

(June 2017) 

Report ITU-R M.2133 

“Requirements, evaluation 

criteria and submission templates 

for the development of IMT-

Advanced” 
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Item 
Proposed “IMT-2020” 

related deliverable 

Aspect to be addressed in the 

proposed deliverable 

Planned 

work start 

timing 

Planned 

document 

completion  in 

WP 5D 

IMT-Advanced  

model document 

6 Circular Letter “IMT-

2020”  

The official ITU-R announcement of 

the “IMT-2020” process and the 

invitation for candidate technology 

submissions 

Meeting #23 

(February 

2016) 

Meeting #27 

(June 2017) 

Circular Letter 5/LCCE/2 and 

Addenda 

“Invitation for submission of 

proposals for candidate radio 

interface technologies for the 

terrestrial components of the 

radio interface(s) for IMT-

Advanced and invitation to 

participate in their subsequent 

evaluation” 

7 Doc. “IMT-2020”/YYY 

Input Submissions 

Summary 

Capturing in ITU-R documentation 

the inputs documents and the initial 

view of suitability as a valid 

submission 

Meeting #28 

(October 

2017) 

Meeting #32 

(June 2018) 

For example, Documents IMT-

ADV/4 thru IMT-ADV/9 

“Acknowledgement of candidate 

submission from ……under step 3 

of the IMT-Advanced process (….. 

technology)” 

8 Doc. “IMT-2020”/ZZZ 

Evaluation Reports 

Summary 

 

 

As the evaluation of each candidate 

technology proceeds, the results of 

each evaluation of each technology 

by the different evaluation groups 

must be documented and analysed 

by WP 5D towards the final 

evaluation assessment 

Meeting #31 

 (October 

2018) 

 

Meeting #34 

(February 

2020) 

For example, Documents IMT-

ADV/10 thru IMT-ADV/23 

“Evaluation IMT-Advanced 

candidate technology 

submissions in documents IMT-

ADV/xyz  by XYZ Evaluation 

Group” 

9 Draft New Report ITU-

R M.[IMT-2020. 

OUTCOME] 

The outcome of the evaluation and 

assessment and the statement on 

those candidate technologies 

suitable to move to the specification 

phase in ITU-R  

Meeting #33 

(October 

2019) 

Meeting #34 

(June 2020) 

Report ITU-R M.2198 

“The outcome of the evaluation, 

consensus building and decision 

of the IMT-Advanced process 

(Steps 4 to 7), including 

characteristics of IMT-Advanced 

radio interface” 

10 Draft New 

Recommendation 

ITU-R M.[IMT-

2020.SPECS] 

The detailed specification of each of 

“IMT-2020” technology 

Meeting #33 

 (October 

2019) 

Meeting #36 

(October 

2020) 

Recommendation ITU-R M.2012 

“Detailed specifications of the 

terrestrial radio interfaces of 

International Mobile 

Telecommunications-Advanced 

(IMT-Advanced)” 

 

2.1.1 ITU-R WP 5D meeting #19 

The MiWaveS consortium provided an input contribution to the June 2014 ITU-R WP 5D meeting 

#19 [2]. This contribution introduced the work planned in MiWaveS, in the context of ITU’s newly 

initiated draft report assessing the feasibility of the above 6 GHz bands for IMT use. In this document, 

the ITU-R WP 5D was informed of the following: 

“MiWaveS’ main focus is on investigating and demonstrating key enabling technologies and 

functionalities supporting the integration of mmWave small-cells in future heterogeneous 

networks, particularly at the level of networking functions and algorithms, integrated radio and 

antenna technologies. 
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MiWaveS will demonstrate how low-cost or advanced mmWave technologies can provide multi-

Gigabits per second access to mobile users and contribute to sustain the traffic growth. Hence, 

spectrum flexibility and the exploitation of the available mmWave spectrum will be key strategies 

to build high-throughput and low-latency infrastructures for next generation heterogeneous mobile 

networks. 

The MiWaveS consortium understands that ITU-R WP 5D has initiated work on studying the 

feasibility of IMT systems in bands above 6 GHz M.[IMT.ABOVE 6 GHz]. Therefore, given the scope 

of the project, it is the consortium’s belief that its output is of direct relevance to the work of WP 

5D on feasibility of IMT in bands above 6 GHz. We submit the following material for your 

consideration and inclusion in working document towards Preliminary Draft Report M.[IMT.ABOVE 

6 GHZ].  

The MiWaveS consortium also expresses the intention to share the project’s findings as they 

become available with future meetings of WP 5D.” 

In the mentioned document the MiWaveS consortium provided ITU-R with the defined scenarios, 

use cases and Key Performance Indicators for the next generation wireless systems towards the WP 

5D’s activity in outlining the system’s key capabilities. These were, at that time, outlined in the draft 

Vision Recommendation. 

It is worth noting that even though the ITU work on the evaluation scenarios was planned to start 

in 2016, MiWaveS was able to demonstrate relevant input material towards that work already in 2014. 

Finally, the MiWaveS project structure was briefly introduced. MiWaveS also learned that 

dosimetric aspects studied in WP1 are out of the WP 5D scope, but project’s work on mmWave 

technology provided valuable supporting material in the WP 5D report on the feasibility of above 6 

GHz bands on International Mobile Telephony.. 

2.1.2 ITU-R WP 5D meeting #20 

During the ITU-R WP5D meeting #20 (Geneva, 15-22/10/2014), several aspects of interest related 

to the MiWaveS project were discussed. The report on technology trends was completed, the report 

on IMT feasibility above 6 GHz and the recommendation on the Vision of IMT beyond 2020 were in 

significant progress. In addition, the meeting agreed on the process and timeline for the IMT 2020 

requirements definition and evaluation. 

Recommendation ITU-R M.[IMT.VISION]: This draft new Recommendation defined what will be 

the roles of IMT and how could IMT better serve society in the future, as well as the framework and 

overall objectives of the future development of IMT for 2020 and beyond, including the radio access 

network. The framework will also consider the future development of IMT as described in the 

Recommendation ITU-R M.1645 

The attachment 3.6 of the general aspects meeting report contains the working document towards 

a preliminary draft new Recommendation (ITU-R M.[IMT.VISION]), and the attachment 3.7 the work 

plan for the document [15]. 

Report ITU-R M.[FUTURE TECHNOLOGY TRENDS]: This report was completed in the WP5D 

meeting, pending official approval by the study group 5 meeting. The report provides a broad view of 

future technical aspects of terrestrial IMT systems considering the time frame 2015-2020 and beyond. 

It includes information on technical and operational characteristics of IMT systems, also considering 
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the evolution of IMT through advances in technology and spectrally-efficient techniques, and their 

deployment. The report is submitted for approval to the ITU-R Study Group 5, but no further 

modifications to the content is expected [16]. 

Report ITU-R M.[TECHNICAL FEASIBILITY OF IMT ABOVE 6 GHz]: This Report is to study and 

provide information on technical feasibility of IMT in the bands above 6 GHz. Technical feasibility 

includes information on how current IMT systems, their evolution, and/or potentially new IMT radio 

interface technologies and system approaches could be appropriate for operation in the bands above 

6 GHz, taking into account the impact of the propagation characteristics related to the possible future 

operation of IMT in those bands. Technology enablers such as developments in active and passive 

components, antenna techniques, deployment architectures, and the results of simulations and 

performance tests are considered. 

Work on this document continued at the meeting with significant rework, and new content was 

included. The document was further improved, but will still be worked on in the coming two WP5D 

meetings in January and June 2015. In the June meeting, meeting #22, the report was completed as 

scheduled [17]. 

A liaison statement to External Organizations was also sent, distributing the current draft for 

information and possible comments outside ITU-R [18].  

Workplan, timeline, process and deliverables for the future development of IMT: ITU-R WP5D 

meeting #20 agreed that the well-known process and deliverable formats utilized for both IMT-2000 

and IMT-Advanced should be utilized also for “IMT-2020” and considered as a “model” for the “IMT 

2020” deliverables to leverage on the prior work. The process and related deliverables were agreed as 

shown in Figure 2-1 and  Erreur ! Source du renvoi introuvable.. 

2.1.3 ITU-R WP 5D meeting #21 

During the January 2015 ITU-R WP 5D meeting #21 (Auckland, New Zealand, 27th January – 4th 

February 2015) several aspects of interest related to MiWaveS were discussed. MiWaveS provided an 

input contribution to that meeting [3], which outlined the detailed work carried out and planned to be 

carried out, and the text provided was targeted towards the ITU-R draft new report assessing the 

feasibility of the above 6 GHz bands for IMT use (ITU-R WP5D Contribution 922), which was introduced 

as Annex 4.5 to the report with some modifications [4].  

The report on IMT feasibility above 6 GHz and the recommendation on the Vision of IMT beyond 

2020 saw significant progress, and the two documents were scheduled for finalization in the WP5D 

meeting #22 in June 2015 [17]. 

Recommendation ITU-R M.[IMT.VISION]: Work on this draft recommendation continued at the 

meeting based on the 11 input documents that were submitted to the meeting. The draft 

recommendation was further improved, and was finalized in the WP5D meeting in June 2015. 

The meeting #21 status of the key performance indicators for the IMT-2020 system is reflected in 

Table 2-2 and Figure 2-2. The user experienced date rate, spectrum efficiency and the reference for 

energy efficiency was to be discussed further in the June WP 5D meeting #22. 
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Table 2-2: The ”IMT-2020” system Key Capabilities in ITU-R WP 5D draft Vision Recommendation 

Parameter User experienced 

data rate 

Peak 

data 

rate 

Mobility Latency Connection 

density 

Energy efficiency  

(for network) 

Spectrum 

efficiency 

(average) 

Area 

traffic 

capacity 

Value for 

“IMT2020”  

 

100 Mbit/s – 

1 Gbit/s 

 

20 

Gbit/s  

 

500 km/h 

 

1 ms 

(radio 

interface)  

 

106 

per km2 in 

massive 

machine 

type 

communicat

ion 

scenarios 

Improved by at 

least by the same 

factor as the 

envisaged traffic 

capacity  

3 times 

IMT-

Advanced 

10 

Mbps/m2 

in hotspots 

Reference 

value for IMT-

Advanced – 

Release 

M.2134 

10 Mbps 

(urban/suburban). 

To be explained 

further. 

1 Gbit/s 350 km/h 10 ms 

(radio 

interface) 

105 per km2  Scenario 

specific 

0.1 

Mbps/m2 

(InH)  

 

The relation of the different key performance indicators to the key identified use cases is visible in 

Figure 2-2. 

 

Figure 2-2: Draft key capabilities on the ”IMT-2020” system in ITU-R WP 5D draft Vision 

Recommendation. 

Report ITU-R M.[TECHNICAL FEASIBILITY OF IMT ABOVE 6 GHz]:  

Work on this report continued at the meeting based on seven input contributions, one of which 

being submitted by MiWaveS member companies. Significant rework was done to the report, and the 

MiWaveS input was included as an Annex to it with some modifications done during the meeting. The 

report was to be completed in the June 2015 WP5D meeting. 

2.1.4 ITU-R WP 5D meeting #22 

In the ITU-R WP5D meeting #22 in June 2015 the preparatory work for the IMT-2020 development 

was completed. More specifically the Vision document was finalized as ITU-R Recommendation 

M.2083 - Framework and overall objectives of the future development of IMT for 2020 and beyond 
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[31], and the Technical feasibility of IMT bands above 6 GHz was approved as an ITU-R Report M.2376 

[32] including the MiWaveS input submitted to earlier meetings, and the official ITU-R name for the 

5G systems was confirmed as IMT-2020. 

2.1.5 ITU-R WP 5D meeting meetings #23, #24, #25 and #26 

The ITU-R WP5D meeting #23 in February 2016 initiated the work on the concrete documentation 

to define the technical performance requirements as well as the detailed evaluation criteria and 

methodology to be used when assessing that a particular technology meets the set requirements. The 

process leading to completing the required documentation is planned for the ITU-R WP5D meeting 

#27 in June 2017. 

A consistent amount of work was processed in the mentioned 4 meetings, but for the sake of room 

and time it is just worth highlighting the most relevant outcomes for the MiWaveS project, as for a 

detailed description of the activities performed in those meeting one can read the related meeting 

minutes available in the ITU website. 

The most relevant info for the MiWaveS project is the definition of the ITU-R IMT-2020 

requirements, as captured in the Technical Performance Requirements document finalized in the 

February 2017 meeting #26, which are summarized here below: 

Table 2-3: Summary of ITU-R IMT-2020 requirements [33] 

Requirement Requirement value 

Peak data rate Downlink peak data rate is 20 Gbit/s 

Uplink peak data rate is 10 Gbit/s 

Peak spectral efficiency Downlink peak spectral efficiency is 30 bit/s/Hz 

Uplink peak spectral efficiency is 15 bit/s/Hz 

User experienced data rate Downlink user experienced data rate is 100 Mbit/s 

Uplink user experienced data rate is 50 Mbit/s 

5th percentile spectral efficiency 

Downlink 

Indoor Hotspot – enhanced Mobile 

BroadBand (eMBB) 

0.3 bits/s/Hz 

Dense Urban – eMBB 0.225 bits/s/Hz 

Rural – eMBB 0.12 bits/s/Hz 

5th percentile spectral efficiency 

Uplink 

Indoor Hotspot – eMBB 0.21 bits/s/Hz 

Dense Urban – eMBB 0.15 bits/s/Hz 

Rural – eMBB 0.045 bits/s/Hz 

Average spectral efficiency 

Downlink 

Indoor Hotspot – eMBB 9 bits/s/Hz 

Dense Urban – eMBB 7.8 bits/s/Hz 

Rural – eMBB 3.3 bits/s/Hz 

Average spectral efficiency Indoor Hotspot – eMBB 6.75 bits/s/Hz 
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Uplink Dense Urban – eMBB 5.4 bits/s/Hz 

Rural – eMBB 1.6 bits/s/Hz 

Area traffic capacity Indoor Hotspot – eMBB downlink: 10 Mbit/s/m2 

User plane latency 4 ms for extreme mobile broadband 

1 ms for ultra-reliable and low latency communications 

Control plane latency 20 ms 

Connection density 1 000 000 devices per km2 

Energy efficiency Proponents are encouraged to describe other mechanisms of 

the RIT/SRIT that improve the support of energy efficient 

operation for both network and device 

Reliability 1-10-5 success probability of transmitting a layer 2 PDU of 32 

bytes within 1 ms in channel quality of coverage edge for the 

Urban Macro-URLLC test environment 

Mobility Indoor Hotspot – eMBB (10 km/h) 1.5 bits/s/Hz 

Dense Urban – eMBB (30 km/h) 1.12 bits/s/Hz 

Rural – eMBB (120 km/h) 0.8 bits/s/Hz 

Rural – eMBB (500 km/h) 0.45 bits/s/Hz 

Mobility interruption time 0 ms 

Bandwidth The requirement for bandwidth is at least 100 MHz.  

The RIT/SRIT shall support bandwidths up to 1 GHz for 

operation in higher frequency bands (e.g. above 6 GHz).  

The RIT/SRIT shall support scalable bandwidth. Scalable 

bandwidth is the ability of the candidate RIT/SRIT to operate 

with different bandwidths 

The detailed text environments, channel models and evaluation methodologies are worked on in 

the document called Guidelines for evaluation of radio interface technologies for IMT-2020, planned 

to be finalized in June 2017 meeting #27. This document outlines the three evaluation deployment 

scenarios referred to by the above table, i.e. Indoor Hotspot, Rural, and Dense Urban. 

Indoor Hotspot: The Indoor Hotspot-eMBB test environment consists of one floor of a building. 

The height of the floor is 3 m and it contains 12 transmission/reception points. 
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Figure 2-3: Indoor hotspot-eMBB layout [34] 

Rural: The base stations are placed in a regular grid, following hexagonal layout with three sectors 

each, as shown in the figure below. 

 

Figure 2-4: Hexagonal cell layout [34] 

Dense-urban: The dense-urban deployment consists of two layers, a macro layer and a micro layer. 

The macro-layer base stations are placed in a regular grid, following hexagonal layout with three 

sectors each, as in the rural case. For the micro layer, there are three micro transmission and reception 

points, which are randomly dropped in each macro transmission and reception point area as in the 

figure below. 

 

Figure 2-5: Dense urban-eMBB layout [34] 
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Table 2-4: Key parameters for different deployment scenarios (tentative) [34] 

 Indoor hotspot-eMBB Dense urban-eMBB Rural-eMBB 

Carrier frequency 4, 30, 70 GHz Macro: 4, 30 GHz 

Micro: 4, 30 GHz 

700 MHz, 4 GHz 

Site-to-site distance 20 m Macro: 200 m 

Micro:  

1732, 8000 m 

BTS antenna height 3 m Macro: 25 m 

Micro: 10 m 

35m 

Max no. of BTS Tx/Rx 

antenna elements 

4 GHz: 256 

30 GHz: 256 

70 GHz: 1024 

256 Tx/Rx 700 MHz: 64 

4 GHz: 256 

BTS power class 4 GHz: 24 dBm 

30 GHz: 23 dBm 

70 GHz: 21 dBm 

Macro 4 GHz: 44 dBm 

Macro 30 GHz: 40 dBm 

Micro: 4 GHz: 33 dBm 

Micro: 30 GHz: 33 dBm 

49 dBm 

Max no. of UE Tx/Rx 

antenna elements 

4 GHz: 8 

30 GHz: 32 

70 GHz: 64 

4 GHz: 8 

30 GHz: 32 

700 MHz: 4 

4 GHz: 8 

UE power class 4 GHz: 23 dBm 

30 GHz: 23 dBm 

70 GHz: 21 dBm 

23 dBm 23 dBm 

 

2.1.6 World Radiocommunication Conference 2015 (WRC-2015) 

Around 3300 participants, representing 162 out of ITU’s 193 Member States attended the four-

week WRC conference in Geneva, held in November 2015 [44]. In addition, some five 500 participants 

representing 130 other entities, including industry, attended the conference as observers. The 

MiWaveS partner companies fall in the category of observers and cannot directly influence the actual 

outcome of the conference. The agenda item 10 was set out to plan for the WRC-19 agenda, and under 

this the band ranges to be studied for mmWaves were discussed. 

The final outcome of the conference [48] was that the following 5G spectrum band ranges with 

mobile allocations to be studied towards WRC-19 are:  

• 24.25-27.5 GHz 

• 37-40.5 GHz 

• 42.5-43.5 GHz 

• 45.5-47 GHz 

• 47.2-50.2 GHz 

• 50.4-52.6 GHz 

• 66-76 GHz 

• 81-86 GHz 
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In addition the following band ranges not having mobile allocation are studied for 5G: 

• 31.8-33.4 GHz 

• 40.5-42.5 GHz 

• 47-47.2 GHz 

 

2.1.7 Further work 

When MiWaveS project ends, the standardization process for 5G in ITU is just halfway. Among the 

several still open points, it is critical to note that the bands mentioned above will be studied for 5G, 

and it is to be expected that only a small portion of those bands will be eventually identified for 5G 

use, during the forthcoming next WRC event, WRC-19, schedule between October and November 

2019. It is therefore key that other research projects, e.g. the forthcoming H2020 projects, and 5GPPP 

[47] partners will carefully track and possibly impact this ongoing process. 

 

2.2 Activities related to 3GPP 

In 2015 also the 3GPP bodies started the discussion on a workplan towards 5G (Figure 2-6) [6].  

At RAN#67 (September 2015), it was decided to start the channel modelling activity for frequency 

bands above 6 GHz and to start the activity on radio requirements for 5G in December 2015, well 

before the project’s conclusion.  

The channel model activity led to the publication of the following document in June 2016: TR 

38.901 “Study on channel model for frequencies from 0.5 to 100 GHz” [35].  

The activity on radio requirements led to the publication of the following document in September 

2016: TR 38.913 “Study on scenarios and requirements for next generation access technologies” [36]. 

 

Figure 2-6: 3GPP Workplan [6] 
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In March 2016 3GPP started the feasibility study on the so called ‘New Radio’, i.e. the new access 

stratum for 5G networks. The work on the feasibility study was completed at RAN#75 (March 2017) 

with the publication of the following documents: 

• TR 38.912 “Study on New Radio (NR) access technology” [37] 

• TR 38.801 “Study on New Radio Access Technology: Radio Access Architecture and 

Interfaces” [38] 

• TR 38.802 “Study on New Radio Access Technology Physical Layer Aspects” [39] 

• TR 38.803 “Study on New Radio Access Technology: RF and co-existence aspects” [40] 

• TR 38.804 “TR for Study on New Radio Access Technology Radio Interface Protocol 

Aspects” [41] 

RAN#75 (March 2017) defined the detailed workplan for Release 15 (see Figure 2-7). The full 

picture of 3GPP Releases towards 5G is depicted in Figure 2-8. 

 

 

Figure 2-7: 3GPP 5G NR – workplan [42] 

 

Figure 2-8: 3GPP Release 15 and Release 16 time-plan. 
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In general, the workplan is based on a phased approach. In Release 14, 3GPP studied the feasibility 

of 5G solutions (SA1 identified the service requirements, SA2 the system architecture and RAN the 

radio access technology). Based on the study phase, technical specifications are derived in two phases. 

Phase 1 will be delivered within the Release 15 timeframe (with currently planned completion date set 

to June 2018). This phase will mainly focus on the eMBB use case, and will provide technical 

specifications for the new radio access technology and the foundations of the next generation Core 

Network. However, the work must be done by taking into account that a following phase will be 

worked on with Release 16, whose completion is currently planned for December 2019. Therefore, the 

solutions specified in Release 15 must allow Release 16 to be built on such foundations set in 2018 

(this is indicated within 3GPP as ‘forward compatibility’). The Release 16 specifications must fulfil all 

the requirements and be ready for incorporation in the ITU-R technical description of IMT-2020. 

Finally, a number of operators indicated the willingness to anticipate in 2018 the commercial 

launch of 5G services. As a consequence, it was decided to anticipate around the end of 2017 a 

preliminary set of specifications based on an LTE-assisted approach (see Figure 2-9). The new radio 

access technology will be mainly used for capacity enhancements of current LTE networks (with the 

possibility to operate the new radio on new bands, e.g. 28 GHz). No modifications are required in the 

LTE Core Network (EPC), apart from the capability to handle greater throughputs than today. In fact, 

the EPC will be connected to an LTE base station (eNB) via the current S1 interface. The new radio base 

station will be connected to the LTE eNB by exploiting the “dual connectivity” feature, and the 5G 

device will have to connect to both base stations: the LTE one will ensure the signaling flow with the 

core network (e.g. mobility management, paging – dotted line in Figure 2-9), while the user data will 

be carried both by the new radio base station and by the LTE base station (continuous line in Figure 

2-9). This approach requires “only” the definition of the low layers of the new radio, with no functional 

change to EPC and therefore it is quicker to specify and commercialize. Note that 3GPP ruled out the 

possibility for a new radio base station alone to attach to the LTE CN: a new radio base station in stand-

alone deployment (i.e. not used in “dual connectivity” with LTE eNB) will connect only to the next 

generation core. 

 

Figure 2-9: LTE-assisted approach 
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The objectives of the normative work to be completed in Release 15 on New Radio are described 

in [43]. It is worth noting that the scope of the activity clearly states that the NR under this work item 

should consider frequency ranges up to 52.6 GHz. Higher frequency bands will be addressed in further 

releases. 

Telecom Italia and NID compiled MiWaveS internal meeting reports on the main MiWaveS-related 

standardization work and outcomes of RAN meetings, starting in September 2014 (RAN#65). The 

meeting reports were circulated within the WP7 participants and stored to the MiWaveS document 

data base. The following sections present the progress made in 2016 and early 2017.  

2.2.1 3GPP SA1 # 74 – Presentation to the 3GPP by MiWaveS 

The MiwaveS consortium made a presentation at the 3GPP TSG-SA WG1 Meeting #74 (Venice, 

Italy, 9-13 May 2016). 

The discussion paper entitled “Millimeter-wave use cases for 5G systems: the vision of the 

MiWaveS project” [49] was presented by Intel and was co-sourced by Intel, Telecom Italia, National 

Instruments, and Nokia. It had the scope of giving an overview of MiWaves use cases and key technical 

challenges, so to at the same time inform the 3GPP SA1 group of the work done in the MiWaveS project 

and get from the audience some feedbacks on the proposed use cases. 

The structure of the discussion paper focused on providing the most meaningful set of information 

in the shortest possible format to the 3GPP SA1 group. Each one of the five use cases worked on in the 

project, e.g.:  

• UC1: Urban street-level outdoor mobile access and backhaul system 

• UC2: Massive public events and gatherings, 

• UC3: Indoor wireless networking and coverage from outdoor, 

• UC4: Rural detached small-cell zones and villages, 

• UC5: Hotspot in shopping malls. 

was explained, for each of them the main assumptions and technical challenges were listed, and 

finally relevant Key performance indicators were driven out of each use case. 

The discussion paper was presented in front of an audience of around 50 people and a short 

discussion followed its presentation, mainly focusing on clarifying few aspects of use case 3 and use 

case 5, the ones that raised most of the interest. Offline discussion continued, after the presentation 

along the week of the SA1 meeting. 

The general feedback received from most of the 3GPP SA1 delegates was that all the proposed use 

cases were relevant for the forthcoming work of defining the 5G system. 

2.2.2 3GPP RAN1 # 84bis 

In 3GPP RAN1 # 84bis meeting (Busan/Korea, 11-15/4/2016), work on the study item for new radio 

[26] started. This work provides a proof-of-concept and serves as a basis for the actual normative work 

in the work item phase which started about 1 year later (see section 2.2.8).  

In the beginning, all companies presented their technical vision for the new radio. Erreur ! Source 

du renvoi introuvable. lists overview contributions from selected leading companies. 
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Table 2-5: NR overview contributions from selected leading companies 

Important technical discussion items with impact on for frequencies above 6 GHz were the 

numerology, waveforms and channel coding.  

Table 2-6 provides an overview over numerologies which have been proposed by selected companies 

for new radio for frequencies above 6 GHz. 

Table 2-6: Overview about proposed numerologies for NR for frequencies above 6 GHz. 
 

f_c 

[GHz] 

SC 

[kHz] 

FFT 

[Size] 

BW 

[MHz] 

MSps Symb 

duration 

[us] 

CP [us] TTI 

[ms] 

symbs 

per TTI 

TDoc 

Samsung < 40 75 2048 100 

     

R1-

163536 
> 40 150 

      

Intel < 40 75 2048 

 

153.66 13.3 0.95 0.2 14 R1-

162386 
> 40 375 

 

768.00 2.7 0.19 0.1 35 

LG > 6 75 2048 100 

 

13.3 0.94 0.2 14 R1-

162518 
300 400 

 

3.3 0.24 0.05 14 

Nokia 3…40 120  200 245.76 8.34 0.6 0.125 14 R1-

162894 
20…100 240  400 491.52 4.17 0.3 0.125 28 

960  1600 1966.08 1.04 - 0.125 120 

Contributor TDoc Title 

Samsung R1-162171 

R1-162172 

General design principles for 5G new radio interface: System operations 

General design principles for 5G new radio interface: Key functionalities 

Huawei R1-162144 

R1-162145 

Flexible air interface for 5G 

Overview of radio access mechanism for 5G 

Nokia R1-162882 

R1-163294 

Requirements for the 5G New Radio physical layer 

Basic principles for the 5G New Radio access technology 

Qualcomm R1-162192 Frequency scalable NR design from < 1GHz to mmW 

Ericsson R1-163215 

R1-163216 

Overview of NR 

Some design principles for NR 

Intel R1-162379 

R1-162380 

Overview of new radio access technology requirements and designs 

Overview of antenna technology for new radio interface 

LG R1-162512 

R1-162513 

Overview of new radio interface design 

Discussion on new radio design and requirements in consideration of various 

use cases 

NTT R1-163105 

R1-163106 

Overview of eMBB operation for NR access technology 

Overview of mMTC and URLLC for NR access technology 
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Huawei > 6 60 

   

16.7 1.2 0.125 7 R1-

162156 

Ericsson < 40 15 4096 

 

61.44 66.7 norm: 288 

ext: 1024 

 

norm: 7 

xt: 6 

R1-

163227 
30 

 

122.88 33.3 

 

60 

 

245.76 16.7 

 

Erreur ! Source du renvoi introuvable. summarizes the waveforms which have been proposed for 

new radio by several companies. 

Table 2-7: Proposed waveforms for NR. 

Company Proposals 

CATR OFDM, FBMC, F-OFDM, UFMC 

Cohere, AT&T, CMCC, 

Telefonica, Telstra 

Orthogonal Time Frequency Space (OTFS) modulation (an overlay to OFDM 

system using symplectic Fourier Transform which uses IDFT as the second basis) 

Ericsson OFDM 

Fujitsu FBMC, GFDM, UFMC, OFDM, SC-OFDM 

Huawei/HiSilicon OFDM-based waveform, uniform design for DL/UL/side link 

Idaho National Lab FBMC and Frequency Spreading (FS)-FBMC 

Intel OFDM, FBMC, UFMC, GFDM, F-OFDM 

Interdigital OFDMA, SCFDMA for eMBB. DFT spread OFDM (zero tail and unique codeword 

versions) 

LG OFDM based waveform, flexible CP/zero prefix UFMC 

MediaTek OFDM based waveform 

Mitsubishi OFDM and SC-FDM 

Nokia/ALU UF-OFDM, DFT-S option, CP-OFDM, ZT-DFT-S-OFDM, Null CP Single Carrier 

NTT Docomo CP-OFDM, W-OFDM, F-OFDM, FBMC/OQAM (evaluation results only) 

Panasonic CP-OFDM, FBMC, UFMC, F-OFDM, GFDM, FTN 

Qualcomm Single carrier, SC-FDM w/WOLA, ZT DFT-OFDM, OFDM w/ or w/o WOLA, UFMC, 

FCP-OFDM, FBMC 

Samsung OFDM based waveforms 

For channel coding, three different forward error correction schemes have been proposed: 

• Turbo coding, 

• LDPC, 

• Polar codes 

 

2.2.3 3GPP RAN1 # 85 

During 3GPP RAN1#85 (Nanjing, 23-27/05/2016), discussion on the study item for new radio 

continued. Considering mmWave-related aspects, discussions on phase noise (PN) and power amplifier 

aspects were of interest. Table 2-8, Erreur ! Source du renvoi introuvable., and Erreur ! Source du 

renvoi introuvable. show selected contributions about phase noise, power amplifier impacts and other 

mmWave-related aspects, respectively. 

Table 2-8: 3GPP RAN1#85 contributions related to phase noise 

TDoc # Title Source 

R1-163984 Discussion on phase noise modeling Samsung 

R1-164041 Phase noise model for above 6GHz Huawei, HiSilicon 
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R1-164888 Phase Noise in High Frequency Bands for New Radio 

Systems 

CMCC 

Table 2-9: 3GPP RAN1#85 contributions related to power amplifier models 

TDoc # Title Source 

R1-164721 On justification of the parameter selection for PA models 

in link level evaluation 

Huawei, HiSilicon 

R1-165006 On the evaluation of PA model Nokia, Alcatel-Lucent Shanghai 

Bell 

R1-165422 Performance of GPO and OFDM with PA model and 

windowing 

IITH, CEWiT, Reliance-jio, Tejas 

Networks 

R1-165035 NR Candidate Waveforms: UL Performance Issues for 

PAPR, Out-of-Channel Emissions, and RF Front-End 

Linearity/Efficiency 

Skyworks 

Table 2-10: 3GPP RAN1#85 contributions related to mmWave aspects 

TDoc # Title Source 

R1-164295 Overview on NR MIMO for above-6 GHz ZTE 

R1-164380 Frame Structure Design Considerations for Bands above 6 

GHz 

Huawei, HiSilicon 

R1-164566 Maximum Supported Modulation Order for above 6GHz LG Electronics 

R1-164807 Discussion on consistent pathloss model between below 

6GHz and above 6GHz 

Samsung 

R1-164808 Remaining details on blockage modelling for above 6 GHz 

channel model 

Samsung 

R1-164809 Remaining details on spatial consistency for above 6 GHz 

channels 

Samsung 

R1-165056 Views on antenna configuration for above-6GHz NR CATT 

R1-165167 Beamforming Considerations for above 6 GHz 

Deployment Scenarios 

MediaTek Inc. 

R1-165286 Large scale calibration results of channel model for 

frequency spectrum above 6 GHz 

CATR 

 

Based on those contributions and discussions, it was agreed [27] that companies should use the 

following PN model principles for evaluation of NR for above 6GHz:  

• Phase noise model for UE should be considered for the evaluation by default. 

• Implementation cost, complexity and power consumption at the UE should be taken into 

account. 

• The PN modelling in Transmission Reception Point (TRP) is For Further Study (FFS). 

• A realistic PN model should consider total oscillator Power Spectral Density (PSD) including the 

impact of reference clock, loop filter noise and Voltage Controlled Oscillator (VCO) sub-

components. (e.g. Phase-Locked Loop (PLL)-based model, multi-pole/zero model) 

• Each company should provide the model and the parameters used for the evaluation. 

• The oscillator PSD level increases by 20dB per decade of increase of the carrier frequency as a 

baseline to scale PSD level 

• A different parameter set of PN model can be defined for a specific target frequency. 

• Companies are encouraged to provide link level evaluation results obtained with the phase 

noise model. Following phase noise models are provided as examples which are captured in 

R1-165685 (in pages 5 – 8): 

o UE model in R1-164041, 

o Proposed WF in R1-165005, 

o Model A in R1-163984, 
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o mmMAGIC high and low model. 

• Other phase noise models are not precluded. 

• Companies should provide information which phase noise model is applied for the evaluation. 

2.2.4 3GPP RAN1 # 86 

During the 3GPP RAN1#86 meeting (Gothenburg, 22-26/08/2016) a down-selection of waveform 

options took place.  It was agreed [28] that at least up to 40 GHz, for eMBB and URLLC services,  

• CP-OFDM without specified low-PAPR/CM technique(s) is recommended to be supported for 

the UL, 

• For data transmission, additional low-PAPR/CM technique(s) is only considered for UL from 

RAN1 specification perspective: 

o Additional low-PAPR/CM technique(s) for special DL signals such as sync signals is FFS, 

o Additional low-PAPR/CM technique(s) for other UL signals/channels is FFS, 

• Additional low PAPR/CM technique(s), if specified, and CP-OFDM without specified low-

PAPR/CM technique(s) for UL are considered as complementary to each other. 

Furthermore, it was agreed [28] that when considering DL and UL waveforms for spectrum band 

above 40GHz, i.e., the frequency bands considered in MiWaveS, RAN1 should at least consider the 

impact of low PA efficiency, and phase noise and Doppler impairments. 

2.2.5 3GPP RAN1 # 86bis 

During the 3GPP RAN1#86bis meeting (Lisbon, 10-14/10/2016), discussions took place on how to 

compensate effects due to phase noise for carrier frequencies above 6 GHz. Some of the most relevant 

contributions are listed in Table 2-11  

Table 2-11: 3GPP RAN1#86bis contributions related to phase noise, its estimation and compensation. 

TDoc # Title Source 

R1-1608781 Discussion on phase noise compensation RS for NR CATT 

R1-1608822 Reference signal design for phase noise compensation in 

HF 

Huawei, HiSilicon 

R1-1609100 On the support of compensation of phase rotation in NR Samsung 

R1-1609261 Discussion on Common Phase Error Compensation for 

Above 6GHz 

LG Electronics 

R1-1609301 Discussion on phase noise modeling CMCC 

R1-1609529 Study of phase noise tracking Intel Corporation 

R1-1609911 On the need of phase noise correction reference signal InterDigital Communications 

 

It was agreed [29] that for the CP-OFDM waveform, for the RS enabling phase tracking, the 

following should be studied: 

• Time domain pattern: 

o Alt-1: Continuous mapping, i.e., on every OFDM symbol, 

o Alt-2: Non-continuous mapping, e.g., every other OFDM symbol, 

o Switching between Alt-1 and Alt-2 can also be considered, 

• Frequency domain pattern 

o Alt-A: Shared and across full carrier bandwidth with fixed density/spacing, 

o Alt-B: Within each UE’s scheduled bandwidth and with configurable density/spacing, 

o Other patterns are not precluded, 

• Other properties 

o UE-specific and/or non-UE-specific, 

o Port multiplexing such as FDM/TDM/CDM, 

o Potential sharing across users/streams, 
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o On-off configuration. 

Table 2-12 lists other mmWave-related contributions with focus on waveforms and MIMO 

performance. 

Table 2-12: 3GPP RAN1#86bis contributions related to mmWave aspects. 

TDoc # Title Source 

R1-1608574 LS on Characteristics of terrestrial IMT systems for frequency 

sharing/interference analysis in the frequency range between 

24.25 GHz and 86 GHz 

RAN4, Nokia 

R1-1608660 Unified MIMO framework for NR above and below 6GHz ZTE, ZTE Microelectronics 

R1-1609111 Multiplexing of synchronization signals and system information 

delivery channels for below 6 GHz and above 6 GHz 

Samsung 

R1-1609140 Remaining evaluation assumption for dense urban macro with 

30GHz frequency 

Samsung 

R1-1609166 MIMO SLS calibration results for NR on 30GHz frequency band Samsung Electronics Co., Ltd 

R1-1609167 Evaluation scenarios and assumptions for DL mobility at above 

6GHz  

Samsung Electronics Co., Ltd 

R1-1609261 Discussion on Common Phase Error Compensation for Above 

6GHz 

LG Electronics 

R1-1609288 MIMO LLS calibration results for NR on 30GHz frequency band Samsung Electronics Co., Ltd 

R1-1609427 Evaluation and discussion on CP types for above 6GHz Huawei, HiSilicon 

R1-1609428 Numerology for 70 GHz and above Huawei, HiSilicon 

R1-1609493 Single carrier based waveform for high frequency bands above 

40 GHz 

Intel Corporation 

R1-1609494 Further discussion on GI-DFT-s-OFDM for high frequency bands 

above 40 GHz 

Intel Corporation 

R1-1609532 Evaluation results of NR above 6GHz Intel Corporation 

R1-1609567 On UL Waveforms below 40 GHz Nokia, Alcatel-Lucent 

Shanghai Bell 

R1-1609596 Waveform Simulation Results for Above 40 GHz Nokia, Alcatel-Lucent 

Shanghai Bell 

R1-1609597 Waveform proposal for carrier frequencies beyond 40 GHz Nokia, Alcatel-Lucent 

Shanghai Bell 

R1-1609599 Way forward waveform for carrier frequencies beyond 40 GHz Nokia, Alcatel-Lucent 

Shanghai Bell, Mitsubishi 

Electric, InterDigital 

Communications 

R1-1609636 On NR Operation in the 60 GHz Unlicensed Band Ericsson 

R1-1609713 Discussions on simulation scenarios of NR eV2X at 63GHz Ericsson 

R1-1609889 Waveform design considerations for carrier frequencies above 

40 GHz 

InterDigital Communications 

R1-1610155 Phase 1 calibration results for above 6GHz and Phase 2 

calibration assumptions 

Qualcomm Incorporated 

R1-1610172 DL mobility in above 6 GHz bands Qualcomm Incorporated 

R1-1610224 Coexistence of DFTsOFDM and OFDM in UL below 40GHz Mitsubishi Electric RCE 

R1-1610259 SU-MIMO Performance Characteristics in UMa 30GHz Nokia, Alcatel-Lucent 

Shanghai Bell 

R1-1610260 MU-MIMO Performance Characteristics in UMa 30GHz Nokia, Alcatel-Lucent 

Shanghai Bell 

 

In addition to the RAN1#86 agreements on waveforms, it has been agreed that [29]: 

• NR support the DFT-S-OFDM based waveform complementary to the CP-OFDM waveform, at 

least for the eMBB uplink for up to carrier frequencies of40GHz: 
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o FFS additional low PAPR techniques,  

o  CP-OFDM waveform can be used for a single-stream and multi-stream (i.e. MIMO) 

transmissions, while DFT-S-OFDM based waveform is limited to a single stream 

transmissions (targeting for link budget limited cases), 

o Network can decide and communicate to the UE which one of CP-OFDM and DFT-S-

OFDM based waveforms to use ( Note: both CP-OFDM and DFT-S-OFDM based 

waveforms are mandatory for UE) 

• RAN1 should target for a common framework in designing CP-OFDM and DFT-S-OFDM based 

waveforms (without compromising CP-OFDM performance/complexity), e.g., control 

channels, RS, etc. 

• Discuss further offline for possible refined evaluation assumptions/methodology for 

waveform evaluations. 

2.2.6 3GPP RAN1 # 87 

In 3GPP RAN1#87 meeting (Reno, 11-15/11/2016), down selection of channel coding schemes for 

data and control channel for eMBB use case happened. It has been agreed that [30]: 

• UL eMBB data channels: 

o adopt flexible LDPC as the single channel coding scheme for small block sizes 

o (Note that it is already agreed to adopt LDPC for large block sizes) 

• DL eMBB data channels: Adopt flexible LDPC as the single channel coding scheme for all block 

sizes 

• UL control information for eMBB: Adopt Polar Coding (except FFS for very small block lengths 

where repetition/block coding may be preferred) 

• DL control information for eMBB: adopt Polar Coding (except FFS for very small block lengths 

where repetition/block coding may be preferred) 

Further discussions focussed on reference signal design for phase tracking with the following 

agreements [30]: 

• RS for Phase tracking is denoted as PT-RS 

o FFS: Naming of RS, 

• PT-RS supports the following for CP-OFDM: 

o Time-domain density of PT-RS: mapping on every symbol and/or every other symbol 

and/or every 4th symbol: 

� FFS: Whether/how to down-select the time-domain density, 

� Note: Other time-domain densities of PT-RS are not precluded, 

o At least for UL: 

� The presence of PT-RS is UE-specifically configured - FFS: Whether implicit 

and/or explicit UE-specific configuration is supported, 

� PT-RS is confined in the scheduled time/frequency duration for a UE 

o FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL, 

• The following are to be studied for PT-RS: 

o Number of PT-RS ports to be supported, 

o Use of precoding, 

o QCL relationship with other RS, e.g., DM-RS, 

o Details on frequency domain pattern(s) and/or variable frequency domain densities, 

o Whether PT-RS is necessary for DFT-s-OFDM waveform, 

o Sharing of time/frequency resource between PT-RS among UEs and/or among layers 

of a single UE, 

o Additional usage for estimating residual frequency offset and/or high-speed channel, 

o Possible method(s) to improve phase estimation performance from PT-RS, e.g., using 

ZP/NZP PT-RS to reduce interference, 



MiWaveS Deliverable D7.2.3 

Dissemination level: Public (PU) Page 30 / 53 

o Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or 

BW, the number of scheduled layers, or use dedicated signalling, 

o Others are not precluded, 

• FFS whether new RS is introduced or extended DMRS is used for phase tracking. 

 

A selection of relevant contributions related to phase noise and general mmWave-related aspects 

is presented in Table 2-13 and Table 2-14 

Table 2-13: 3GPP RAN1#87 contributions related to phase tracking. 

TDoc # Title Source 

R1-1611240 Reference signal design for 

phase tracking 

Huawei, HiSilicon 

R1-1611382 Discussion on phase tracking 

RS for NR 

CATT 

R1-1611809 Reference Signal for 

Frequency offset and Phase 

Tracking 

LG Electronics 

R1-1611810 Discussion on Phase Tracking 

RS for UL transmission 

LG Electronics 

R1-1611811 Discussion on Phase Tracking 

RS for Multi-Antenna 

LG Electronics 

R1-1611981 On phase tracking for NR Intel Corporation 

R1-1612054 Phase and frequency tracking 

reference signal 

considerations 

Qualcomm Incorporated 

R1-1612186 Phase noise reference signal 

design for high frequency 

systems 

CMCC 

R1-1612187 Phase noise modeling and 

reduction 

CMCC 

R1-1612333 Design considerations for 

phase noise tracking RS 

Ericsson 

R1-1612335 On phase noise effects Ericsson 

R1-1612338 On phase tracking in DFT-S-

OFDM waveform 

Ericsson 

R1-1612499 Frequency domain pattern for 

RS for phase tracking 

Samsung 

R1-1612610 Harmonized Reference Signal 

Structure for Phase Noise & 

Reciprocity  

National Instruments 

R1-1612624 Study of Time and Frequency 

Density of Phase Noise RS 

National Instruments 

R1-1612639 Impact of phase noise 

reference signals on the link 

performance 

InterDigital 

R1-1612720 Views on RS for phase tracking NTT DOCOMO, INC. 

R1-1612860 On RS Design for Phase 

Tracking in NR 

Nokia, ASB 
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Table 2-14: 3GPP RAN1#87 contributions related to mmWave. 

TDoc # Title Source 

R1-1611197  Discussion and evaluation on CP length for above 6GHz Huawei, HiSilicon 

R1-1611199  On the maximum carrier bandwidth for supporting 1GHz contiguous 

spectrum 

Huawei, HiSilicon 

R1-1611362  NR wider bandwidth operation up to 1GHz CATT 

R1-1611805  UE antenna array structure for above 6GHz NR LG Electronics 

R1-1611964  Multiplexing of PSS and SSS in above 6GHz Intel Corporation 

R1-1611966 PSS Design for Above 6GHz Intel Corporation 

R1-1612044  DL/UL mobility in above 6 GHz bands Qualcomm 

Incorporated 

R1-1612061  Phase 1 calibration results for above 6GHz and Phase 2 calibration 

assumptions 

Qualcomm 

Incorporated 

R1-1612127  Link Level Simulation Results for NR Initial Synchronization above 6 

GHz with Updated Evaluation Assumptions 

MediaTek Inc. 

R1-1612131  Beam recovery considerations for above-6GHz MediaTek Inc. 

R1-1612378  UW DFTsOFDM performance evaluation above 40GHz Mitsubishi Electric 

R1-1612456  Discussion on essential SI delivery for over6GHz Samsung 

R1-1612465  Initial access procedure for over6GHz Samsung 

R1-1612472  Discussion on mobility RS BW for over6GHz Samsung 

R1-1612495  DL beam management RS for multi-beam >6GHz Samsung 

R1-1612520  MIMO LLS phase 1 calibration results for NR on 30GHz frequency band Samsung 

R1-1612521 MIMO LLS phase 2 calibration results for NR on 30GHz frequency band Samsung 

R1-1612522  MIMO SLS phase 1 calibration results for NR on 30GHz frequency band Samsung 

R1-1612523 MIMO SLS phase 2 calibration results for NR on 30GHz frequency band Samsung 

R1-1612588  Single carrier based waveform for high frequency bands above 40 GHz Intel Corporation 

R1-1612589  Further discussion on GI-DFT-s-OFDM for high frequency bands above 

40 GHz 

Intel Corporation 

R1-1612771  Performance of Dynamic TDD at 30 GHz Ericsson 

R1-1612776  On NR Operation in the 60 GHz Unlicensed Band Ericsson 

R1-1612843  Impact of Antenna Panel Array Structures in UMa 30GHz Nokia, ASB 

R1-1612849  DL SU-MIMO Performance Characteristics in UMa 30GHz Nokia, ASB 

R1-1612850  DL MU-MIMO Performance Characteristics in UMa 30GHz Nokia, ASB 

R1-1612940  Discussions on simulation scenarios of NR eV2X at 63GHz Ericsson 

R1-1612015  Mini-slot design for mmW Qualcomm 

Incorporated 

R1-1612016  Multi-TTI and size of slot/minislot and impact to mmW Qualcomm 

Incorporated 

R1-1612017  Tone spacing and CP type for mmW Qualcomm 

Incorporated 

R1-1612020  Minimum system bandwidth for MMW Qualcomm 

Incorporated 

R1-1612338  On phase tracking in DFT-S-OFDM waveform Ericsson 

R1-1612559  Low PAPR modulation and waveform Samsung 

R1-1612588  Single carrier based waveform for high frequency bands above 40 GHz Intel Corporation 

R1-1612590  Views on multiple NR waveform proposals for high bands Intel Corporation 

R1-1612877 Evaluation of UW DFT-s-OFDM as a zero-length CP waveform for high 

speed train scenario 

Mitsubishi Electric 

Co. 

R1-1613002 Low PAPR modulation for DFT-s-OFDM based waveform Huawei, HiSilicon 
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2.2.7 3GPP RAN1 # 88 

The RAN 1 # 88 meeting to place in Feb 2017. This meeting concludes the study item phase by 

endorsing a number of relevant technical reports which summarize the study item phase 

• TR 38.802 Erreur ! Source du renvoi introuvable.: The report “Study on New Radio Access 

Technology – Physical Layer Aspects” provides guidance for how the New Radio physical 

layer should be designed. 

• 38.803 Erreur ! Source du renvoi introuvable.: The report “Study on New Radio Access 

Technology – RF and co-existence aspects” provides guidance about the test methodology 

and performance parameters, such as EVM and frequency accuracy, to be specified. 

 

• 38.804 Erreur ! Source du renvoi introuvable.: The report “Study on New Radio Access 

Technology – Radio Interface Protocol Aspects” provides guidance for how the New Radio 

higher layers should be designed.  

These documents serve as a technical foundation for the work item phase which started with the 

RAN1 # 88bis meeting which is summarized in the next section. 

2.2.8 3GPP RAN1 # 88bis 

The RAN1 # 88bis meeting took place in April 2017. This meeting indicates the start of the normative 

work for New Radio. The three work areas below are of particular importance for mmWave.  

• Initial access 

o  PSS, SSS, PBCH design and content 

o PRACH preamble design and procedure  

• Pilot design (reference signal framework) for down- and uplink 

o DM-RS: Demodulation reference signal 

o CSI-RS: Channel state information reference signal 

o PT-RS: Phase tracking reference signal 

o SRS: Sounding reference signal 

o TRS: Fine time and frequency tracking reference signal 

• Beam management  

Beam management covers four tasks 

o Beam determination: for TRP(s) or UE to select of its own Tx/Rx beam(s). 

o Beam measurement: for TRP(s) or UE to measure characteristics of received 

beamformed signals 

o Beam reporting: for UE to report information of beamformed signal(s) based on 

beam measurement 

o Beam sweeping: operation of covering a spatial area, with beams transmitted and/or 

received during a time interval in a predetermined way 

Beam management is implemented through 3 procedures which are being discussed on a 

physical layer and medium access control layer level. Beam management also provides 

means to recover from beam failure. 

Skeletons of the respective specification documents have been created. They are available under 

http://www.3gpp.org/ftp/Specs/archive/38_series/. For RAN1 this includes the specifications shown 

in Table 2-15. 

Table 2-15. New radio specifications relevant for RAN 1. 

Specification # Specification Title 

38.201 TS Physical layer; General description 

38.202 TS Physical layer services provided to upper layer 
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38.211 TS Physical channels and modulation 

38.212 TS Multiplexing and channel coding 

38.213 TS Physical layer procedures for control 

38.214 TS Physical layer procedures for data 

38.215 TS Physical layer measurements 

 

2.3 Activities related to NGMN 

MiWaveS provided an input contribution for the NGMN Conference in Frankfurt am Main, 

24/25.3.2015 [7]. The NGMN conference had a focus on 5G, and was strongly connected to the 

released white paper of NGMN [46]. MiWaveS used the opportunity to present its research impact, to 

be considered as an enabler for 5G technology. 

The presentation was constructed to first describe the 5G goals in terms of system capabilities and 

serving diverse applications, then to outline the 5G performance targets in more detail. The MiWaveS 

project structure was presented as shown in Figure 2-10. 

 

Figure 2-10: MiWaveS project structure as shown in the NGMN Conference [7] 

The presentation further showed the MiWaveS projects target use cases, scenarios (not detailed 

here, for more info one can read [49]) and requirements: 

• Use cases: 

o UC1: Urban street-level outdoor mobile access and backhaul system 

o UC2: Massive public events and gatherings, 

o UC3: Indoor wireless networking and coverage from outdoor, 

o UC4: Rural detached small-cell zones and villages, 

o UC5: Hotspot in shopping malls. 

• Requirements: 

o High end-user capacity (multi-Gbps data rate) and site capacity (>10 Gbps 

aggregated capacity), 

o Ease of small-cell APs installation, configuration and management, 
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o Interconnection of APs by short backhaul hops, achievable with reasonable 

antenna sizes, energy consumption and equipment cost. 

Then, the technical core of the presentation focused on self-organized multi-hop backhaul link 

related to the work done in MiWaveS WP2. The detailed method for the mmWave AP to establish the 

backhaul link was described starting from high level scenario description with setup phases, then 

describing the physical layer operation in detail. After establishing the basis, an example case was 

described. Finally, energy efficiency techniques based on small-cell on-off principle, also applicable to 

mmWave small cells, were introduced. 

• Small cell on-off procedure are part of LTE rel-12 to optimize the network energy, 

• Small cells may be densely deployed to cater for possible peak traffic demands, 

• In low traffic periods, these cells are switched off for energy saving, 

• In a HetNet, a centralized network management method, can switch off all the small cells 

in the coverage of a macro cell, 

• Alternatively, a decentralized scheme operating on an individual cell basis, 

• To avoid excessive unnecessary on-off switches, a margin on top of the theoretical 

threshold is needed, 

• Different traffic models, are analysed and simulated to study the energy saving gain. 

NGMN has established various working groups, dealing with aspects like 5G Architecture and 

Spectrum. Several MiWaves Partners are involved in these activities as well. 

In April 2015, MiWaveS received a Liaison Statement from NGMN offering the consortium the 

opportunity to provide a feedback on the White Paper. Response sent in October 2015 highlighted the 

following topics: 

• Due to early start of project (“paving the way to 5G”), NGMN use cases, KPI and 

requirements could not be taken into direct consideration in the implementation phase of 

MiWaveS’ key technologies and proof-of-concepts, 

• Nevertheless, project conclusions are very well aligned with the NGMN white paper 

content, 

• NGMN white paper provides very good hints on how to engage in discussions with 

international regulatory bodies in order to elaborate on the availability of mmWave 

spectrum bands, needed to support wideband carrier multi-operator scenarios. 

Finally, MiWaveS organized a live demonstration at the NGMN Industrial Conference in Frankfurt, 

12-13 October 2016 (see Figure 2-11).  The demonstration comprised radio and base band for a V-Band 

access link. The demonstration illustrated the different steps which are part of an efficient beam 

steering algorithm for the access link, developed in MiWaveS. The demonstration addressed the 

NGMN target of presenting first testing results “Operator and industry leaders as well as subject matter 

experts will give an outlook on future 5G services and will discuss with the audience the required 

ecosystem and market conditions. They will envision the enabling 5G technology platform and present 

first testing results together with the most critical milestones ahead.” Beamalignment is one of the 

core enabling technologies for exploiting the potentials of mmWave and was the topic of theoretic and 

experimental investigations of MiWaves. The demonstration showed the feasibility of beamalignment 

for a cellular system working on mmWave band. Furthermore, it showed proper working for an 

example implementation using integrated transceiver and antenna units afflicted with impairments. 



MiWaveS Deliverable D7.2.3 

Dissemination level: Public (PU) Page 35 / 53 

The used algorithm is able to reduce the pilot overhead significant compared to traditional 

beamalignment methodologies (exhaustive search). 

 

Figure 2-11. MiWaveS booth at the NGMN industry conference in Frankfurt. Live demonstration of 

beamsteering for the V-band access link. 

The demonstration showed the individual steps of the execution of the algorithm using the real 

world channel and allowed the audience to interact with the mmWave system, impact the execution 

of the beamsteering algorithm and investigate the results through the user interface shown in Figure 

2-12. 

 

Figure 2-12. Interactive user interface explaining the beamsteering algorithm. 

The demonstration was among the very few demonstrating an actual over the air transmission. It 

drew significant attention and stimulated discussions about the beam steering algorithm. The 

audience was also interested in more general system design questions, such as the feasibility of indoor 

coverage from outdoors, or the required density of fibre access nodes to the core network.  
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2.4 Activities related to ETSI ISG mWT 

ETSI Industry Specification Group on millimetre Wave Transmission (ETSI ISG mWT) was 

established in December 2014 with the aim “to facilitate the use of the V-band (57-66 GHz), the E-band 

(71-76 & 81-86 GHz) and in the future higher frequency bands (from 50 GHz up to 300 GHz) for large 

volume applications in the back-hauling and front-hauling to support mobile network implementation, 

wireless local loop and any other service benefitting from high speed wireless transmission.”  

mWT intends to address the whole industry value chain with emphasis on: 

• Working on current and future regulations and licensing schemes for the use of suitable 

spectrum in different countries, 

• Putting in communication the whole industry chain to share and circulate public 

information regarding the applications in field in order to favour faster and more effective 

decisions on investments needed to provide new technologies, features and equipment, 

• Influencing standards for the deployment of the products, 

• Enhancing the confidence of all stakeholders and the general public in the use of mmWave 

technologies. 

One of the main purpose of the ISG mWT is to provide a platform and opportunity for companies, 

organizations and any other stakeholder involved in the microwave and millimetre wave industry chain 

to exchange technical information. 

In December 2016 the ETSI Board approved a 2-year extension of the mWT ISG (i.e. prolonging it 

up to the end of 2018) and content of modified Terms of Reference. The so called ‘traditional 

microwave’ bands (6…42 GHz) were included into the agenda as well. 

The ISG mWT aims to be a worldwide initiative with global reach, and for that it set up a number 

of work items: 

• Work Item #1: Maturity and field proven experience of millimeter wave transmission  

- The purpose of this WI is to produce an informative white paper to enhance operator 

and regulator confidence in millimetre wave transmission (mWT) Overview of 

(traditional) propagation and availability models for mWT and their status Share 

measurement results and experience from trials, deployments and 

propagation/availability test ranges of mWT. Address also additional experience in 

new dense urban street level environment (macro to small cell, as well as small cell to 

small cell) for example regarding near-LOS, non-LOS and mast sway for mWT.  

• Work Item #2: Applications and use cases of millimeter wave transmission  

- The purpose of this Work Item is to produce informative GS as follows: 

• Potential uses cases/applications (technologies, network topologies) 

• Requirements per use case / application 

• mmWave spectrum solutions key performance benefits 

• Evaluation criteria for use cases / applications 

• mmWave bands application and use case examples  

• Work Item #3: Overview on V-band and E-band worldwide regulations  

- Purpose of this work item is informative to produce an overview on V-band and Eband 

national, and international regulations  
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• Work Item #4: V-band street level interference analysis  

- Purpose of this Work Item is informative to investigate the feasibility of using 

unlicensed band by analysing interference levels in co-channel and adjacent channels 

in dense deployment of PP radio at the street level taking into consideration 

equipment characteristics, capacities and bandwidth requirements, standards, 

available channels, antennas, available standards and propagation, oxygen 

absorption, loss and modelling.  

• Work Item #5: millimeter wave semiconductor industry technology status and evolution  

- Purpose of this Work Item is informative on: 

• Overview of technology/foundry processes currently available and planned in 

the future, 

• Overview of packaging processes currently available and planned in the 

future, 

• Overview of possible integration level.  

• Work Item #6: Analysis of the antenna use cases for Point-to-Point and Point-to-MultiPoint 

millimetre wave links 

- Scope of the work item: 

• Key Operator expectations, 

• Use cases and related antenna requirements, 

• Review of the current technologies and regulatory status. 

• Work Item #7: ISG mWT view on 5G spectrum Usage   

- Scope : To produce material reflecting the current usage and trends of the spectrum 

for fixed services in order to contributes towards the IMT2020 spectrum discussion. 

Future need of spectrum for backhaul.  

• Work Item #8: Analysis of Spectrum, License Schemes and Network Scenarios in W-band 

and D-band, 

• Work Item #10: 3D ray-tracing interference anlysis in V-band 

- To conduct detailed interference analysis by using 3D Ray-Tracing tools that can take 

into account the geometry of high dense urban environments, 

- To extent WI 4 interference analysis results 

• Work Item #14: ISG mWT view on V-band and E-band regulations, 

• Work Item #15: Frequency bands and carrier aggregation 

- Defines the “Bands and Carrier Aggregation” (BCA) concept, along with associated use 

cases and benefits for transport networks, 

- Deals with technological advancements related to BCA, such as multi-band antennas 

and wideband RF components, 

- Considers possible barriers to the adoption of BCA in the existing 

standards/regulations, 

• Work Item #16: Applications and use cases of Software Defined Networking as related to 

microwave and millimetre wave transmission 
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- The need for future mmW radio to very strictly coordinate with other transport and 

access technologies means that the mmW ecosystem must at least understand the 

scenarios and use cases in which the equipment will need to be integrated, 

• Work Item #X: New work item for W-band. 

ISG mWT hold six plenary meetings and tens of working meetings in two years, publishing in the 

meantime the following papers: 

• ETSI White Paper No. 15: mmWave Semiconductor Industry Technologies: Status and 

Evolution, 

• Group Specification mWT 002: Applications and use cases of millimetre wave transmission, 

• Group Specification mWT 004: V-band street level interference analysis, 

• Group Specification mWT 006: Analysis of antennas for millimetre wave transmission, 

• ISG mWT View on V-band and E-band Regulations (presentation). 

 

2.5 Other standardization related activities 

2.5.1 Contributions containing standards related information 

MiWaveS contributed with papers related to standards topics to the following conferences: 

• Globecom 2014: a conference paper on 5G standardization aspects in the frame of the 

workshop “Workshop on Telecommunications Standards - From Research to Standards” 

[8], outlining the MiWaveS project findings and plans and the relationship of mmWave to 

the different standards organizations relevant to 5G. 

• CSCN 2015: a conference paper on 5G standardization aspects “A strategy for research 

projects to impact standards and regulatory bodies” [45]. The paper took the example of 

MiWaveS in order to propose a strategy and a process that allow to link in a proper way 

innovation and predevelopment activities to standards bodies, as well as to align with 

regulatory bodies the approach to impact standards bodies followed by the MiWaveS 

project. 

 

2.5.2 IEEE 802.11ay 

MiWaveS looked into the standard IEEE 802.11ay (NG60 (Next Gen 60 GHz) work, as one of the 

mmWave demonstrators developed in the project utilises the same mmWave radio channels. IEEE 

802.11 approved a Project Authorization Request for 802.11ay in March 2015, which is a continuation 

of the 11ad amendment work (also known as WiGig).  

The Task Group ay is expected to develop an amendment that defines standardized modifications 

to both the IEEE 802.11 PHY and MAC, thus enabling at least one mode of operation capable of 

supporting a maximum throughput of at least 20 Gbps, while maintaining or improving the power 

efficiency per station. It also defines operations for license-exempt bands above 45 GHz, while ensuring 

backward compatibility and coexistence with legacy directional multi-gigabit stations (defined by IEEE 

802.11ad-2012 amendment) operating in the same band. 

802.11ad uses a maximum of 2.16 GHz bandwidth. 802.11ay bonds four of those channels 

together for a maximum bandwidth of 8.64 GHz. MIMO is also added with a maximum of 4 streams. 
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The link-rate per stream is 44Gbit/s, with four streams this goes up to 176Gbit/s. Higher order 

modulation is also added, probably up to 256-QAM. The range could also be increased up to 300m. 

 

2.5.3 ETSI TC EE 

MiWaveS conducted a review of the ETSI TC EE group’s specification ETSI ES 202 706 V1.4.1[50].  

Section 6 of [50]defines calculation methodologies for static power consumption for both 

integrated and distributed base stations. The general methodology was considered applicable also for 

the mmWave APs, but the distribution of low, medium and high load may differ between mmWave 

small cells and the large base stations the standard is more geared towards. Further, Section 7 defines 

methodology for dynamic BTS energy efficiency measurements, and details the methodology for 

WCDMA and LTE BTSs. The general methodology should be applicable for mmWave APs as well, 

although the share of loading may not be suitable for small cells. The load models and system 

parameters for updating the specification are standard-specific, and thus the mmWave AP energy 

efficiency models can only be introduced to this standard after the detailed system specifications have 

been defined. 

 

2.5.4 Standardisation in the field of EMF exposure 

As envisioned by MiWaveS, future mmWave integrated systems will be deployed in new 5G mobile 

networks. It is also expected that their use in cellular mobile networks will result in exposure of users 

at mmWave frequencies. 

In WP1, MiWaveS conducted a review of the main standards (e.g. IEEE 802.11, IEEE 802.15, IEC 

62209-1) and exposure guidelines and recommendations (ICNIRP [19], [20], IEEE [21] and CENELEC 

[22]-[24]) regarding the user’s exposure; the main results are available in [25]. Currently the incident 

power density is used as a dosimetric quantity. In particular, for general public, the limit of 1 mW/cm2 

is suggested, while it is 5 mW/cm2 for occupational exposures. The exposure levels are to be averaged 

over 20 cm2 [19], [20]. For local exposures, the spatial maximum incident power density (IPD) averaged 

over 1 cm2, should not exceed 20 times the values of 1 or 5 mW/cm2, respectively. These 

recommendations are based on the scientific evidence of possible induced biological effects due to EM 

exposure.  

So far, the recommendations for mmWave do not provide any exposure assessment methodology 

and limit values for near-field exposures – scenario which is very likely to occur in 5G. One of the 

MiWaveS objectives is to propose a methodology to correlate the near-field exposure parameters to 

the recommended exposure levels provided by ICNIRP/CENELEC/IEEE. 

Periodically, the main organizations (i.e. ICNIRP, IEEE, CENELEC) are publishing updated documents 

including the latest scientific publications, evidence on dosimetry, biological effects, epidemiological 

studies. The latest document published by ICNIRP was released in 2009 and addresses the “Exposure 

to high frequency electromagnetic fields, biological effects and health consequences (100 kHz-

300 GHz)” [20]. We believe that our novel results, obtained on dosimetry at mmWave in the frame of 

the MiWaveS project, could contribute to the update of exposure guidelines and standards in the 

mmWave range. 
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2.5.5 FCC 

The Federal Communications Commission regulates interstate and international communications 

in the United States of America. FCC has taken active role, as many other administrations all over the 

world, to be in forefront of 5G systems definition. In July 2016 FCC released the Report and Order and 

Further Notice of Proposed Rulemaking [51] to open up nearly 11 GHz of high-frequency spectrum for 

mobile and fixed wireless broadband. It consists of 3.85 GHz of licensed spectrum and 7 GHz of 

unlicensed spectrum. FCC ruled the following: 

• 27.5-28.35 GHz and 38.6-40 GHz: mobile operations using geographic area licensing, 

• 37-38.6 GHz: open for commercial operation, coordinated co-primary shared access, 

• 64-71 GHz: unlicensed uses such as WiFi -like WiGig. 

In Further Notice part FCC seeks comments from the ecosystem, for example on authorizing fixed 

and mobile use of the following bands: 

• 24.25-24.45 GHz together with 24.75-25.25 GHz (24 GHz band), 

• 31.8-33 GHz (32 GHz band), 

• 42-42.5 GHz (42 GHz band), 

• 47.2-50.2 GHz (47 GHz band), 

• 50.4-52.6 GHz (50 GHz band), 

• 71-76 GHz band together with the 81-86 GHz bands (70/80 GHz bands), 

• Comments on use of bands above 95 GHz. 

The FCC Chairman Tom Wheeler made a bold statement in June 2016 before releasing the R&O: 

“These bands offer huge swaths of spectrum for super-fast data rates with low latency, and are 

now becoming unlocked because of technological advances in computing and antennas… the United 

States will be the first country in the world to open up high-band spectrum for 5G networks and 

applications. And that’s damn important because it means U.S. companies will be first out of the gate… 

Unlike some countries, we do not believe we should spend the next couple of years studying what 

5G should be, how it should operate, and how to allocate spectrum ... Instead, we will make ample 

spectrum available and then rely on a private sector-led process for producing technical standards best 

suited for those frequencies and use cases. Leadership in networks leads to leadership in uses, which 

quickly moves across borders…”. 
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3. Activities related to regulatory bodies 

The MiWaveS consortium intended to align its activities with relevant regulatory bodies, as the 

main target of the project innovation focuses on mmWave bands, whose usage worldwide is still an 

open point as of Q2 2017. 

In the following are reported short minutes of the meetings that the MiWaveS consortium hold 

with some relevant regulatory bodies. 

3.1 Ofcom (UK) meeting 

The Ofcom (Office of Communications) is the government-approved regulatory and competition 

authority for the broadcasting, telecommunications and postal industries of the United Kingdom. 

On Monday 27.04.2015, 14:00 – 16:00, a delegation of the MiwaveS consortium, composed of 

Laurent Dussopt, Valerio Frascolla, Jyri Putkonen, and Mehrdad Shariat visited Ofcom’s premises in 

London. Ofcom personnel from the spectrum policy group attended the meeting with around seven 

people, among which Joe Butler (Director of spectrum technologies and Head of the team) and 

Federico Boccardi (Principal of the technology team). 

The purpose of the meeting was to present the MiWaveS’ consortium view on mmWave 

technologies, more specifically on the benefits of allowing the same spectrum to be used for access 

and backhaul, and to share information on the availability and kind of mmWave spectrum bands. 

Ofcom was publishing those days a paper “Spectrum above 6 GHz for future mobile communications” 

[13] and presented some highlights to the MiWaveS delegation during the meeting. 

The MiWaveS consortium provided Ofcom well beforehand with a list of questions to be addressed 

during the meeting, in order to give a structure to the planned discussion and to steer it towards 

MiWaveS’ consortium main interests. After the meeting, Ofcom was requested to provide an official 

mail with written answers to the questions posed. 

In the following the list of questions and the provided answers from the Ofcom personnel are reported 

(mainly extracts from an Ofcom document [13] that at the moment of the meeting was not yet 

published): 

1. What are the main challenges you see for a broad adoption of mmWave bands? 

“Technical suitability of different frequency ranges” 

“4.2 Although there is a general view that 100 GHz is currently a sensible upper bound for 5G 

access networks (while above 100 GHz could be considered for future wireless backhaul 

solutions), there is currently no technical consensus on which, if any, part(s) of the range between 

6 and 100 GHz will be more or less suitable for 5G. Annex 3 provides our current understanding 

of the range of technical factors and trade-offs involved. 

4.3 One view, expressed in the Quotient research, is that there are no fundamental technical 

reasons for favouring one part of the range 6 - 100 GHz more than another. They separately note 

that use of frequencies above approximately 30 GHz will enable steerable array antennas to be 

more easily integrated into handsets. 
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4.4 On the other hand, some stakeholders claimed that frequencies up to 30 or 40 GHz are less 

“difficult” from a technology perspective, in particular due to lower losses in RF 

components/feeds, more efficient power amplifiers and other hardware aspects. 

4.5 Our current view is that in order to have a clearer view on the technical suitability of different 

parts of the range 6-100 GHz, further work is needed to better understand propagation and 

technology enablers (e.g. MIMO, beamforming, antenna arrays) at these frequencies. Research 

into some of these issues is at a relatively early stage and the outcome of ongoing research may 

have an impact on which parts of the 6-100 GHz range could be most useful for 5G mobile services. 

4.6 We think it is therefore desirable at this stage to identify bands in different parts of the 6 - 100 

GHz range in order to mitigate the various technology uncertainties and make it more manageable 

to facilitate the development of an agenda item at WRC-19. For example, we think there are 

potential risks associated with focusing on bands only in the 40 - 70 GHz range if subsequent 

research uncovers disadvantages of that range compared to other possible ranges elsewhere 

between 6 – 100 GHz.” 

“Contiguous spectrum“ 

“4.7 Respondents to the Call for Inputs (CFI) generally agreed that contiguous spectrum is 

required. However, it might not be necessary for the spectrum for all operators to be in a single 

contiguous block, provided the blocks were sufficiently close (say ±5 - 10%) to use the same 

components. 

4.8 Views from the CFI were that requirements could be from 100 MHz to in excess of 1 GHz per 

operator. We believe that a smaller bandwidth nearer 6 GHz may be able to provide a similar 

throughput as a wider bandwidth nearer 100 GHz. Therefore, there may be a technical case for 

looking for narrower blocks of spectrum lower down in the frequency range.” 

“Other users of spectrum and scope for sharing or re-purposing” 

“4.9 A number of concerns were expressed in CFI responses from incumbent users of bands above 

6 GHz, including from: 

• The satellite industry, who asked for new mobile services to be above 31 GHz in order not 

to harm UK investments in the space sector; 

• The space science community and Met Office, in respect of in and out of band interference 

to space and passive services due to the sensitivity of their equipment and importance of 

their work; 

• Manufacturers and standards bodies, which stated that it is important to preserve 

sufficient spectrum already allocated for fixed services. In their view, bands allocated to 

the Fixed Services that are / expected to be heavily used in certain areas or regions are 

likely to present a challenge for deployments of 5G systems; 

• The RSGB (Radio Society of Great Britain), which seeks protection of the radio amateur 

and amateur satellite bands; and 

• MOD (Ministry of Defence), who said 5G plans above 6 GHz need to take account of their 

use, as defence spectrum is a key factor in national security. 4.10 “. 

 



MiWaveS Deliverable D7.2.3 

Dissemination level: Public (PU) Page 43 / 53 

2. In which timeframe do you envision the first commercial availability of spectrum bands in the 

range: 

a. 06-10 GHz 

b. 10-26GHz 

c. 26-40GHz 

d. 40-66GHz 

e. 70-90GHz? 

“[In the CFI responses] there was no consensus among stakeholders on the bands that should be 

prioritised. Some frequency ranges including 25 - 29.5 GHz, 31 - 33 GHz, 36 - 39 GHz, 55 – 70 GHz, 

and 81 - 86 GHz, had been supported by a number of stakeholders. However, some of these 

ranges, particularly below 30 GHz, were not supported by other stakeholders. 

Our preliminary view is that the frequency bands 10.125 - 10.225 / 10.475 - 10.575 GHz, 31.8 - 

33.4 GHz; 40.5 - 43.5 GHz; 45.5 - 48.9 GHz and 66 - 71 GHz should be considered for study under 

a focussed agenda item on 5G mobile broadband for WRC-19. We have deliberately identified 

bands in different parts of the range 6-100 GHz in order to allow for the technical uncertainties 

present at this stage in 5G development.” 

3. How likely is that mmWave bands currently allocated for satellite communications might be freed 

up for terrestrial usage? 

“See the document cited above.” 

4. Is there a plan to have an European common policy for mmWave bands deployment or will each 

country decide independently? 

“5.2 We will work bi-laterally and multi-laterally with other administrations around the world to 

better understand which bands could garner wide international support. Our aim in these 

discussions is to work towards the identification of potential ‘global’ 5G band(s) above 6 GHz.  

5.3 Within Europe it is likely that IMT services above 6 GHz will be supported by CEPT for inclusion 

as an agenda item for WRC-19 and Ofcom will continue to seek to influence the development of 

the European Common Proposal (ECP) on future agenda items. We are providing our initial view 

on the specific bands identified in this document (as summarised in Table 3) to the CEPT CPG 

PTA17 (project team A) meeting on 27 – 30 April 2015. We will consider whether to provide an 

updated view to the meeting on 20 – 24 July 2015. “ 

5. Is there any specific initiative within your institution to investigate mmWave bands usage in 5G? 

“See the document cited above.” 

6. What can be the impact of collaborative projects on frequency allocations from your perspective? 

“We believe the impact is very high. As a matter of fact, EU collaborative projects are pre-

competitive fora where players with different positions can work together towards finding a 

common understanding. This is particularly important for the discussion on frequencies above 6 

GHz, where at the moment there is not a common agreed view.” 

 

In addition, some of the project study papers, among which the paper ‘mmWave Use cases and 

Prototyping: a way towards 5G Standardization’ [8] was sent to Ofcom’s personnel as during the 

meeting they expressly requested to have sent more details about the dissemination activities of the 
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MiWaveS project, and in particular any paper focusing on the consortium plan for impacting 

standardization bodies. 

It was decided at the end of the meeting, due to the great interest raised by all the attendees, to 

have a follow-up meeting towards the end of the project, to finally report on the main obtained results 

and have a final feedback from the regulatory body. The follow-up meeting will be in the form of a 

teleconference, to be held at the end of June 2017. 

In the following are reported the main points the MiWaveS’ team took out of the meeting: 

a) EMF is seen as a very important issue, we agreed to exchange with them the main findings on 

this interesting topic coming out of the project work, 

b) International harmonization is a big challenge: on the one hand harmonizing globally 2GHz of 

bandwidth takes a lot time, but on the other hand the ongoing 5G activities require a very fast 

pace, 

c) Currently there’s no unique view among regulatory bodies in the different countries. WRC2015 

will be a very good opportunity to harmonize and provide a faster response to the technical 

community pushing for 5G: 

a. But Ofcom is trying to create a common view from at least all European regulatory 

bodies and is driving the ongoing discussions, 

b. International harmonization of frequency bands is mandatory, regional harmonization 

is not enough, 

d) Is it possible at all to have a guaranteed QoS in mmWave bands? 

a. Ofcom, even though with very limited resources, is having its own stream of internal 

research activities to be able to have an independent view on key technical questions, 

e.g. they are investigating the need for mmWave and the feasibility of consistent QoS 

– such questions need to be answered by vendors and research groups before 

allocating big chunk of spectrum. The experience from 802.11ad existing systems is 

expected to derive results on viability for 5G, 

b. Ofcom is also very eager to have technical analysis on the differences between 

frequency bands (range, robustness, power efficiency, spectral efficiency, need on the 

infrastructure, integration in terminals, …) and the impact on the QoS that will derive: 

i.e. what’s the difference between 10 GHz and 100 GHz bands? They look equal in the 

feedbacks they got from their CFI but they suspect it is not the case. In fact, after a 

brainstorming session during our discussions, Ofcom also agreed that design 

challenges and technology maturity in different bands cannot be the same, 

e) Wish for role of collaborative research projects: 

a. provide more coherent view to basic questions on new enabling technologies, 

b. become platforms for information sharing, 

c. are expected to address coexistence studies between mobile and satellite, with main 

focus on how the feasibility of sharing the bands, 

f) On the possibility to free satellite bands for terrestrial use: 

a. In the context of mmWave bands, there are sharing studies on-going. 
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A second meeting took place by phone on June 30-th, between memebers of MiWaveS board and 

Federico Boccardi (OFCOM). An interesting discussion took place, where we focussed on EMF exposure 

issues as studied in MiWaveS. 

3.2 ANFR (FR) meeting 

The ANFR (Agence Nationale des Fréquences) is the government-approved regulatory and 

competition authority of France, focusing on the planning, the handling and the controlling of the 

utilization of radiofrequency of public domain. 

On Friday 03.07.2015, 10:00 – 13:00 local time, a delegation of the MiwaveS consortium, 

composed of Laurent Dussopt (CEA-Leti), Valerio Frascolla (Intel), Jyri Putkonen (Nokia), Stefan Apetrei 

and Delphine Lugara (Orange) visited ANFR’s premises in Paris. ANFR personnel from the spectrum 

policy group attended the meeting with around five people, led by Emmanuel Faussurier. 

The purpose of the meeting was to present the MiWaveS’ consortium view on mmWave 

technologies, more specifically on the benefits of allowing the same spectrum to be used for access 

and backhaul, and to share information on the availability and kind of mmWave spectrum bands. 

The MiWaveS consortium provided ANFR well beforehand with the same list of questions provided 

to the OfCom meeting held in April, to be addressed during the meeting, in order to give a structure 

to the planned discussion and to steer it towards MiWaveS’ consortium main interests. After the 

meeting, ANFR was requested to provide an official mail with written answers to the questions posed. 

MiWave’S project presentation 

The meeting started with a presentation made by MiWaveS’ project manager Laurent Dussopt, 

following which the following questions were posed by ANFR: 

- why did you decide on those mmWave spectrum bands (E-V bands)? 

- what about the throughput of the base stations? How many AP can a BS manage? 

- WiGig is also working on 60 GHz bands, is the consortium working on those topics as well? 

- what is the communication range and capacity of the backhaul (up to 100m, but few hundred 

meters could be achieved, depending on the antenna size) 

- Clarification on the EFIS European database about regulatory spectrum, run by ECO 

The following questions were posed by the MiWaveS team: 

1. What are the main challenges you see for a broad adoption of mmWave bands? 

2. In which timeframe do you envision the first commercial availability of spectrum bands in 

the range: 

a. 06-10 GHz 

b. 10-26GHz 

c. 26-40GHz 

d. 40-66GHz 

e. 70-90GHz? 
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3. How likely is it that mmWave bands currently allocated for satellite communications might 

be freed up for terrestrial usage? 

4. Is there a plan to have a European common policy for mmWave bands deployment or will 

each country decide independently? 

5. Is there any specific initiative within your institution to investigate mmWave bands usage 

in 5G? 

6. What can be the impact of collaborative projects on frequency allocations from your 

perspective? 

 

Those questions triggered a rather long and interesting discussion, the most important points of 

which are reported here below, in the form of notes taken by the MiWaveS team: 

a. ANFR Q: What is the anticipated network capacity and aggregation? 

MiWaves A: 2-5 GBps, even up to 10 GBps. Focus is on the access network and last couple of 

hops (hundreds of meters), then, with lower priority, on fiber. 

 

b. ANFR Q: By when would you see the mentioned use case deployed? 

MiWaveS A: It depends on the use cases, but as a general guidance, realistically not before 

2020/2022 in broad deployments. 

 

c. ANFR Q: do you envision more a licensed- or an unlicensed-based access for mmWave 

bands? 

MiWaveS A: The difference is that large investment is needed by operators in the former, 

whereas there are more opportunity for new comers in the latter. Mobile/fixed licenses as 

the access and backhaul links can be performed by same radios. The consortium has no 

strong bias on that matter, as each partner within the consortium has its own plan how to 

continue after the project. 

 

d. ANFR Q: in what could ANFR help projects like this? What is the expectation such projects 

have on regulatory bodies? 

MiWaveS A: that ANFR together with the other national agencies in the different European 

countries manage to align globally the spectrum policies, so to ease future deployments and 

reduce costs for new technologies. Moreover, providing information and documents that will 

still allow research, as 5G is not yet fixed and therefore text from regulatory bodies should 

not be too much restrictive. 

 

e. Comment from ANFR: In bands above 6 GHz there will be more directivity so less 

coexistence issues in principle; but usage of beamforming and massive MIMO may result in 

quasi omnidirectional radiation with possible aggregation of interference. Freeing up 

spectrum below 30 GHz is very difficult because of satellites, especially due to the special 
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solutions and high investments done by those operators. Though, there are some chunks 

that could be made free, e.g.  24.5 – 26.5 GHz (WLL-band). Moreover, also for bands in the 

proper mmwave range (above 30GHz) especially in the range 40-50 GHz, a balance with 

satellite bands is to be found; a good free spot for new 5G deployment could be the chunk 

40.5-43.5 GHz (fixed wireless). Access and backhaul use the same access technologies, 

therefore where the border will be set among the two technologies is blurred. 

 

f. MiWaveS Q: Should we stick to bands allocated to mobile only? 

ANFR A: No, for instance the 32 GHz band is not allocated to the mobile service. ANFR’s target 

is to specify certain bands for discussion in WRC-15 in the same way as UK OfCom did and to 

submit proposals to CPG PTA meeting in July 2015. Key drivers are: compatibility, avoid dead-

locks, harmonization, fit to existing regulatory framework where feasible (e.g. Multimedia 

Wireless System in the 40.5-43.5 GHz (promote sharing). For example, it may be too big a 

task to propose globally investigations across a large range like 6-100 GHz. 57-66 GHz is now 

license exempt with 40dBm for indoor BTSs only (mainly due to sharing constraints with fixed 

point-to-point links); no reason why could not be made available for outdoor also. 71-76/81-

86 Hz are good candidates, too. In France frequency needs should be handled and 

coordinated with different administrations, too. Light licensing: can come in many different 

flavours; the simpler the better. 60 GHz is an interesting band for Light Licensing. Block 

licensing (per operator per area) is one option to ease frequency coordination, may even be 

the only viable option. 

 

g. ANFR views on frequency bands: 

Agenda flexible enough to explore many bands but many actors want to focus on spectrum 

already allocated to mobile. ANFR doesn't think to stick to mobile-allocated bands. 

• Unfavourable to the 10-GHz band proposed by Ofcom (narrowband and difficult to 

exclude other services), 

• Very difficult below 20 GHz because of satellite and military usage, 

• Best candidate below 30 GHz is 24.5-27.5 GHz (currently used but not so much) 

o 28 GHz range is for satellite access: unwise to jeopardize their investments, 

• 40.5-43.5 GHz is interesting 

o Main guidance of ANFR in the selection of bands: compatibility of services, 

harmonization, practicability, 

• 57-66 GHz is unlicensed for indoor only; interesting to consider this unlicensed spectrum 

fro 5G 

o Outdoor use of 57-66 GHz could be allowed quite easily in France, 

• 71-76 and 81-86 GHz are interesting. 

• There’s not really a light-licensing scheme in France. Proper licensing requirements need 

to be justified and adjusted to the minimum necessary taking into account the main 

foreseen usage scenarios  
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A final interesting comment ANFR made at the end of July is the following: “Please note that the 

band 57-66 GHz is out of the candidate bands proposed for investigation in the ITU and that we (French 

admin) will work towards promoting 24.5-27.5 GHz for studies.” The reason concerning the 60 GHz 

band is that there is an existing license-exempt regulatory framework and that 5G could build upon 

this WiGig ecosystem without the need for ITU studies.  

The final follow-up meeting with ANFR took place (by phone) in June 2017. We had an interesting 

discussions about spectrum issues, and also about the notion of beamforming / beamsteering after we 

presented the work performed within MiWaves, and especially the demonstrations. 

 

3.3 ECO 

The MiWaveS consortium planned to visit also the European Communications Office (ECO) in 

Kopenhagen, Denmark, to complement the information obtained from OfCom and ANFR. As a matter 

of fact, considering the limited time and resources available within the project budget, MiWaveS 

decided not to start dialoguing with a third regulatory body, rather to have follow ups with both OfCom 

and ANFR. In fact,  the discussions held with those two regulators were considered informative enough 

for the sake of the project. 
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4. Conclusion and next steps 

This deliverable has provided a report on MiWaveS project’s standardization and regulation 

activities. Due to the nature and policies of standardization bodies a research project typically has no 

formal role in standards’ decision making. However, information has circulated and impacts made 

through MiWaveS partner companies. ITU-R WP5D, 3GPP, NGMN and ETSI ISG mWT groups have been 

identified as relevant bodies to be monitored and impacted with regards to topics of interest to 

MiWaveS. Moreover, 3GPP bodies have started standardization activities specifically relevant to 

MiWaveS, whereas other organizations were already working on 5G spectrum related matters. 

MiWaveS has been following all the mentioned standards groups during the duration of the project, 

as well as identified any other standardization activities potentially relevant to the project. In addition 

to the strong presence of MiWaveS industrial partners in standardisation bodies, MiWaveS activities 

are also supported by the presence of Dr. Ralf Irmer (Vodafone, Co-Chair of the 

Technology/Architecture Work Stream in NGMN) and Dr. Hermann Brand (Director of Innovation in 

ETSI) in the Industrial Advisory Board. 

The MiWaveS consortium also started discussion and alignment with regulatory bodies. Meetings 

have been held with Ofcom, UK and ANFR, France. A follow-up meeting with ANFR and one with Ofcom 

were held in June 2017. Moreover, MiWaveS consortium strengthened connection to regulatory 

bodies by inviting Fererico Boccardi (Ofcom UK, Spectrum management expert) and Emmanuel 

Fossurier (ANFR, Frequency management Expert) to IAB. The major event related to 5G regulation was 

ITU WRC’15 that took place in November 2015. The process of opening vast blocks of mm-wave 

spectrum for mobile access and backhaul seems to be on its way. 
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