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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

Work has started in ITU and 3GPP to develop requirements and specifications for new radio (NR) systems, as in the Recommendation ITU-R M.2083 “Framework and overall objectives of the future development of IMT for 2020 and beyond”, as well as 3GPP SA1 study item New Services and Markets Technology Enablers (SMARTER) and SA2 study item Architecture for NR System. 3GPP has to identify and develop the technology components needed for successfully standardizing the NR system timely satisfying both the urgent market needs, and the more long-term requirements set forth by the ITU-R IMT-2020 process. In order to achieve this, evolutions of the radio interface as well as radio network architecture are considered in the study item “New Radio Access Technology” [1].

1
Scope

The present document covers the RF and co-existence aspects of the study item “New Radio Access Technology” [1].
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP RP-160671: "New SID Proposal: Study on New Radio Access Technology".
[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
Recommendation ITU-R SM.328-10, “Spectra and Bandwidth of Emissions”.

[4]
Recommendation ITU-R SM.329-12, “Unwanted emissions in the spurious domain”

[5]
“International Telecommunications Union Radio Regulations”, Edition 2016, Volume 1 – Articles, ITU.

[6]
“Title 47 of the Code of Federal Regulations (CFR)”, Federal Communications Commission.

[7]
Recommendation ITU-R SM.1539-1, “Variation of the boundary between the out-of-band and spurious domains required for the application of Recommendations ITU-R SM.1541 and ITU-R SM.329”.

[8]
Recommendation ITU-R SM.1540, “Unwanted emissions in the out-of-band domain falling into adjacent allocated bands”.

[9]
Recommendation ITU-R SM.1541-6, “Unwanted emissions in the out-of-band domain”.

[10]
Recommendation ITU-R M.2012, “Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications-Advanced (IMT-Advanced)”.

[11]
Recommendation ITU-R M.2070, “Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-Advanced”.

[12]
Recommendation ITU-R M.2071, “Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-Advanced”.

[13]
Report ITU-R M.2292, “Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses”.

[14]
ECC Recommendation (02)05, “Unwanted Emissions”, October 2002, amended March 2012.

[15]
CEPT/ERC/RECOMMENDATION 74-01, “Unwanted Emissions in the Spurious Domain”, Cardiff  2011.

[16]
ETSI EN 301 908, “IMT cellular networks; Harmonized EN covering the essential requirements of article 3.2 of the R&TTE Directive;” (22 parts).

[17]
FCC Report and Order and Further Notice of Proposed Rulemaking, “Use of Spectrum Bands Above 24 GHz For Mobile Radio Services…”, FCC 16-89, July 14, 2016.
[18]
3GPP TR 25.942, Technical Report,”3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Radio Frequency (RF) system scenarios”

[19]
3GPP TR 36.942, Technical Report, ”3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios”

[20]
3GPP TR 37.900, Technical Report, “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Radio Frequency (RF) requirements for Multicarrier and Multiple Radio Access Technology (Multi-RAT) Base Station (BS)”
3
Definitions and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [2].

example: text used to clarify abstract rules by applying them literally.

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [2] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [2].

<ACRONYM>
<Explanation>

4
Background
This section describes the objective and the guidelines for studying the RF and co-existence aspects for the New Radio Access Technology.
4.1
Study item objective
Editor’s note: the latest SI objective is reflected in this subsection.
The study aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. 
The new RAT will consider frequency ranges up to 100 GHz [TR38.913].
Detailed objectives of the study item are:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 

(2) The new RAT shall be inherently forward compatible
· It is assumed that the normative specification would occur in two phases: Phase I (to be completed in June 2018) and Phase II (to be completed in December 2019)

· Phase I specification of the new RAT must be forward compatible (in terms of efficient co-cell/site/carrier operation) with Phase II specification and beyond, and backward compatibility to LTE is not required
· Phase II specification of the new RAT builds on the foundation of Phase I specification, and meets all the set requirements for the new RAT. 
· Smooth future evolution beyond Phase II needs to be ensured to support later advanced features and to enable support of service requirements identified later than Phase II specification.
(3) Initial work of the study item should allocate high priority on gaining a common understanding on what is required in terms of radio protocol structure and architecture to fulfil objective 1 and 2, with focus on progressing in the following areas 
· Fundamental physical layer signal structure for new RAT
· Waveform based on OFDM, with potential support of non-orthogonal waveform and multiple access
· FFS: other waveforms if they demonstrate justifiable gain
· Basic frame structure(s)
· Channel coding scheme(s)
· Radio interface protocol architecture and procedures 
· Radio Access Network architecture, interface protocols and procedures, 
Study on the above 2 bullets shall at least cover:
· Study the feasibility of different options of splitting the architecture  into a “central unit” and a “distributed unit”, with potential interface in between, including transport, configuration and other required functional interactions between these nodes [RAN2, RAN3];

· Study the alternative solutions with regard to signaling, orchestration, …, and OAM, where applicable [in co-operation with SA5];
· Study and outline the RAN-CN interface and functional split [in co-operation with SA2] [RAN2, RAN3];
· Study and identify the basic structure and operation of realization of RAN Networks functions (NFs). Study to what extent it is feasible to standardize RAN NFs, the interfaces of RAN NFs and their interdependency [RAN3];

· Study and identify specification impacts of enabling the realization of Network Slicing [in co-operation with SA2] [RAN2, RAN3];

· Study and identify additional architecture requirements e.g. support for QoS concept, SON, support of sidelink for D2D [RAN1, RAN2, RAN3].
· Fundamental RF aspects – especially where they may impact decisions on the above, e.g., 
· Study and identify the aspects related to the testability of RF and performance requirements
(4) Study and identify  the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:
· Tight interworking between the new RAT and LTE 
· Interworking with non-3GPP systems
· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands
· [Standalone operation in unlicensed bands is FFS]
· Efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum

· Stand alone operation in licensed bands
Note 1: The scope of Phase I will be determined when agreeing on Phase I WID(s).

Note 2: Stated KPI values and deployment scenarios to be aligned to scenarios and requirement SI outcome

(5) Provide performance evaluation of the technologies identified for the new RAT and analysis of the expected specification work 
(6) Identify relevant RF parameters used to be used for sharing and co-existence studies
(7) Study and identify technical solutions that enable support for wireless relay
4.2
Preconditions

Editor’s note: Preconditions common to study item are captured if any 
5
Co-existence study
5.1
Co-existence simulation scenario
Editor’s note: intended to capture specific scenarios such as operation system (eMBB, Massive MTC etc) systems in terms of aggressor system, victim system and their directions

5.2
Co-existence simulation assumption
Editor’s note: intended to capture specific simulation parameters such as frequencies, antenna pattern cell layouts and so on.

5.3
Co-existence simulation methodology
Editor’s note: intended to capture specific simulation methodology. How to handle even wider channel bandwidths for NR than those for LTE-A, different RF parameters such as [TRP or EIRP or others] etc. are captured.

5.4
Co-existence simulation results
Editor’s note: intended to capture the results.

5.5
Summary of co-existence study
Editor’s note: intended to capture the observation from the results.
6
RF feasibility
Editor’s note: Impacts of RF feasibility on RF requirements are captured in terms of frequencies, physical layer specifications, RF component, and channel bandwidth etc.
6.1
Common issues for UE and BS
Editor’s note: Common RF issues for both UE and BS RF requirement feasibility are captured
6.2
UE requirements
Editor’s note: UE RF issues and its impacts on specifications are captured such that implementation impact of integrated RF, wider channel bandwidth, wave form, RF component characteristics due to higher frequencies, deployment scenarios(necessity of narrow blocking etc.) on the existing RF requirements.
6.2.1

General

6.2.2

UE Transmitter characteristic

6.2.3

UE Receiver characteristic

6.3
BS requirements
Editor’s note: BS RF issues and its impacts on specifications are captured such that BS classes.

6.3.1

General

6.3.2

BS Transmitter characteristic

6.3.3

BS Receiver characteristic

7
Relation with the existing specifications
Editor’s note: relation between NR specifications and the existing specifications are captured such as impact of NR specifications on MSR and relation with eAAS specification where what to extent of NR specification is covered by eAAS specification is captured.
8
Regulatory aspect
Editor’s note: intended to capture regulatory requirements for UE and/or BS shall satisfy. The intention is to help study RF feasibility in terms of filter attenuation and its insertion loss etc.
8.1
Overview of international and regional regulation

8.1.1

ITU-R

The Radio Regulations [5] is an international binding treaty for how RF spectrum is used. It is updated and agreed at the World Radiocommunication Conference (WRC) that is held every 3 to 4 years. One RF parameter related to unwanted emissions is defined directly in the radio regulation:

-
ITU Radio Regulations No. S1.153 ‎[5] provides a definition of Occupied bandwidth.
ITU-R Study Group 1 is responsible for Spectrum management principles and techniques and develops international recommendations for unwanted emissions.

The following ITU-R recommendations provide generic limits and some guidelines for how to specify unwanted emissions:

-
ITU-R SM.329-12 [4] provides terminology and definitions in the area of spurious emissions. It also gives recommendations of how limits are applied and recommended limit values and reference bandwidths. Limits are given in different “Categories”, where Category A limits are generally applicable while other Categories have regional application for certain services. Some limits are further described in Annexes to the recommendation, where in particular Annex 7 gives reference bandwidths for Category B limits in the land mobile service.

-
ITU-R SM.328-11 [3] provides terminology and definitions in the area of spectra and bandwidth of emissions. It is intended to provide guidance in deriving limits for out-of-band emissions and gives examples of how emitted spectra can be classified and what parameters can be used to specify it. Most of the text concerns analogue and narrowband modulation.

-
ITU-R SM.1539-1 [7] specifically deals with the boundary between the out-of-band and spurious domains. It proposes variations to the default “250% rule” for wideband emissions for different frequency ranges, where the highest interval is above 26 GHz.

-
ITU-R SM.1540 [8] gives recommendations for emissions falling into an adjacent band allocation.

-
ITU-R SM.1541-6 [9] gives recommendations for emission in the out-of-band domain. Annex 11 covers land mobile services, but there is only discussion of narrowband systems (up to 30 kHz).

NOTE:
The term Out-of-band (OOB) emissions can cause some confusion and is for this reason mostly avoided in 3GPP BS specifications. Regulation defines OOB emissions as “Emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions”. OOB emissions are thereby the emissions closest to the transmitted carrier(s) and the term “Out-of-band” does not refer to emission being outside the operating band or an operator’s assigned band. Note that spurious emissions and OOB emissions are mutually exclusive through the definition, making the boundary between them very important. OOB emissions are for WCDMA and LTE BS defined through ACLR, spectrum mask (for WCMDA) and operating band unwanted emissions (for LTE).
8.1.2

European regulation

The European regulation of unwanted emissions is to a large part derived from and form a part of the corresponding ITU-R documents. Limits applicable in Europe are in ITU-R SM.329-12 [4] identified as Category B requirements. The corresponding European recommendations are developed and maintained by CEPT/ECC as follows:

-
ECC Rec (02)05 [14] is an “umbrella” recommendation on unwanted emissions, giving general guidelines on out-of-band and spurious emissions, the boundary between out-of-band and spurious domains, with reference to ITU-R recommendations and the ERC Rec. 74-01 on spurious emissions [15]

-
ERC Rec. 74-01 [15] provides terminology and definitions in the area of spurious emissions, with recommended limit values and reference bandwidths for the spurious domain. It corresponds to the Category B limits in ITU-R Rec. SM 329-12 [7], but has in addition provisions for mobile services covering multi-carrier and multi-RAT base stations.

CEPT/ECC publishes decisions, recommendations and reports related to spectrum usage. Any band specific regulation of spectrum use, including emission limits, is set by such deliverables. In many cases, the spectrum decision s are also confirmed in a spectrum decision by the European Union (EU). Here it should be noted that the EU has 28 member states while CEPT has 48 national administrations as members. The spectrum decisions made by CEPT/ECC and/or the EU form the basis for national licensing conditions in countries across Europe.

The regulation of radio equipment products in Europe is set by Harmonized Standards. The harmonized standard for IMT equipment is EN 301 908 [16], divided into individual parts for each type of equipment. The parts for UMTS and LTE equipment are based on extracts from the 3GPP RAN4 and RAN5 test specifications.

8.1.3

U.S. regulation (FCC)

The U.S. regulation in the telecommunications area is set by FCC Title 47 [11]. The different parts of Title 47 cover licensing requirements and procedures, as well as operational and technical requirements and other provisions. Example of parts covering 3GPP bands are Part 22 (Public mobile services), Part 25 (Personal communication services) and Part 27 (Miscellaneous wireless communications services). The technical requirements include power limits, emission limits, measurement principles and statements on interference protection and other technical provisions.

For bands above 24 GHz, the FCC has recently published a Report and Order and Further Notice of Proposed Rulemaking [17].

These new rules open up nearly 11 GHz of high-frequency spectrum for flexible, mobile and fixed use wireless broadband – 3.85 GHz of licensed spectrum and 7 GHz of unlicensed spectrum. The new rules create a new Upper Microwave Flexible Use service in the 28 GHz (27.5-28.35 GHz), 37 GHz (37-38.6 GHz), and 39 GHz (38.6-40 GHz) bands, and a new unlicensed band at 64-71 GHz.  

-
Licensed use in the 28 GHz, 37 GHz and 39 GHz bands: Makes available 3.85 GHz of licensed, flexible use spectrum, which is more than four times the amount of flexible use spectrum the FCC has licensed to date.

-
Provides consistent block sizes (200 MHz), license areas (Partial Economic Areas), technical rules, and operability across the exclusively licensed portion of the 37 GHz band and the 39 GHz band to make 2.4 GHz of spectrum available.

-
Provides two 425 MHz blocks for the 28 GHz band on a county basis and operability across the band.

-
Unlicensed use in the 64-71 GHz band: Makes available 7 GHz of unlicensed spectrum which, when combined with the existing high-band unlicensed spectrum (57-64 GHz),  doubles the amount of high-band unlicensed spectrum to 14 GHz of contiguous unlicensed spectrum (57-71 GHz). These 14 GHz will be 15 times as much as all unlicensed Wi-Fi spectrum in lower bands. 

-
Shared access in the 37-37.6 GHz band: Makes available 600 MHz of spectrum for dynamic shared access between different commercial users, and commercial and federal users.  

A new Part 30 (Upper Microwave Flexible Use Service) is added and licenses issued in the 27.5-28.35 GHz band and licenses in the 38.6-40 GHz band are reassigned to the new service. The following subparts relate directly to RF aspects:

-
§ 30.202 Power limits: Max EIRP limits

-
§ 30.203 Emission limits: OOBE and spurious emissions limits (conducted or total radiated power)

The new Part 30 power limits from [17] are shown in Table 8.1.3-1 and the Emission limits in Table 8.1.3-2.

Table 8.1.3-1: Part 30.202 Power limits (from [17])

	Stations
	Maximum allowable EIRP

	Fixed/Base stations
	75 dBm/100 MHz1

	Mobile stations
	43 dBm

	Transportable stations
	55 dBm

	NOTE 1:
For channel bandwidths less than 100 MHz the EIRP must be reduced proportionally and linearly based on the bandwidth relative to 100 MHz.


Table 8.1.3-2: Part 30.203 Emission limits (from [17])

	Outband frequency range
	Conductive power /Total radiated power

	Channel assignment1 edge ~ 10% of the Authorized Bandwidth2
	-5 dBm

	Beyond 10% of Authorized Bandwidth
	-13 dBm

	Note 1:
Channel assignment is the channel that is determined by standards (defining center frequency), the FCC usually defines this as the bandwidth at which 99% of the emission power is contained.

Note 2:
Authorized bandwidth is the maximum width of the band of frequencies permitted to be used by a station. This is normally considered to be the necessary or occupied bandwidth, whichever is greater. 

Note 3:
Measurement Requirements:

1) 
Measurement is based on the use of measurement instrumentation employing a resolution bandwidth of 1 megahertz or greater. 

2) 
When measuring the emission limits, the nominal carrier frequency shall be adjusted as close to the licensee's frequency block edges as the design permits. 

3) 
The measurements of emission power can be expressed in peak or average values.


8.2
Boundary between spurious and OOB domain
One of the fundamental RF parameters to define for NR is the unwanted emissions. In regulation, unwanted emissions are divided into Spurious emissions and Out-of-band emissions and the boundary between those two domains has a profound impact on the emission limits that can be defined for a radio access technology such as NR. This subclause describes the details of the boundary between the spurious and OOB domain, how it was handled in specifications for WCDMA and LTE and impact for NR.
8.2.1

Application of boundary for UMTS and LTE BS below 6 GHz

When UMTS (UTRA) was first specified by 3GPP as an IMT-2000 technology in 1998-2000, spurious emission limits and the boundary between spurious and out-of-band (OOB) domain were fundamentally based on the international recommendation ITU-R SM.329 [4]. For requirements applicable in Europe, Category B limits were used, which are also covered in ERC Recommendation 74-01 [14]. Those limits are applicable also in many other countries that use European harmonised standards for product certification.

Later in 2005-2006, when new frequency bands were added to WCDMA and LTE (E-UTRA) was included as a new wideband radio access, there was a need to update the way the limits were applied for base stations in particular. This was all done in close co-operation between 3GPP, ETSI and ECC. How the limits are applied is documented in TR 25.942 [18], subclause 14.2.3.
The boundary between the out-of-band and spurious domain is based on the “250% rule” in ITU‑R SM.329 [4]. The rule states that “the spurious domain generally consists of frequencies separated from the centre frequency of the emission by 250% or more of the necessary bandwidth of the emission.” The application for WCDMA and LTE is as follows:

-
The boundary between the out-of-band and spurious domain is for base stations fundamentally based on a 5 MHz channel bandwidth, placing it at 12.5 MHz from the carrier centre (10 MHz from the channel edge). This 10 MHz assumption originates from the UMTS 5 MHz carrier and is in 3GPP also applied for LTE BS transmissions, applying as a stricter requirement also to 10, 15 or 20 MHz RF bandwidth. Note that this is not the case for LTE UEs (terminals), where the 250% rule is applied also for larger carrier bandwidths.
-
The limits inside the operating band for a UMTS or LTE BS are based on a reduced measurement bandwidth close to the carrier, as outlined in the recommendations (see Annex 2 of [15]). This reduction is in the 3GPP specifications interpreted as a relaxed limit of -15 dBm/MHz. While the recommendations allow for this reduction in a frequency range up to 10 times the necessary bandwidth, it was agreed that the relaxed limit could be applied in the complete transmitter operating band, plus in 10 MHz on each side of the operating band.
-
The agreement above between 3GPP, ETSI and the ECC on the spurious emission limits is based on the following:
-
The limits are in line with the limits used in ERC and ECC compatibility studies.

-
There is no impact on in-band sharing between different IMT technologies.

-
The limits are fair between operators and give mutual advantages, regardless of the technology deployed, the carrier bandwidth, the number of carriers or the position of the operator’s license block.

The agreed limits were implemented for both UMTS and LTE at that time. For LTE, the limits are interpreted as Operating band unwanted emission limits, which is a unified definition of all unwanted emission within the operating band, plus in 10 MHz on each side, as shown in Figure 8.2.1-1. Outside of that range, spurious emissions are defined, as shown in Figure 8.2.1-2.
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Figure 8.2.1-1: Defined frequency range for LTE Operating band unwanted emissions with an example RF carrier and related mask shape (from TR 36.942).
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Figure 8.2.1-2: Defined frequency ranges for LTE spurious emissions and operating band unwanted emissions (from TR 36.942).
8.2.2

Application of boundary for UMTS and LTE UE below 6 GHz

<To be added>
8.2.3
Wideband, multicarrier and Multi-RAT transmissions
When LTE (E-UTRA) was developed, the focus was first on single-carrier transmission with flexible channel bandwidth (1.4 to 20 MHz). It was however quite early made clear that BS transmitters with multiple carriers would be deployed, in particular when the MSR standard was developed and later on when intra-band Carrier Aggregation was defined. It was then noted that the existing recommendations for spurious emissions did not give a proper guidance for such multicarrier transmissions and that for the text provided, mobile services were excluded. This is of particular concern for Category B spurious emission limits, since they are stricter.

This resulted in an update of ERC Rec 74-01 [15]. The update was mainly concerned with how the necessary bandwidth is calculated for such a multicarrier/multi-RAT transmitter and how the boundary between out-of-band and spurious domain is determined, with the following elements:

-
The transmitter bandwidth is used as the necessary bandwidth for determining the limit between the out-of-band and spurious domain, and it is defined as the width of the frequency band covering the envelope of the transmitted carriers.

-
Particular guidance is given in for wideband transmitters, with reference to ITU-R Rec SM.1539-1 [7].

-
Rules are made applicable for both contiguous and non-contiguous transmissions within a frequency block.

Present UMTS, LTE and MSR specifications for base stations (and UEs) are fully in line with the updated version of ERC Rec 74-01. A more detailed description of the background and development of the spurious emission limits for multicarrier and multi-RAT transmissions can be found in TR 37.900 [20], subclause 6.6.1.2.

8.2.4
Regulation above 6 GHz and for large carrier bandwidths

With the work on a New Radio access (NR) targeting IMT-2020 as defined by ITU-R, there are a number of regulatory aspects to take into account. For the unwanted emission limits and the boundary between OOB and spurious domain, the following properties of NR must be considered:

-
Large BS RF bandwidths covering the full band, which is the norm already today. 
-
Larger carrier bandwidths with numerology that may give higher out-of-band emission levels. This has a direct impact on the assumed boundary to the spurious domain defined for a transmitted carrier, which is relevant for the Operating band unwanted emission mask (UEM) levels inside the band, assuming that these can be defined in a way similar to what was done for LTE. Such a mask cannot anymore use a 5 MHz carrier as a baseline for setting the limits, due to the wider carriers and the new numerologies.
-
For a carrier placed at the edge of a band, the unwanted emission levels outside the band will depend on the carrier bandwidth and numerology, but also on any passband filtering applied for the band. Such a filter will most likely still be employed at lower bands, but is more challenging for higher bands for AAS-type systems, in terms of achieving high attenuation close to the band. This has to do both with the width of the band and the high absolute frequency, as well as the RF properties of mm-wave technologies.
The present WCDMA and LTE unwanted emission limits are defined with a spurious emission level starting 10 MHz outside the operating band. The large carrier bandwidths and new numerologies will make such an assumption challenging already for lower bands and a higher number should be considered. The even larger carrier bandwidths and reduced possibilities for band filtering in higher bands (mm-wave) will in combination with new numerologies imply that the OOB domain will have to stretch further than 10 MHz from the band edge.

It should be noted that the regulation does not in any way stipulate a “10 MHz rule”, this is a voluntary constraint put by 3GPP on the emission limits for LTE and WCDMA. In particular for the new bands, we have to go back to what the regulation recommends, which is the “250% rule” as defined above. The rule for wider carriers and higher bands is defined in ITU-R Recommendation SM.1539-1 [7], as shown in Table 8.2.3-1. The recommendation defines a threshold value BU for the necessary bandwidth BN of the transmission. When the bandwidth of the transmission is higher than the threshold BU, the 250% rule (2.5 BN) is replaced by the rule listed in the “Separation” column, resulting in a separation somewhere between 150% and 250% of the necessary bandwidth.

Table 8.2.4-1: Guideline values for the boundary of the spurious domain 
(Extracted from ITU-R SM.1539 [6])

	Frequency
range
	Normal
separation
	Wideband case
(BN  BU)

	
	
	BU
	Separation

	30 MHz  fc  1 GHz
	2.5 BN
	10 MHz
	1.5 BN + 10 MHz

	1 GHz  fc  3 GHz
	2.5 BN
	50 MHz
	1.5 BN + 50 MHz

	3 GHz  fc  10 GHz
	2.5 BN
	100 MHz
	1.5 BN + 100 MHz

	10 GHz  fc  15 GHz
	2.5 BN
	250 MHz
	1.5 BN + 250 MHz

	15 GHz  fc  26 GHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz

	fc  26 GHz
	2.5 BN
	500 MHz
	1.5 BN + 500 MHz


Note that the recommended separation to the boundary of the spurious domain stipulated by the rule in [7] gives a considerably larger offset from the carrier edge or band edge than the 10 MHz used today for LTE and WCDMA. Two examples:

-
A 100 MHz carrier at any frequency >3 GHz would give a recommended 200 MHz offset from the edge to the start of the spurious domain.

-
A 1 GHz carrier at any frequency >15 GHz would give a recommended 1.5 GHz offset from the edge to the start of the spurious domain.

While such large offsets to the boundary between the OOB and spurious domain may not be necessary for an NR specification, it is quite clear that the present way of specifying unwanted emissions cannot remain intact.

9
Radio resource management
Editor’s note: intended to capture potential issues for radio resource management
10
Testability
Editor’s note: intended to capture potential issues for testability due to not having antenna connector due to extremely high integrated RF circuit implementation
11
WP 5D for WRC-19 agenda item 1.13
Editor’s note: intended to capture the results of study for WP 5D for WRC-19 agenda item 1.13.
11.1
Requests by WP 5D for WRC-19 agenda item 1.13
Editor’s note: intended to capture what is requested by WP 5D for WRC-19 agenda item 1.13 in terms of RF parameters and its schedule.
The ITU World Radiocommunication Conference 2015 (WRC-15), which met in November 2015, agreed on agenda item 1.13 regarding additional allocations to the mobile services and identification of additional frequency bands for IMT for consideration at WRC-19.

Working Party 5D (WP 5D) as the lead group for IMT in ITU-R has been requested to provide parameters for use in sharing studies for this new agenda item. WP 5D will need to complete its work on the parameters at its Feb 2017 meeting.

ITU-R WP 5D has previously developed sharing parameters for IMT-2000 and IMT-Advanced technologies, which are contained in ITU-R Reports M.2039-2 and M.2292 respectively. These documents do not contain information for the frequency ranges relevant for AI 1.13. In its meeting (Feb 2016), WP 5D thus started the task of determining such parameters for IMT-2020 systems in the frequency range between 24.25 GHz and 86 GHz and wish to engage support of External Organisations (EO) in this work. During its 24th meeting (June 2016), WP 5D reviewed the list of technology-related parameters further. 
WP 5D is seeking the technical support and information relevant to the frequency range (24.25‑86 GHz) being considered under AI 1.13: 
i)
Utilizing the Table 11.1.1, please provide WP 5D with information on IMT-2020 technology-related parameters between 24.25 GHz and 86 GHz to be used in sharing and compatibility studies.

ii)
WP 5D kindly asks for information as follows in order to meet the ITU-R WP 5D deadline: 

-
Initial system characteristics and any views on the items included in Table 11.1.1 by the October 2016 meeting of WP 5D 

-
Final system characteristics and final values to be included in the attached Table 11.1.1 by the February 2017 meeting of WP 5D
TABLE 11.1.1
IMT-2020 technology-related parameters in the frequency range 24.25-86 GHz

	
	
	IMT-2020 

	No.
	Parameter
	Base station
	Mobile station

	1
	Duplex Method (Note 1)
	
	

	2
	Channel bandwidth (MHz)
	
	

	3
	Signal bandwidth (MHz)
	
	

	4
	Transmitter characteristics
	
	

	4.1
	Power dynamic range (dB)
	
	

	4.2
	Spectral mask
	
	

	4.3
	ACLR
	
	

	4.4
	Spurious emissions
	
	


	5
	Receiver characteristics
	
	

	5.1
	Noise figure
	
	

	5.2
	Sensitivity
	
	

	5.3
	Blocking response
	
	

	5.4
	ACS 
	
	

	5.5
	SINR operating range
	
	


Note 1: The relevance of Duplex Method parameter for sharing studies is still being considered in WP 5D.
The planned dates of the relevant WP 5D meetings to finalize the work on sharing parameters are shown in table 11.1.2:

TABLE 11.1.2
	ITU-R
Group
	Meeting
No.
	Start
(planned)
	Stop
(planned)
	
	Deadline for Inputs
	Requested from
External Organizations

	WP 5D
	25
	5 Oct. 16
	13 Oct. 16
	
	28 Sep 2016
	Initial  deliverable 

	WP 5D
	26
	14 Feb 17
	22 Feb 17
	
	7 Feb 2017
	Final deliverable 


11.2
Response to WP 5D for WRC-19 agenda item 1.13
Editor’s note: intended to capture what is replied to WP 5D for WRC-19 agenda item 1.13.

11.2.1
Access technique
11.2.2
Modulation parameters

11.2.3
Channel bandwidth

11.2.4
Signal bandwidth

11.2.5
Transmitter characteristics

11.2.5.1
Power dynamic range

11.2.5.2
Spectral mask

11.2.5.3
ACLR

11.2.5.4
Spurious emissions

11.2.6
Receiver characteristics

11.2.6.1
Noise figure

11.2.6.2
Sensitivity

11.2.6.3
Blocking response

11.2.5.4
ACS
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Conclusions

Editor’s note: intended to capture conclusions and recommendations from the RF and co-existence aspects of the New Radio Access Technology study item.
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