	Radiocommunication Study Groups
	[bookmark: ditulogo][image: ]

	28th Meeting of Working Party 5D
Munich, Germany, 03-11 October 2017
	

	
	

	[bookmark: recibido][bookmark: dnum]Received; day month 2017
	Document 5D/xxx/-E

	[bookmark: ddate]
	  2017

	[bookmark: dorlang]
	English only

General Aspects
Ad-Hoc MTC

	[bookmark: dsource]United Kingdom[footnoteRef:1]
 [1:  This contribution has been developed and agreed within the framework of CEPT ECC PT1.] 

PROPOSED CHANGES TO THE WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW REPORT ITU-R M.[IMT.MTC]

	[bookmark: drec]
[bookmark: _GoBack]This contribution proposes editorial changes to IMT.MTC, which can be found in the annex. In addition, it is proposed to clarify that examples of frequency bands used for Machine-Type Communications provided in the working documents are national examples.



	[bookmark: dtitle1]


[bookmark: dbreak]

Annex
WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT NEW
REPORT ITU-R M.[IMT.MTC]
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1	Introduction
Machine-type communications (MTC)[footnoteRef:2] are entering our daily lives and offer the potentialpromising to help enable a more convenient, intelligent and hyper-connected world. The deployment of MTC infrastructure networks are expanding rapidly and have the potentialare being deployed to support both consumer as well as industrial markets. There are many kinds of services and applications of MTC with a diverseified range of requirements targeting different market segments.  These pose a number ofing challenges, for example; support for a large number of devices, wide area and deep indoor coverage, security, low power consumption, low cost and various data rates., MTC is a subject of high interest for the information and communication technology industry and other industries, as well as end users, regulators and other sectors that can potentially benefit from this emergingnew communications technology. International Mobile Telecommunication (IMT) infrastructure networks are expected to play a role in supporting MTC applications. [2: 	MTC is also known as machine-to-machine (M2M) or Internet of Things (IoT), and these terms are used interchangeably in this text.
] 

IMT systems have been developed to satisfy various MTC broadband and narrowband requirements and use cases. As described in Recommendation ITU-R M.2083, the support of massive Machine Type Communication (mMTC) is one of the main usage scenarios of IMT‑2020. 
New capabilities of IMT systems have been developed to support optimized narrowband communication of MTC devices. The 3rd Generation Partnership Project (3GPP) has expanded its MTC portfolio to include new IMT based technologies including Narrowband IoT (NB-IoT) and Long Term Evolution enhanced MTC (LTE-eMTC). These new IMT based technologies have optimised features to support a large number of MTC devices chareacterised by low throughput, low power consumption, low cost with wide coverage and deep indoor penetration. Also, tTechnical specifications are also being developed in 3GPP for Ultra Reliable Low Latency Communications (URLLC) which will may support some MTC use cases.  The development of New Radio (NR) within 3GPP to meet the IMT-2020 requirements will include specifications to satisfy various MTC broadband and narrowbandrequirements and use cases. As described in Recommendation ITU-R M.2083, the support of massive Machine Type Communication (mMTC) is one of the main usage scenarios of IMT‑2020. 

Globally, the importance of developing reliable and cost effective connectivity solutions for various industries is increasing on a daily basis. These include smart energy management, agriculture, water management, waste management, health, transportation, agriculture and utilities that may have a direct impact on the social and economic development. Around 29 billion connected devices are forecasted by the year 2021, as per the Ericsson Mobility Report, 2017. 
 [Editor’s note: Include footnote reference for Ericsson report].
[Editor’s note: Expand the introduction to ensure that both narrowband and broadband are considered.]
[Comment; this text below is proposed to be moved from the previous section 4.4]
MTC has wide range of narrowband and broadband requirements based on each use case. Several use cases for MTC connections are expected to have narrowband requirement as well as wide coverage area and low power consumption. Some of the MTC requirements are summarized in the following figure. 
[image: ]
The broadband MTC spectrum requirement (e.g. UL live streaming of high definition cameras, etc.) are planned to be met by utilizing the resources identified for current IMT-Advanced and future IMT‑2020 systems. This can utilize the current and future spectrum identified for IMT systems. 
The harmonization of spectrum usage of already identified IMT spectrum seems to be very promising to meet narrowband MTC requirements in particular for developing countries (e.g. parking, lighting, meters, wearable, etc.). This might differ from one region to another based on the availability of the spectrum resources.
[Editor's note: Further details to be provided on low throughput requirement low power consumption and long battery life, coverage enhancement, etc.]
The harmonised use of spectrum for IMT systems, including those used to support MTC applications, have advantages such as:
–	Fast ecosystem development and deployment.
–	Cheap ecosystem for the market and consumers.
–	Compatibility of consumer devices with cellular networks with high reliability and interoperability.

2	Scope
This report addresses studies on the technical and operational aspects of radio networks and systems, as well as spectrum needed, including possible harmonized use of spectrum to support the implementation of narrowband and broadband MTC infrastructures.
3	Relevant ITU-R Recommendations and Reports
	Recommendation ITU-R M.2083
	IMT Vision – Framework and overall objectives of the future development of IMT for 2020 and beyond

	Recommendation ITU-R M.2012
	Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications Advanced
(IMT-Advanced)

	Report ITU-R M.2320
	Future technology trends of terrestrial IMT systems

	Report ITU-R M.2134
	Requirements related to technical performance for IMT‑Advanced radio interface(s)

	Recommendation ITU-R M.1036-5
	Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) in the bands identified for IMT in the Radio Regulations (RR)



4	Technical and operational studies of IMT-Based radio networks and systems to support narrowband and broadband machine-type communication
4.1	Technical aspects in ITU-R Working Party 5D
[Editor's note: Contributions are invited to provide summary of ITU-R WP5D relevant material for a new section 4.1 on ITU-R WP5D technical aspects before the port text moves into 3GPP activities]
4.2	Technical aspects in 3GPP
[Editor’s note: Need to review for determining which portions are NB and which are BB. NB should also include EC-GSM-IoT] 
[Editor’s note: Discuss possible LS to EO to ensure accuracy of information.]
[Editor’s note: Capabilities and/or technical requirements. Technology driver or application driver.] 
The 3rd Generation Partnership Project (3GPP) has currently defined three MTC technologies to operate within IMT networks: Extended Coverage GSM for Internet-of-Things (EC-GSM-IoT), LTE MTC/eMTC and NB-IoT. While EC-GSM-IoT is based on 3GPP legacy Global System for Mobile Communications (GSM) technology, LTE MTC and NB-IoT have been specified as an integrated feature of LTE broadband technology. 
3GPP is alsocurrently developing technical specifications to support massive MTC (mMTC) and also MTC applications using URLLC.  
4.2.1	Technical aspects of IMT systems for broadband MTC
The 3GPP cellular broadband technologies, i.e. Universal Mobile Telecommunications Service (UMTS), High Speed Packet Access (HSPA) and LTE, support a wide range of data applications, with in-built security and Quality of Service support. In recent 3GPP releases, enhancements for MTC have been introduced, including support for congestion control, improved device battery lifetime, ultra-low complexity devices, massive number of devices and improved indoor coverage. 
MTC specifications were first developed in Release 8 LTE standards to support high data rate MTC communications (i.e. up to 10 Mbit/s in downlink and 5 Mbit/s in uplink) using up to a 20 MHz LTE channel. The recent releases of the 3GPP standards include;
[Editor's note: Check and reflect status of 3GPP Release 8 in ITU-R M.1457 IMT recommendations]
–	Delay tolerant access establishment 
–	Extended access barring 
–	User Equipment (UE) power saving mode 
–	Low complexity UE category 
–	Extended Discontinuous Reception (DRX) 
4.2.2	Technical aspects of IMT systems for narrowband MTC [suggest that this section should be placed before the existing 4.2.1 broadband section in terms of flow]
IMT systems have been developed to meetanage various MTC requirements. The development of IMT systems to accommodate narrowband MTC requirements are likely to s play an important role in supporting MTC developments and thedue to their large forecasted number of connections. The new IMT systems for /narrowband MTC have been developed to manage various MTC device connectivity requirements. The portfolio of IMT systems will include the following optimized capabilities:
–	New narrowband MTC, (known as NB-IoT in 3GPP), introduced in Release 13 3GPP specifications, is a new radio technology added to the IMT advanced and IMT-2020 platforms that is optimized for the low end requirements  segment of the IoT market which requires in terms of low throughput, long battery life, wide area and deep indoor coverage and a low cost equipment ecosystem. This new promising technology will complement the family of IMT systems to satisfy the rapidly growing demands for various MTCIoT capabilities. This technology utiliszes blocks of 200 kHz channel bandwidth and provides peak data rates of 250 kbit/s in downlink and 250 kbit/s (20 kbit/s for 15 kHz single tone operation) in uplink with the ability to support up to 200 000 connected devices per channel. Some of the features of Release 13 and 14 are provided in Annex B.
–	Enhanced MTC, (known as LTE‑eMTC in 3GPP), has been introduced in Release 13 specifications. LTE-eMTC uses a 1.4 MHz channel bandwidth and provides peak data rates of 1 Mbit/s in downlink and uplink. 
–	The EC-GSM-IoT has also been standardized in 3GPP Release 13 specifications.  This technology is based on the 3GPP enhanced General Packet Radio Service (eGPRS) technology platform so that it can be deployed conveniently via software upgrade of existing GSM networks. This IoT technology uses a 200 kHz GSM channel and provides peak data rates of up to 240 kbit/s in downlink and uplink. 
–	The 3GPP is currently developing specifications for machine type communications under the New Radio (NR) technology. The focus has been on two very distinct requirements: 1) simple, low-cost, low energy and low data-rate devices for massive machine type communication, and 2) ultra-low latency and highly reliable devices for machine type communications.
4.3	Operational aspects
Other aspects that should be considered in order to study and identify opportunities for IoT applications in mobile broadband bands include:
–	Semiconductor technology advances can improve battery consumptions while leveraging radio interface commonalities can reduce device costs.
–	IMT technologies and new features are focused on the reduction of battery consumption and increasing battery life.
–	IMT networks will provide improved coverage across macro base stations, small cells and femtocells, supporting high data rates. This aspect will reduce the cost of network infrastructure for operators and IoT service providers.
–	With wide, predictable, global and reliable coverage, IoT applications gain with mobility and have the possibility of tracking devices for uses in logistics and connected vehicles.
–	The IMT-Advanced and IMT-2020 technologies offer characteristics related to IoT based on capacity and performance.
4.3.1	Broadband operational aspects
[Editor's note: Text to be developed]
4.3.2 	Narrowband operational aspects
[Editor's note: Text to be developed]
4.4	MTC performance 
[Editor's note: Contributions are encouraged including the appropriate position of this MTC performance text with this section 4]
MTC has wide range of narrowband and broadband requirements based on each use case. Several use cases for MTC connections are expected to have narrowband requirement as well as wide coverage area and low power consumption. Some of the MTC requirements are summarized in the following figure. 
[image: ]
The broadband MTC spectrum requirement (e.g. UL live streaming of high definition cameras, etc.) are planned to be met by utilizing the resources identified for current IMT-Advanced and future IMT‑2020 systems. This can utilize the current and future spectrum identified for IMT systems. 
The harmonization of spectrum usage of already identified IMT spectrum seems to be very promising to meet narrowband MTC requirements in particular for developing countries (e.g. parking, lighting, meters, wearable, etc.). This might differ from one region to another based on the availability of the spectrum resources.
[Editor's note: Further details to be provided on low throughput requirement low power consumption and long battery life, coverage enhancement, etc.]
The harmonised use of spectrum for IMT systems, including those used to support MTC applications, have advantages such as:
–	Fast ecosystem development and deployment.
–	Cheap ecosystem for the market and consumers.
–	Compatibility of consumer devices with cellular networks with high reliability and interoperability.
5	Spectrum considerations
5.1	Types of spectrum needed 
MTC applications and devices can be used effectively with all the benefits of the existent mobile broadband bands and the new frequency bands under study for IMT. This approach avoids the necessity of identifying new spectrum dedicated exclusively for MTC applications, and thus no changes are needed in the Radio Regulations (RR). Sections 5.1.1 and 5.1.2 provide a high level description of the two spectrum licensing approaches.
5.1.1 	Licensed spectrum
Licensed spectrum provides means of efficient use for applications relying on defined levels of Quality of Service (QoS). It gives the possibility to mitigate interferences improving the performance of IMT networks. Bands identified for IMT are typically licensed and utilize Frequency Division Duplex (FDD), Time Division Duplex (TDD) and/or Half-Duplex FDD (HD‑FDD) duplexing modes.
5.1.2	License-exempt spectrum
Technology using Licence-exempt spectrum incorporatesprovides sophisticated mechanisms to mitigate interferences giving the additional opportunities for connectivity for MTC devices. Applications which do not rely on certain QoS levels or operate in interference controlled environments canould be supported by this type of spectrum. IMT technology could be used in licence-exempt bands.
5.2	Possible harmonized use of spectrum to support the implementation of narrowband and broadband machine-type communication infrastructures
In order to facilitate the deployment of networks to support MTC applications, some examples of possible harmonized use of spectrum are included in Table 1 and Table 2. These tables provide example lists of bands used for narrowband machine-type communications and broadband machine-type communications.
Table 1
[National] Examples of frequency bands used for Narrowband Machine-Type Communications
[Editor’s note: Further inputs are invited to include other national examples.]
	Example frequency bands
	Channel size
	Source

	Mobile station transmitter
	Base station transmitter
	Unpaired
	
	

	733-736 MHz
	788-791 MHz
	None
	200 kHz
(200 kHz blocks can be aggregated up to 1.4 MHz)
	Some countries in Region 1, as a possible option for the use of arrangement A9 in table 3 section 2 of Rec. ITU-R M.1036-5

	829-849 MHz
	874-894 MHz
	None
	200 kHz
	One country in Region 3 uses arrangement A1 of Rec. ITU-R M.1036-5

	895-905 MHz
	940-950 MHz
	None
	180 kHz
	One country in Region 3, as a possible option for the use of arrangement A2 of Rec. ITU-R M.1036-5

	1 735-1755MHz
	1830-1850 MHz
	None
	200 kHz
	One country in Region 3 uses arrangement B1 of Rec. ITU-R M.1036-5



Table 2
[National] Examples of frequency bands used for Broadband Machine-Type Communications
[Editor’s note: Inputs are invited to include national examples.]
	Example frequency bands
	Channel size
	Source

	Mobile station transmitter
	Base station transmitter
	Unpaired
	
	

	
	
	
	
	


6	Summary and conclusions
The harmonised use of spectrum for IMT systems, including those used to support narrowband and broadband MTC applications, present advantages, especially for developing countries.  It facilitates economies of scale particularly during the deployment of MTC applications in a timely and cost effective manner.
Analysis of the current and future spectrum use for narrowband and broadband IMT machine type communications shows that the identification of spectrum for mobile communications (voice and data) already guarantees quality of service (QoS). MTC applications and devices can be used effectively with all the benefits of the existent mobile broadband bands and the new frequency bands under study for IMT. This approach avoids the necessity of identifying new spectrum dedicated exclusively for MTC applications and thus no changes are needed in the Radio Regulations under Resolution 958 (WRC-15).
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ANNEX A
Abbreviations / Glossary
3GPP		3rd Generation Partnership Project
ACK		Acknowledgement 
AS		Access-Stratum
cMTC		critical Machine-Type Communication
CP		Control-Plane
DL		Downlink
DM-RF		Demodulation Reference Signal
DRB		Data Radio Bearer
EC-GSM-IoT	Extended Coverage GSM for Internet-of-Things
eGPRS		enhanced General Packet Radio Service
eMTC		enhanced Machine-Type Communication
FDD		Frequency Division Duplex
GSM		Global System for Mobile Communications
HARQ		Hybrid Automatic Repeat Request
HD-FDD		Half-Duplex FDD
HSPA		High Speed Packet Access
IMT		International Mobile Telecommunication
IoT		Internet-of-Things
LTE		Long Term Evolution
M2M		Machine-to-Machine
MCL		Maximum Coupling Loss
mMTC		massive Machine-Type Communications
MTC		Machine-Type Communications
NACK		Negative Acknowledgement
NAS		Non-Access-Stratum
NB-IoT		Narrowband Internet-of-Things
NPBCH		Narrowband Physical Broadcast Channel
NPDCCH		Narrowband Physical Downlink Control Channel
NPDSCH		Narrowband Physical Downlink Shared Channel
NPRACH		Narrowband Physical Random Access Channel 
NPSS		Narrowband Primary Synchronization Signal
NPUSCH		Narrowband Physical Uplink Shared Channel
NR		New Radio
NRS		Narrowband Reference Signal
NSSS		Narrowband Secondary Synchronization Signal
PDCP		Packet Data Convergence Protocol
PRB		LTE Physical Resource Block
QoS		Quality of Service
RRC		Radio Resource Control
TDD		Time Division Duplex
ToA		Time-of-Arrival
UE 		User Equipment
UL		Uplink
UMTS		Universal Mobile Telecommunications Service 
UP		User-Plane
URLLC		Ultra-Reliable Low Latency Communications
[Editor's note: Add more as appropriate] 

ANNEX B
Overview of 3GPP NB-IoT Technology (Releases 13 and 14)
B.1	Key performance indicators / objectives
[Editor’s note: References will need to be provided.]
The following Key performance indicators need to be ensured:
–	Improved indoor coverage (≥ 20 dB coverage enhancement compared to GPRS)
•	164 dB Maximum Coupling Loss (MCL) (20 dB enhancement compared to commercially available GPRS with 144 dB MCL)
–	Support of massive number of low throughput devices (≥ 52000 connections/sector)
•	52547 Devices per cell with the traffic model in Annex E of TR 45.820
–	Reduced complexity (Ultra-low UE complexity)
•	very cheap (so that they can be deployed on a mass scale or in a disposable manner)
–	Improved power efficiency (targeting ≥ 10 year battery life depending on the transmission mode and adopted traffic model)
•	ten years battery life with battery capacity of 5 Wh (Watt-hours)
–	Latency (≤ 10 sec exception report latency)
•	10 seconds measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network
B.2	Co-existence with LTE objectives
–	It is assumed that the 3GPP NB-IoT technology is deployed in licenced spectrum bands. 
–	Co-existence with LTE
•	avoid negative impacts to legacy LTE system(s) deployed in the same frequency band
•	support of in-band, guard-band, and standalone deployments’ scenarios and to meet the targets. 
–	Implementation impact to base stations
•	impacts to the existing base station hardware should be minimized
B.3	Physical layer features
The support of the following physical layer features need to be ensured:
–	Narrowband synchronization signals designed for coverage extension: Narrowband Primary Synchronisation (NPSS) and Narrowband Secondary Synchronisation Signal (NSSS)
–	New narrowband Downlink (DL) channels operating in a single LTE Physical Resource Block (PRB) (i.e. 180 kHz) with coverage extension: 
•	Narrowband Physical Broadcast Channel (NPBCH)
•	Narrowband Physical Downlink Control Channel (NPDCCH)
•	Narrowband Physical Downlink Shared Channel (NPDSCH)
•	NPDSCH is similar to LTE PDSCH, but with scheduling in time domain instead of frequency domain.
–	Narrowband Reference Signal (NRS): new common narrowband reference signal, and UE can also use LTE CRS if the LTE deployment is suitable 
–	Two narrowband uplink (UL) physical channels:
•	Narrowband Physical Uplink Shared Channel (NUSCH)
•	Narrowband Physical Random Access Channel (NPRACH)
–	Greatly reduced UE processing requirements for decoding NPDCCH and NPDSCH compared to LTE and early MTC user equipment  
–	Narrowband UL channel carrying data and ACK/NACK: NPUSCH format 1 and format 2 respectively
•	3.75 kHz or 15 kHz single-tone transmission for data and ACK/NACK
•	15 kHz multi-tone transmission for data on 3, 6, or 12 tones (subject to inter‑operability testing)
•	New UL Demodulation Reference Signal (DM-RS) tailored to each number of tones and spacing
–	Single-tone 3.75 kHz frequency-hopping NPRACH to provide connection capacity and Time-of-Arrival (ToA) estimation in deep coverage
–	UL transmission gaps to allow use of low-cost oscillator in UE
–	Physical design includes optimizations to maximize available resources in guard-band and standalone deployments
B.4	Higher layers features
The support of the following higher layers features needs to be ensured:
–	Greatly simplified protocol layers and system information, by simplifying LTE
–	IDLE-mode mobility, with no need to report measurements and no priority-based cell reselection 
–	Control-plane (CP) and User-plane (UP) ‘optimizations’
•	Data is carried over Non-Access-Stratum (NAS) and Access-Stratum (AS) security; Packet Data Convergence Protocol (PDCP) functionalities and Data Radio Bearer (DRB) not included in CP optimization to reduce the complexity 
•	UE Context is maintained when the Radio Resource Control (RRC) connection is suspended and one DRB is included by default and up to two DRBs are supported optionally for UP optimization to reduce buffering cost 
–	Optimized access-control mechanism to support NB-IoT services
–	Paging, with extended eDRX cycle to reduce power consumption
–	Anchor and non-anchor PRBs can be configured to allow broadcast and unicast traffic to be sent on different PRBs, while UE only operates on a single PRB at any time 
–	Single process Hybrid Automatic Repeat Request (HARQ) to reduce cost and complexity.
B.5	Further anticipated enhancements of IMT-Based NB-IoT technology[footnoteRef:3]  [3: 	These enhancements are anticipated for 3GPP Release 14.] 

–	Multicast (e.g. for device firmware updates and group messaging)
–	Positioning (e.g. track devices to ~50 meter accuracy)
–	New UE category with faster transmission (e.g. ~80 kbit/s downlink / 100 kbit/s uplink peak data rate)
–	Very low power class of 14 dBm to allow coin-cell batteries in very small IoT devices
–	Mobility and service continuity enhancements.


ANNEX C
Overview of 3GPP MTC Technology (Releases 13 and 14)
[Editor's note: Consideration is suggested on whether a section on 3GPP MTC is needed and contributions on the content encouraged as appropriate]
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