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Motivation
M2M applications are growing rapidly over today’s cellular networks: in[1], the analysis clearly shows that the ratio of connected Things to People on the planet has already reached almost 2.0, and that there were 8.7 billion connected Things at end-2012 and 10.8 billion today. A number of companies believe that the ratio of connected Things to People will rise sharply over the next 5-10 years, perhaps reaching around 7:1 by 2020, meaning there could be as many as 50 billion connected Things that year. In a similar vein, GSMA believes the total figure for connected Things could grow to 24 billion by 2020 whilst Gartner forecasts that number at 30 billion. 
However, such applications have some new characteristics which cannot be well-served by the current GPRS system. Among them cell coverage is an important one. There are many M2M applications where terminals will be fixed in adverse locations where field strength is very low, even if the overall outdoor coverage is good. A typical application today is utility metering, with devices normally placed in basements, meter closets, tunnels, underground bunkers or in an unpopulated valley in mountainous country. These places often have very poor coverage which cannot fulfill a requirement widely applied to metering applications, that 99% of all meter locations shall be covered. 
A significantly lower price compared to existing GPRS modules is also an important requirement. Considering the large number of devices deployed in the future, the price must be ultra-low to compete for example with devices using unlicensed spectrum. 
Battery life is also a critical issue. M2M devices cannot frequently charge their battery as a smart phone can. A local mains power source may not be available (consider a water meter in a manhole), or may not be usable for safety reasons as with a gas meter. It is not usually economically feasible to change a battery frequently. Considering the long service life for many applications, radio modems that can operate for an ultra long period, e.g.10 years, or more on small primary batteries are needed.
Legacy GPRS systems can support very limited numbers of users within a cell, inappropriate for the huge number mentioned above. 
All these require evolution over GPRS system to serve M2M applications.
This paper presents a solution targeting the above requirements and proposes to create a new study item to solve these problems.
Solution Concept
To address the above problems, sourcing companies propose a technology named narrow-band M2M (NB M2M). This section explains the overall concept of this solution. In this section, a dedicated 200kHz (180kHz transmission bandwidth) frequency band is termed a "resource block".
Radio part
The main idea of NB M2M is to divide each resource block into a number of frequency channels where each channel is individually modulated and pulse-shaped. The bandwidths of channels are sufficiently narrow that equalisation at the receiver is very simple due to the flat frequency response in the very narrow bandwidth. Frequency division duplex (FDD) is used for uplink and downlink. The base station operates in full duplex mode in order to maximise network capacity . UE operates in half duplex mode to reduce the RF cost.
Either a single resource block or multiple resource blocks can be used for the whole system. When utilising multiple resource blocks, they do not need to be adjacent in frequency. In fact, there are advantages in terms of frequency diversity in providing significant separation in frequency between different resource blocks.
Importantly, a UE need only receive and transmit on a single carrier.
Downlink
Each resource block is sub-divided into a certain number of physical channels (for example 12 downlink physical channels, with a channel spacing of 15 kHz in a 200kHz resource block. ) The downlink channelization for a single resource block is illustrated as below.
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Figure 1 Downlink channelization
A base station sector may be allocated downlink channels from one or more resource blocks. The assigned channels for each base station sector depend on the cell frequency planning and re-use scheme that is used for the deployment.
At least one downlink physical channel per base station sector is reserved for the system information broadcasting, frequency correction, and timing synchronization. The remaining downlink physical channels are used for carrying the control and data information. 
A UE is not required to receive multiple downlink channels simultaneously. A UE shall be capable of re-tuning its receiver from one downlink channel to a different downlink channel within a resourec block. The ability to re-tune its receiver between different resource blocks is FFS. 
Low order modulation types are mainly considered, e.g. GMSK, BPSK, QPSK. High order modulation types, e.g. 8PSK, 16QAM are also taken into account to achieve higher peak data rate in good radio environment. 
Uplink
Each uplink resource block is sub-divided into many more channels with narrower channel spacing, for example 5 kHz.
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Figure 2 Uplink channelization
A base station sector may be allocated uplink channels from one or more resource blocks. The assigned channels for each base station sector depend on the cell frequency planning and re-use scheme that is used for the deployment. 
In uplink a given level of power can be concentrated into a reduced bandwidth at theUE, which could help coverage enhancement with less frequency resouces. Narrower bandwidth in uplink improves uplink capacity by allowing frequency division multiple access.
If a base station sector is allocated multiple uplink channels, then it may choose to allocate for example, 2,4, or 8 contiguous uplink channels to the same UE for the duration of its transmission. This enables higher uplink data rates (and potentially lower power consumption) for UEs that have sufficient link budget.
Low order modulation, e.g. GMSK having zero PAPR, is mainly considered for uplink, which leads to higher power efficiency. High order modulation types, e.g. 8PSK, 16QAM are also taken into account to achieve higher peak data rate in good radio environment. 
Architecture part
Most MTC applications belong to IP based services which only require packet data transmission. In this case, operators may not need to support both traditional circuit switched services and packet switch services simultaneously to support various MTC applications.
In the current GPRS network, the Gb interface is used. However, the Gb interface has its origins in ‘backwards comapitibilty with GSM phase 2 CS networks’ and, as such, is sub-optimal for long term future usage by billions of devices. For example, the Gb interface uses awkward mix of user plane traffic for control plane functions such as cell change and Peridic Routing Update timer restart. Also, while the security of 2G systems has served the community excellently, it is not clear that it is well suited for use over all of the next 20 years. Moving to a solution involving the S1 interface (i.e. based on TS 24.301 and TS 36.413) may provide operators with a common core network that offers operational cost savings. . To avoid such drawbacks on 2G core network, more and more operators select EPC as it is the most advanced core network to support IP multimedia services. SA2 has already started a new WID on Dedicated Core Network to allow a separate EPC to be deployed for special use case, e.g. for M2M only. In this case it is worth to consider multi-RAT to provide PS services via a common CN, i.e. EPC to reduce deployment complexity and operation costs for operators. Therefore it is proposed to consider connection via S1 interface to EPC to support better M2M management.
Conclusions
This document discusses the trends and new characteristics of Cellular IoT and proposes a narrow-band approach (called “NB M2M”) for both radio and architecture design to cater to this new demand. Some preliminary results of evaluation for NB M2M are provided in [2].
It is the view of sourcing companies that NB M2M is a promising candidate solution to meet the requirement of the mass Internet of Things market for low cost, low power, low data rate communication with ubiquitous coverage and supporting a much greater number of devices. It is therefore proposed to study this solution in GERAN.
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