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Pseudo CR 45.820: NB M2M – Introduction
Introduction
This document provides some new text for the “7.1.1 General” section for the NB M2M candidate solution in the Technical Report. Note that this is introductory text, intended to provide the reader with a better understanding of the motivation for the NB M2M solution and its key design principles. We believe that this is very important for the NB M2M solution because it is a clean-slate solution, not an evolution of existing GSM, so many readers of the TR will be unfamiliar with the design principles.  Some of the basis for the proposed content can be found in [1], [2].
This submission is an update to GPC150135.
Proposed text for the TR
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7. 1 Narrow Band M2M (NB M2M)
[bookmark: _Toc405798845]7.1.1 General
<Note to editor: please delete existing section 7.1.1 and replace with the text in this pCR>
7.1.1.1 Design principles 
NB M2M is optimised for IoT communications according to the study objectives, whilst also taking account of the following considerations: 
1. Compatibility with stand-alone deployments in a low minimum system bandwidth in order to support a variety of deployment options, including, specifically, re-farming GSM carriers.
1. Compatibility with the battery technologies that are used in low cost IoT products by constraining the maximum MS transmit power and so the peak current drawn from the battery.
The NB-M2M physical layer uses a minimum system bandwidth of 200 kHz on both downlink and uplink.  In each direction, the 200 kHz channel is divided into narrow bandwidth sub-channels: 12 on the downlink and 36 on the uplink.  Each sub-channel carries a single carrier, and the modulation on each carrier is individually pulse-shaped.  Frequency re-use is applied across the system by dividing the available sub-channels between cells / sectors.  One of the key motivations for partitioning the channel into sub-channels is to enable communications with MSs that have lower peak transmit power but have the worst case coverage defined by the coverage extension objective of the study.
For each downlink and uplink sub-channel, time division multiplexing is used to map MAC layer logical channels onto the physical channels. Therefore, the solution uses a combination of frequency division multiple access (FDMA) and time division multiple access (TDMA) for resource allocation. 

Figure 7.1.1.1-1: Downlink and uplink channelization used for NB M2M solution
On the uplink, multiple MSs can transmit simultaneously using different sub-channels which is beneficial for uplink capacity. In addition, uplink sub-channels may be bonded together to provide wider bandwidth sub-channels, such that a single carrier occupies the wider bandwidth. This allows MSs with better link budget to transmit at higher data rates and so with lower energy consumption by reducing the transmit time. Uplink sub-channel bonding is illustrated in Figure 7.1.1.1-2, which shows a subset of a 200 kHz channel.
[image: ]
Figure 7.1.1.1-2: Example of bonded uplink sub-channels in NB M2M solution
The overall approach is intended to enable low system complexity and robust operation from the perspective of the MS. For example, the system design avoids fast, closed-loop feedback to control power levels, frequency, and timing. Well-known modulation techniques are used on both the downlink (PSK) and uplink (GMSK, PSK). 
The MAC layer of the NB-M2M solution is optimised to deliver datagrams of a few bytes to a few hundred bytes with good over-the-air protocol efficiency. In addition, the design supports long DRX cycles to optimise battery life.
7.1.1.2 Design targets for the NB M2M solution
7.1.1.2.1 	Coverage extension
One of the objectives defined in the study item description is to achieve 20 dB coverage extension compared with legacy GPRS.  The target for the NB M2M solution is to achieve this coverage extension objective while limiting the maximum MS transmit power to 23 dBm. 
The key design choice for NB M2M in this respect is to introduce Frequency Division Multiple Access (FDMA) across narrow-band sub-channels for the uplink.  Individual MSs are allocated a particular uplink sub-channel for their transmissions, and multiple MSs can transmit simultaneously on different uplink sub-channels. The sub-channel bandwidth is chosen to meet the system coupling loss objective given the maximum MS transmit power.  Although the maximum data rate per sub-channel is reduced in accordance with the sub-channel bandwidth, the uplink capacity is not negatively impacted since multiple MSs can transmit simultaneously using different sub-channels.
Other techniques such as symbol rate spreading and burst repetition are employed in the uplink and the downlink to extend the coverage. The solution defines a distributed pilot structure within each sub-channel that allows coherent combining of burst repetitions to maximise processing gain.
7.1.1.2.2 Battery life
The target for the NB M2M solution is to achieve good energy efficiency while at the same time ensuring that the solution is compatible with  the battery technologies that are appropriate for low cost IoT products.  For example, primary cell batteries may be preferred to provide long life-time due to their low self-discharge rate, but they have a limited peak current capability. The NB M2M solution is therefore designed to achieve the 20 dB coverage extension target with a maximum MS transmit power of 23 dBm (200 mW), which is a factor of ten lower than the maximum output power of legacy GPRS devices operating at 33 dBm (2W).  For MSs that have sufficiently good link budget, multiple uplink sub-channels can be bonded together, which allows higher uplink data rates and so reduces MS power consumption due to the shorter duration transmissions.
7.1.1.2.3 MS complexity
One of the objectives defined in the study item is to support ultra-low complexity MS implementations. The NB M2M solution adopts PHY and MAC layer design techniques that are intended to be compatible with this objective, for example:
· Relatively low maximum MS transmit power of 23 dBm, with support for constant envelope uplink modulation. These choices allow the PA to be operated in saturation for maximum output power and high efficiency, and may facilitate PA integration into a single-chip device.
· Narrowband modulation, which reduces the required sampling rate and avoids the need for channel equalisation, other than amplitude/phase tracking.  This may allow the use of a low complexity DSP core, using a lower clock frequency, within the modem implementation.
· [bookmark: _GoBack]A MAC design that uses a half-duplex RF transceiver and avoids the need for fast transmit/receive turn-around, with the aim to minimise peak processing load in the modem implementation.
7.1.1.2.4 System bandwidth and deployment options
One of the design goals for NB M2M is to provide a stand-alone IoT communications technology with a low minimum system bandwidth.  One option is to deploy the system in a duplex GSM channel pair as described above. Other options may be possible, for example using smaller tranches of spectrum outside the cellular bands for private systems or in the guard bands of other systems though these possibilities are not evaluated in this study.
Due to the nature of Cellular IoT traffic, it may not be necessary to have a large system bandwidth to achieve sufficient capacity in terms of number of supported MSs per cell. In fact, it is beneficial to support a low minimum system bandwidth because this conserves spectrum. Therefore, the NB M2M solution is designed to be deployed in a minimum system bandwidth of 200 kHz (FDD) for the entire IoT network (potentially with some additional guard bands depending on the nature of other systems occupying the adjacent spectrum). 
The NB M2M system can also be deployed in a system bandwidth that is a multiple of 200 kHz, to provide scalable capacity. 
A frequency re-use of 1/3 within the 200 kHz allocation is typically envisaged for initial deployments to ensure robust network operation with respect to inter-cell interference. This is compatible with the spectral properties of the narrow-band modulation, and requires no  timing synchronization between base stations or coordinated scheduling between cells.  Higher frequency re-use factors are allowed by the protocol design, but are not evaluated in this study.  
7.1.1.2.5 System capacity
The NB M2M solution aims to achieve sufficient system capacity to meet the study objective while having a low minimum system bandwidth and a maximum MS transmit power of 23 dBm. The key design choice is the use of narrow sub-channels, which is particularly important for the uplink as it allows multiple MSs to transmit simultaneously and compensates for the adoption of a lower maximum MS transmit power.
The NB M2M solution supports multiple coverage classes, with a typical cell configuration corresponding to:
· Normal coverage class, similar to legacy GPRS coverage
· Extended coverage class, corresponding to about 10 dB improvement relative to legacy GPRS
· Extreme coverage class, corresponding to 20 dB improvement relative to legacy GPRS. 
The different coverage classes correspond to operation with different modulation orders, coding rates, spreading factors, repetition factors, and sub-channel bonding factors, in order to match the data rate for each MS to its available link budget. This allows MSs that have good coverage to operate at higher data rates and with lower latency than MSs that have poor coverage. In effect, this is achieved by having a frame duration that scales according to the coverage class.   Therefore, the system is designed to meet the throughput and latency requirements for devices requiring extreme coverage extension, whilst devices in normal or extended coverage achieve improved performance in these respects.  
The system segregates devices onto different physical layer resources according to required coverage class, which optimises overall capacity. Also, the protocol design minimises the over-the-air overheads associated with scheduling and transmitting relatively short datagrams. 
7.1.1.2.6 Coexistence and re-use of existing infrastructure
The NB M2M solution aims to re-use existing infrastructure, especially the remote radio heads. For example, the downlink is designed such that the required coverage enhancement can be achieved without an increase in power spectrum density of the base station transmissions compared with legacy GPRS. Whilst the NB M2M system can use simple, constant-envelope GMSK on the uplink to reduce device complexity, the narrow sub-channels reduce interference into adjacent channels.
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Downlink channels within one resource block
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Example of bonded uplink channels
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