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NB M2M - Proposed Conclusion for the Cellular IoT SI
1 Introduction
At GERAN#62, a study item named “Cellular IoT” (CIoT) was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. NB M2M was proposed as one of the candidate solutions, and is described in detail in sub-clause 7.1 of the CIoT TR [2].
This document summarizes the performance evaluations for NB M2M and proposes a conclusion on NB M2M for the Cellular IoT study item.
2 Summary of Evaluation versus Objectives for NB M2M
A number of performance objectives and compatibility objectives were defined during the early phase of the study, as quoted below from the latest TR [2] in the following sub-sections.

This section summarizes the evaluations that have been completed for NB M2M and concludes on the compliance of NB M2M with each objective.

2.1 Improved indoor coverage
2.1.1 Objective
“A number of applications require deployment of Machine Type Communication (MTC) devices indoor, e.g. in an apartment basement, or on indoor equipment that may be close to the ground floor etc. This effectively means that indoor coverage should be readily available and reliable. It should be possible to achieve an extended coverage of 20 dB compared to commercially available legacy GPRS (Non EGPRS) devices. The assumption of the MCL for legacy GPRS (Non EGPRS) is 144 dB (see Annex B). The extended coverage should allow delivery of a data rate of at least 160 bps on both the uplink and downlink at the (equivalent of) the Service Access Point (SAP) to the equivalent SubNetwork Dependent Convergence Protocol (SNDCP) layer.”
2.1.2 Summary of evaluations

The coverage performance of network synchronization is evaluated in sub-clause 7.1.7.1.1 of the TR, and the evaluations conducted by different sources verify that good time synchronization accuracy (i.e. less than 1/8 symbol residual timing error) and good frequency synchronization performance (i.e. less than 45 Hz residual frequency offset) are achieved within a short latency at the target MCL of 164 dB.
The coverage performance of random access is evaluated in sub-clause 7.1.7.1.4 of the TR, and the results show that the false detection rate for the random access request in the NB M2M system is very low in all the simulation cases (i.e. no false detections within 1000000 realizations) at the target MCL of 164 dB.

The coverage performance of data and control channels is evaluated in sub-clause 7.1.7.1.5 of the TR, and the results show that the target MCL of 164 dB can be met by all relevant channels, which implies a coverage extension of 20 dB compared with legacy GPRS. Furthermore, all data channels comfortably achieve the required throughput of 160 bps at the top of the (equivalent of) SNDCP layer. 

It should be noted that the uplink coverage extension is achieved with a maximum MS transmit power of only 23 dBm, which is 10 dB lower than the maximum MS transmit power allowed by the study of 33 dBm.
Hence it can be concluded that the performance objective for coverage is achieved.

2.2 Support for massive numbers of low throughput devices
2.2.1 Objective

“A system that can support a large number of devices, each generating a small amount of data is required. At cell level, it is expected that each household in a cell may have up to 40 MTC devices and the household density per cell is according to the assumptions in Annex A of TR 36.888 [3]. The resulting MTC device density per cell is provided in Annex E.”
2.2.2 Summary of evaluations

The capacity for MS generated user data is evaluated in sub-clause 7.1.7.2.1 of the TR, and the results show that the capacity of NB M2M is sufficient to support the target number of MSs per sector as specified in Annex E of the TR (with both BPL models, both BPL inter-site correlation coefficients, and with or without IP header compression). Furthermore, the capacity objective is achieved with a system bandwidth for the network of only 200 kHz (plus guard bands, if needed).
The impact due to software update/reconfiguration is evaluated in sub-clause 7.1.7.2.2. Only a very slight impact on system capacity was found (i.e. about 0.05% for the downlink and less than 0.01% for the uplink).
Hence it can be concluded that the performance objective for capacity is achieved.

2.3 Reduced complexity
2.3.1 Objective

“M2M applications require devices that are very cheap (so that they can be deployed on a mass scale or in a disposable manner). The study should take into consideration that MTC devices have very limited throughput requirement and may not need to support circuit switched services to develop techniques that can significantly reduce complexity and hence cost.”
2.3.2 Summary of evaluations

The MS complexity has been evaluated in [3]. The overall die area for the core transceiver functions, including the memory for the cellular protocol stack, has been estimated at 4.6 mm2 (without on-chip PA) or 5.4 mm2 (with on-chip PA), assuming a 65 nm CMOS process with embedded flash memory. The estimated die area of the equivalent core functionality for a legacy GPRS device (based on published references) with scaling to the same process geometry is 10 mm2. 
For the MS transmitter, the choice of narrowband modulation with the option for constant envelope modulation allows low complexity implementations with high energy efficiency, for example using polar transmitter architectures.

For the modem digital signal processing, a dual-MAC DSP core with a clock speed of about 50 MHz, is sufficient, with custom front-end logic for digital filtering. For the protocol stack, an MCU of similar complexity to an ARM M-series core is sufficient. The size of the embedded flash memory (for layer 1, 2 and 3 code storage) is estimated at 512 kbytes, and the size of the embedded SRAM (for data and also for DSP code execution) is estimated at 192 kbytes.
Hence it can be concluded that the performance objective for MS complexity is achieved.

2.4 Improved energy efficiency
2.4.1 Objective

“The power consumption of MTC devices compared with legacy GPRS (non EGPRS) should be reduced so that they can have up to ten years battery life with battery capacity of 5 Wh (Watt-hours), even in locations with adverse coverage conditions, where up to 20 dB coverage extension over legacy GPRS might be needed.”
2.4.2 Summary of evaluations

Energy consumption is evaluated in sub-clause 7.1.7.4 of the TR. 
For all coupling losses (so up to 20 dB coverage extension compared with legacy GPRS), a 10 year battery life is achievable with a reporting interval of one day for both 50 bytes and 200 bytes application payloads. 

For a coupling loss of 144 dB (so equal to the MCL for legacy GPRS), a 10 year battery life is achievable with a two hour reporting interval for both 50 bytes and 200 bytes application payloads. 

For a coupling loss of 154 dB, a battery life of 9.5 to 10 years can be achieved with a 2 hour reporting interval for a 50 byte application payload. 

For a coupling loss of 154 dB with 200 byte application payload, or a coupling loss of 164 dB with 50 or 200 byte application payload, a 10 year battery life is not achievable for a 2 hour reporting interval. This is a consequence of the transmit energy per data bit (integrated over the number of repetitions) that is required to overcome the coupling loss and so provide an adequate SNR at the receiver.

Hence it can be concluded that the performance objective for energy efficiency is achieved.
2.5 Latency
2.5.1 Objective

“M2M devices may in general support relaxed delay characteristics, and this may be taken into account when evaluating e.g. system capacity. 

Certain applications (e.g. alarms) may however require a reasonably strict delay profile. For devices supporting such applications a delay requirement of 10 seconds is appropriate for the uplink when measured from the application ‘trigger event’ to the packet being ready for transmission from the base station towards the core network.”
2.5.2 Summary of evaluations

The analytical calculation of latency for MAR exception uplink reports is captured in sub-clause 7.1.7.3.1 of the TR, and the results indicate that the 10 second latency target for exception reporting can be achieved, even with a coverage extension of 20 dB, for 90% and 99% confidence in successful delivery of the report.
System level simulations have also been run to evaluate the latency for MAR periodic uplink reports (see sub-clause 7.1.7.3.2 of the TR) and for the corresponding downlink application layer ACKs (see sub-clause 7.1.7.3.3 of the TR), and the results indicate a median latency of not greater than 2.17s and 0.28s, respectively. The latency of random access was also derived from the same set of system level simulations, and the median value was found to be no greater than 0.34s.
Hence it can be concluded that the performance objective for latency is achieved.
2.6 Coexistence with legacy systems
2.6.1 Objective

“The Cellular IoT system should avoid negative impacts to legacy GSM/WCDMA/LTE system(s) deployed in the same frequency band and adhere to the regulatory requirements which apply to the spectrum bands in which the system operates.”
2.6.2 Summary of evaluations

Coexistence evaluations for GSM, UTRA and E-UTRA are captured in sub-clause 7.1.7.6 of the TR, and the results indicate that with the appropriate assumed RF system characteristic of ACLR for NB M2M,
· The GSM victim system’s outage degradation due to NB M2M interference from adjacent channels with a guard band of 100kHz between NB M2M and GSM is less than 5% both for the downlink and the uplink.

· The UTRA victim system’s capacity loss due to NB M2M interference from adjacent channels without additional guard band between NB M2M and UTRA is less than 5% both for the downlink and the uplink.

· The E-UTRA victim system’s throughput loss due to NB M2M interference from adjacent channels without additional guard band between NB M2M and E-UTRA is less than 5% both for the downlink and the uplink.
Hence the assumed RF system characteristics for NB M2M are sufficient for NB M2M to be deployed in coexistence with legacy GSM/UTRA/E-UTRA systems, and it can be concluded that the performance objective for coexistence is achieved.
2.7 Implementation impact to base stations
2.7.1 Objective

In sub-clause 4.2.2 of the[2], it is stated that “Impacts to the GPRS/EDGE base station hardware should be minimized.” Also, in Annex A of the[2], the requirement is further clarified as follows:
“It is expected that the Cellular IoT technology is at least deployable on existing radio access sites based on:

· 3GPP GSM/EDGE multicarrier Base Stations.

· Multi Standard Radio Base Station, which may or may not support GSM/EDGE operation specifications.”
2.7.2 Summary of evaluations

Downlink PAPR of NB M2M system was analyzed in [4], and base station complexity was analyzed in [5].
The downlink PAPR when one out of a number of GSM carriers is re-farmed to NB M2M was found to have negligible impact on existing power amplifiers (PAs) for MCBTS. Also, since the PAPR tolerance of an MSR base station is expected to be not lower than that of MCBTS, no problem is foreseen for the support of NB M2M by existing MSR radio units.
The required computational complexity for NB M2M is very low compared with the complexity to support LTE, and the required memory is only a small proportion of that for LTE.

The required computational complexity and memory for NB M2M is less than those to support a single carrier in MCBTS.
2.8 Implementation impact to mobile stations
2.8.1 Objective

“Mobile stations for Cellular IoT need not be compatible with legacy GPRS networks.”
2.8.2 Summary of evaluations

It was envisaged in the study item description [1] that “Different solutions can be investigated, e.g. a non-legacy based design, and/or a backward compatible evolution of GSM/EDGE.”
NB M2M is a non-legacy based design, and the mobile station for NB M2M is not expected to be compatible with legacy GPRS networks.
3 Additional benefits of NB M2M

3.1 Minimum system bandwidth
It is envisaged in Annex A of the TR that “an initial release of a 'clean slate' Cellular IoT technology is deployable in small amounts of licensed spectrum which may be available by (re)using GSM carriers, small unused parts of licensed spectrum for UMTS and small parts of licensed spectrum for LTE.”
The NB M2M solution meets the study objectives, including system capacity, with a minimum system bandwidth for the network of only 200 kHz (plus guard bands, if needed), i.e. the spectrum used by one GSM carrier. This provides flexible deployment options to operators, and efficient utilisation of spectral resources.

3.2 MS transmit power
The NB M2M solution meets the study objectives, including 20 dB coverage extension, with an MS transmit power of 23 dBm (200 mW). This power level gives  the benefit of compatibility with a wider range of battery technologies that may be suitable for IoT devices due to the lower instantaneous current draw from the battery.
4 Conclusions
The NB M2M candidate solution has been shown to fulfil all performance and compatibility objectives of the CIoT SI. It is proposed to add the following in the Conclusions clause of the CIoT TR:
“The evaluations for NB M2M against the objectives of the study indicate that:
· The target MCL of 164 dB can be met by all relevant channels, which implies a coverage extension of 20 dB compared with legacy GPRS. Furthermore, all data channels comfortably achieve the required throughput of 160 bps at the top of the (equivalent of) SNDCP layer.
· The capacity of NB M2M is sufficient to support the target number of MSs per sector as specified in Annex E of the TR (with both BPL models, both BPL inter-site correlation coefficients, and with or without IP header compression). 
· The impact on system capacity due to software update/reconfiguration is very small (i.e. about 0.05% for the downlink capacity and less than 0.01% for the uplink capacity).
· The overall die area for the core functions of the MS transceiver, including the cellular protocol stack, has been estimated assuming a 65nm CMOS process. The die area is estimated to be about half that of the equivalent core functionality for a legacy GPRS device, after scaling to the same process geometry.
· A 10 year battery life is achievable with a reporting interval of one day for all coupling losses (i.e. up to 164 dB) with both 50 bytes and 200 bytes application payloads. A 10 year battery life is also achievable with a two hour reporting interval for a coupling loss of 144 dB with both 50 bytes and 200 bytes application payloads, and for a coupling loss of 154 dB with a 50 byte application payload. 

· The 10 second latency target for exception reporting can be achieved even with a coverage extension of 20 dB, for 90% and 99% confidence in successful delivery of the report.
· The assumed RF system characteristics for NB M2M are sufficient for NB M2M to be deployed in coexistence with legacy GSM/UTRA/E-UTRA systems.

· The MCBTS and MSR radio units can be fully reused considering the small PAPR increase when re-farming one of the 200 kHz carriers to NB M2M. The required computational complexity for NB M2M is trivial comparing with the support for LTE, and the required memory is only a small portion of that for LTE. The required computational complexity and memory for NB M2M is less than those to support a single carrier in MCBTS.

Furthermore, the objectives of the study are fulfilled with a system design that has the following attributes which are considered to be important for IoT devices and networks:
· NB M2M meets the study objectives, including system capacity, with a minimum system bandwidth for the network of only 200 kHz (plus guard bands, if needed), i.e. the spectrum used by one GSM carrier. This provides flexible deployment options to operators, and efficient utilisation of spectral resources.
· NB M2M meets the study objectives, including 20 dB coverage extension, with an MS transmit power of 23 dBm (200 mW). This power level gives the benefit of compatibility with a wider range of battery technologies that may be suitable for IoT devices due to the lower peak current drawn from the battery.”
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