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NB M2M - Impacts to MSR Base Stations
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 (see sub-clause 7.1 of the CIoT TR [2]).
It is envisaged in Annex A of [2] that “the Cellular IoT technology is at least deployable on existing radio access sites based on 3GPP Multi Standard Radio Base Station Specifications (with the re-use of existing antennas, feeder cables etc.) and can preferably be introduced as a software load on those existing radio access nodes.”
This document provides some analysis on the impacts of NB M2M to an MSR base station (assuming the support for LTE with 10 MHz system bandwidth).

2 Impacts of NB M2M to MSR base stations
2.1 Computational complexity

The downlink transmission chains of NB M2M can be found in sub-clause 7.1.2.1.2.1 of [2]. Most transmission processing is very similar to or simpler than legacy MSR base stations, e.g. support for 16QAM is part of LTE specifications and therefore can be fully reused.

The biggest challenge to the NB M2M transmitter is the narrow-band pulse shaping filter which was specifically designed for NB M2M and contributes most transmitter complexity.
In the case of 200 kHz system bandwidth, there are 12 downlink sub-carriers, each operating at a symbol rate of 12 kHz. In order to combine the signal for each sub-carrier, they are first separately pulse shaped with 4 times over-sampling rate, and then passed through an FIR filter with 5 times over-sampling rate. Assuming a 36-tap pulse shaping filter and a 8-tap FIR filter for each sub-carrier, for each 10 ms burst, the multiplications needed are estimated at 120*36*2 + 480*8*2 = 16320 and the additions needed are estimated at 120*2*4*8 + 480*5*2 = 12480. This results in a total of (16320 +12480)*12*(1000/10) = 34.6 million operations per second.
In comparison, in LTE an OFDM symbol generated by 1024-point IFFT requires 4*(1024/2)*log2(1024) = 20480 multiplications plus 3*1024*log2(1024) = 30720 additions, i.e. 51200 operations. This results in a total of 14*1000*51200 = 716.8 million operations per second.

In summary the computational complexity of NB M2M is estimated at only 4.8% of legacy MSR base station supporting LTE. (Note that the NB M2M filters assumed in this analysis are considered conservative by the sourcing companies.)
2.2 Memory requirements
The most challenging MCS in terms of memory requirements is MCS-8 (MCS-9 requires less memory due to puncturing and different CBS design). For each sub-carrier, with a maximum CBS of 6144 bits and rate 1/2 convolutional coding, the length of coded bits is 12.29 kilo bits. This results in a total of 122.9 kilo bits for 10 data channels.

For LTE with 10 MHz system bandwidth, assuming 4-layer spatial multiplexing and highest TBS of 26, the uncoded bits have a length of 2*75376=150.752 kilo bits, which are translated into 454.3 kilo bits after TB CRC, CB segmentation, CB CRC and rate 1/3 Turbo coding. Hence the required memory for NB M2M is only a small portion of that for LTE.

2.3 Impacts to the radio units
As indicated in [2], the downlink PAPR when one out of four GSM carriers is re-farmed to NB M2M is about 9 dB, which is only an increase of less than 1 dB comparing to MCBTS. This PAPR is also very similar to that of an MSR base station supporting LTE. Hence no problem is foreseen for the support of NB M2M in existing MSR radio units.

3 Conclusions
In this document, the impacts of NB M2M to MSR base stations are analyzed. It can be seen that 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 MSR radio units can be fully reused considering the small PAPR increase when re-farming one of the 200 kHz carriers to NB M2M.
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