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NB M2M - Design of FEC and Rate Matching
1 Introduction
At GERAN#62 a study item named “Cellular IoT” was created, aiming to evaluate how to support low throughput and low complexity machine type communications [1]. NB M2M has been proposed as one of the candidate solutions [2]. This document explains the design of FEC and rate matching for NB M2M and the motivations for such a design.

2 Uplink
In the uplink, it is proposed to reuse the Turbo coding and rate matching procedure in LTE, i.e.
· The Turbo encoder, Trellis termination and Turbo code internal interleaver as described in sub-clause 5.1.3.2 of [3], except that only a portion of code block sizes (i.e. number of input bits to the Turbo code internal interleaver, “K”) are chosen for NB M2M. Discussions on suitable code block sizes for NB M2M are provided in [4].
· The rate matching procedure as described in sub-clause 5.1.4.1 of [3].

As shown in [5], Turbo coding offers better performance than convolutional coding for most of the suitable code block sizes in M2M data transmission. Although the decoding complexity of turbo coding is higher than that of convolutional coding, the decoding for the uplink is performed at the base station and the complexity is considered acceptable.
3 Downlink
Tail biting Convolutional coding is utilised on the downlink for FEC because this provides good coding gain with modest UE receiver complexity, whilst being applicable to the relatively short bursts that are common in a low throughput IoT system. Two coding rates are proposed: rate ½ (using octal polynomials 133 and 171 with tail biting termination) and rate ¾, where the rate ¾ code is constructed by puncturing the rate ½ code. This is similar to the design principle for IEEE 802.11 a/g.
The rate ½ encoder structure is illustrated in Figure 1 below, where bit v1(k) is output before bit v2(k). The encoder state is initialised by the last 6 bits of the input sequence u(k) to form a tail biting code.
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Figure 1.  Rate ½ convolutional encoder structure
The output sequence of the rate ½ Convolutional encoder is of the form v1(k), v2(k), v1(k+1), v2(k+1), v1(k+2), v2(k+2), etc. The output sequence of the rate ¾ code is obtained by puncturing the rate ½ encoder output such that the output sequence is of the form v1(k), v2(k), v1(k+1), v2(k+2), v1(k+3), v2(k+3), etc, as illustrated in Figure 2 where the framed bits are punctured. The purpose of choosing a simple puncturing scheme is to reduce the processing complexity at the UE receiver.
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Figure 2.  Puncturing for rate 3/4 convolutional code

The output bit stream after Convolutional encoding (and puncturing in the case of rate ¾ code) is then interleaved according to a simple bit-reversal sub-block interleaver which is reused from LTE according to the first bit stream (i.e. 
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) in sub-clause 5.1.4.1.1 of [3]. This is to provide time diversity and to improve performance in the case of correlated bit errors.
4 Conclusions

In this paper, the design of FEC, interleaving and rate matching for NB M2M is discussed for both uplink and downlink. Two basic design principles are applied:

· Reuse of the latest coding techniques (i.e. those specified for LTE) as far as possible.

· Reduction of the UE processing complexity.

In the uplink, the Turbo encoder specified for LTE is reused except that only a portion of code block sizes are supported, in accordance with the MCS design.

In the downlink, Convolutional coding is chosen, along with a simple puncturing scheme, in order to reduce UE complexity. The sub-block interleaver specified for LTE is reused.
A companion text proposal can be found in [6].
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