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Proposed Text for the TR on FEC and Rate Matching for NB M2M
1 Introduction

This document proposes the detail design on FEC and rate matching for NB M2M. Discussions on the proposed changes can be found in [1].
2 Proposed text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
[details omitted]
7.1.2
Downlink physical layer design

[details omitted]
7.1.2.1.2
Transmission chain
7.1.2.1.2.1
General
The transmission chains for PBSCH, PBCH and PDSCH are shown in Figure 7.1.2-8, Figure 7.1.2-9 and Figure 7.1.2-10, respectively.
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Figure 7.1.2-8.  Transmission chain for PBSCH



[image: image4.emf]FEC and rate 

matching

Constellation 

mapping

Spreading

Broadcast 

information

scrambling

Pulse shaping

FEC and rate 

matching

FEC and rate 

matching

Broadcast 

information

scrambling

Broadcast 

information

scrambling

Constellation 

mapping

Burst mapping

Constellation 

mapping


Figure 7.1.2-9.  Transmission chain for PBCH
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Figure 7.1.2-10.  Transmission chain for PDSCH

7.1.2.1.2.2
FEC and rate matching
Convolutional coding with tail biting is utilised on the downlink for forward error correction (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 7.1.2-11, 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 7.1.2-11.  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 7.1.2-12 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 7.1.2-12.  Puncturing for rate 3/4 convolutional code
A block interleaver is applied after convolutional encoding to provide time diversity and to improve performance in the case of correlated bit errors. 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. 
[image: image9.wmf])
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) in sub-clause 5.1.4.1.1 of 3GPP TS 36.212. 
[details omitted]
7.1.2.2
 Physical layer procedure
7.1.2.2.1 
Cell search procedure

Cell search is the procedure by which a MTC device acquires time and frequency synchronization with a BS and detects the cell ID of that cell.  

The cell search is assumed to be based on two signals transmitted in the downlink, the “PSS” (Primary Synchronization Signal) and “SSS” (Secondary Synchronization Signal) which are included in the PBSCH (Physical Broadcast Synchronization Channel). The PSS and SSS are defined by time-domain sequences as described in subclause 7.1.2.1.2.4 and 7.1.2.1.2.5, respectively.
The cell search procedure consists of 4 operations: signal detection, symbol timing and carrier frequency synchronization acquisition, frame timing, and physical cell ID identification.

The basic cell search procedure is illustrated in Figure 7.1.2-13.
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Figure 7.1.2-13. Basic cell search procedure
	Second Change


7.1.3
Uplink physical layer design

[details omitted]
7.1.3.1.2
Transmission chain
7.1.3.1.2.1
General
The transmission chains for PUSCH using GMSK modulation and PSK modulation are shown in Figure 7.1.3-4 and Figure 7.1.3-5, respectively.
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Figure 7.1.3-4.  Transmission chain for PUSCH using GMSK modulation



[image: image14.emf]FEC and rate 

matching

Scrambling

Constellation 

mappling

Phase 

rotation

Pulse

shaping

Pilot 

insertion


Figure 7.1.3-5.  Transmission chain for PUSCH using PSK modulation
7.1.3.1.2.2
FEC and rate matching
Turbo coding is proposed for forward error correction in the uplink because it provides better coding gain than convolutional coding even for small code block sizes (though the benefit is reduced as the block size becomes small). Although the decoding complexity of turbo coding is higher than that of convolutional coding, the decoding is performed at the base station and the complexity is considered acceptable.
The Turbo encoder, Trellis termination and Turbo code internal interleaver as described in sub-clause 5.1.3.2 of 3GPP TS 36.212 are re-used, except that only a portion of code block sizes (i.e. number of input bits to the Turbo code internal interleaver, “K”) are chosen.
The rate matching procedure as described in sub-clause 5.1.4.1 of 3GPP TS 36.212 is also re-used.
	End of Changes


3 References
[1] GPC150021, “NB M2M - Design of FEC and Rate Matching”, Huawei Technologies Co., Ltd., HiSilicon Technologies Co., Ltd., Neul, 3GPP TSG GERAN1 Adhoc#1 on FS_IoT_LC.
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