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Discussion and Decision
1 Introduction

An objective of Rel-15 NB-IoT WID is to enhance the NPRACH to support cell range of 100 km and to ensure the NPRACH is more robust to inter-cell interference. In RAN1#92, it was agreed that –

· For NPRACH range enhancements, 
· New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.

· Only 800 us CP length is supported
In this contribution, we consider NPRACH cell range enhancement.

2 NPRACH Cell Range Enhancement
In RAN1#92, it was agreed to support new NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz for cell range enhancement. This new NPRACH numerology will have 800 us CP length. With respect to the new NPRACH design, the following details are proposed –

· Number of symbols in a group (not including the CP) should be an even number. With 2 symbols, the CP overhead will be 33% with 4 symbols, the CP overhead will be 20%. However, for better timing estimation, at least 3 hopping distances would be needed. Therefore, a larger number of symbol groups would be needed in a repetition. Thus, if the symbol group comprises of CP + 4 symbols, then the duration of 1 repetition can be quite long (e.g. 32ms with 8 symbol groups per repetition). Therefore, it seems reasonable to use symbol group of CP + 2 symbols.
· For the number of symbol groups per repetition, more than 4 groups will be needed to help with timing estimation since there should be more than the current 2 hopping distances. It is therefore proposed to have 8 symbol groups per repetition.
· To reliably resolve ambiguities there should be more than the current 2 hopping distances within a repetition. A reasonable choice could be 1x1,25 kHz, 6x1.25 kHz, and 18x1.25 kHz.
Proposal 1: For NPRACH 1.25 kHz design, the followings are proposed –

· Symbol group of CP + 2 symbols

· 8 symbol groups per repetition

· Symbol-group level hopping with the following step sizes – 1.25 kHz, 6x1.25 kHz, 18x1.25 kHz
3 Conclusions

In this contribution, we consider ways to support cell range enhancement and make the following proposal –
Proposal 1: For NPRACH 1.25 kHz design, the followings are proposed –

· Symbol group of CP + 2 symbols

· 8 symbol groups per repetition

· Symbol-group level hopping with the following step sizes – 1.25 kHz, 6x1.25 kHz, 18x1.25 kHz
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