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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#92bis, it was agreed that –

· Configurable NPRACH bandwidth is integer multiple of 45 kHz.

· For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.

· For one NPRACH symbol group for subcarrier spacing of 1.25 kHz, one NPRACH symbol group consists of CP+3 Symbols

· FFS the number of symbol groups per NPRACH preamble repetition.

· For frequency hopping within one NPRACH preamble, down-select the following alternatives at RAN1#93 meeting

· Alt 1: 2-level -/+ 1.25 kHz -/+ 22.5 kHz

· Alt. 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz

· Specification supports that the new NPRACH format resources can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.
In this contribution, we consider remaining details of NPRACH cell range enhancement.

2 NPRACH Cell Range Enhancement
In RAN1#92bis, it was agreed that one NPRACH symbol group consists of CP+3 symbols. However, the number of symbol groups per NPRACH repetition and the number of frequency hopping steps remain to be decided. The discussion points may be summarized as follow –

· Frequency hopping within one NPRACH preamble: Two alternatives are under consideration – 2-level (-/+ 1.25 kHz -/+ 22.5 kHz) and 3-level (-/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz). In both cases, 1.25 kHz hopping step size is used for the 100km cell size. The main difference is that 3-level hopping uses also the legacy hopping distance of 3.75 kHz and 22.5 kHz while the 2-level hopping uses only 22.5 kHz hopping step size. Generally, performance would be better with 3-level hopping. However, 3-level hopping requires more symbol groups per repetition. With 2-level hopping, 5 symbol groups can be defined. This takes up 16ms which fits nicely into 16 uplink subframes. With 3-level hopping, 6 symbol groups can be defined. However, this takes up 19.2ms so there is some resource waste.
One key issue with 2-level hopping is timing estimation inaccuracy due to the large hopping distance. This might be alleviated through using more advanced receiver which will add to the complexity at the eNB. While 3-level may have some resource waste due to the length, very large cell is typically used for coverage and not capacity reason. Therefore, NPRACH detection performance is more important than capacity. Hence, it is proposed to select 3-level hopping.

· Number of symbol groups: With the proposal to use 3-level hopping, two choices are possible for the number of symbol groups – 6 or 7. With 7 symbol groups, pair-wise hopping can be used. Pair-wise hopping can help to cancel out residual CFO. However, this requires longer NPRACH length which will result in some efficiency loss. Therefore, it is proposed to use 6 symbol groups per repetition.
Proposal 1: For NPRACH design, the followings are proposed –

· 3-level frequency hopping: -/+ 1.25 kHz -/+ 3.75 kHz -/+22.5 kHz
· 6 symbol groups per repetition
For NPRACH RRC configuration, it has been agreed the new NPRACH format resources can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14. This means that we need a separate resource configuration for the new NPRACH format. However, we can reuse the same RRC parameters with some appropriate adjustment to the values (e.g. to CP length, subcarrier offset, number of subcarriers, etc.). 
3 Conclusions

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

· 3-level frequency hopping: -/+ 1.25 kHz -/+ 3.75 kHz -/+22.5 kHz
· 6 symbol groups per repetition
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