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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 to confirm the following working assumption –

· Sharing the same NPRACH resources as Rel-13 NPRACH formats, with symbol or symbol-group level scrambling; maintaining feasibility of FFT processing and orthogonality of preambles on different tones.

· Down-select the following alternatives at RAN1#92bis:

· Symbol level scrambling

· Symbol group scrambling

In this contribution, we consider NPRACH reliability enhancement.

2 NPRACH Reliability Enhancement
To improve reliability, two alternative solutions were available for down selection – symbol or symbol group scrambling. The details of the two methods can be summarized below -
· Symbol level scrambling: Introducing symbol level scrambling is also straightforward from the specification as well as UE implementation point of view. At the eNB, receiver processing is also straightforward with symbol-group level scrambling. However, symbol level scrambling may introduce inter-subcarrier interference unless the processing is done for the entire symbol group simultaneously instead of per symbol [1], which would increase eNB receiver complexity considerably (4x increase in eNB receiver complexity for 5-symbol processing of the NPRACH). In addition, even if processing is extended to 5 symbols, orthogonality cannot be maintained if the channel changes within this period. Alternately, [2] proposes pair-wise scrambling which can provide good performance at reduced complexity. In this case, however, 3 symbols must be considered as CP to maintain orthogonality, leading to some performance loss.
· Symbol group scrambling: With this method, orthogonality can be maintained as scrambling is done per symbol group instead of on individual symbol. This method is simple to implement and performance results in [3] shows that false alarm performance can be achieved when the NPRACH overlapping is not large.
With respect to symbol versus symbol-group level scrambling, symbol level scrambling may introduce inter-subcarrier interference unless the processing is done for the entire symbol group simultaneously instead of per symbol, which would increase eNB receiver complexity. Therefore, it is preferred to introduce symbol-group level scrambling to enhance NPRACH reliability
Proposal 1: Use symbol-group level scrambling to enhance NPRACH reliability.

3 Conclusions

In this contribution, we consider ways to enhance NPRACH reliability and make the following proposal –
Proposal 1: Use symbol-group level scrambling to enhance NPRACH reliability.
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