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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#90, it was agreed that –

· For reduction of NPRACH false alarm probability, FFS between:

· Alt 1: 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

· Alt 2: A frequency shift of k*0.75 kHz is applied to all NPRACH signal in a Cell.

· FFS k=[-2, -1, 0, 1, 2] or [-2, -1 1 2].

· FFS if to apply a phase rotation of m*pi/2 with m=0,1,2,3 is applied to the 4th symbol group of each repetition.

· Signaling of the above frequency shift and phase rotation is FFS.

· Alt 3: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern

· Combinations of the above alternatives are not precluded
In this contribution, we consider NPRACH reliability enhancement.

2 NPRACH Reliability Enhancement
Two potential improvements have been identified for NPRACH – supporting cell size up to 100 km and minimizing degradation in false alarm from inter-cell interference. To improve reliability, three alternative solutions were discussed in RAN1#90.

· Alt 1: The key benefit with this alternative is that it can share the same NPRACH resources as Rel-13 NPRACH formats and therefore provides backward compatibility to legacy UEs. Introducing symbol or symbol-group 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.
· Alt 2: With this alternative, an FFT grid of 750 Hz would be required which would increase the complexity of the receive significantly. In addition, as discussed in [2]
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[3], inter-subcarrier interference is a potential issue that must be considered. Hence, although this alternative can reduce false alarm, it introduces significant receiver complexity and may cause additional interference. Furthermore, this alternative is not backward compatible which would require segregation of NPRACH resources among Rel-15 and legacy UEs.Therefore, this alternative is not preferred.
· Alt 3: One reason false alarm is an issue for the NPRACH is due to the pseudo-random time-invariant frequency hopping pattern that was specified. Introducing a new hopping pattern can help with this problem by reducing the collision probability of the NPRACH from neighboring cells. As discussed in [3], this method is most beneficial in high-load situation where there is significant overlap of the NPRACH. However, typically the eNB would target low intra-cell preamble collision rate (e.g. 1%-5%) which means that more NPRACH resources would be allocated in high load situation and therefore inter-cell collisions would naturally be reduced. Thus, introducing new hopping pattern may not provide much benefit in practice. On the other hand, this alternative is not backward compatible which would require segregation of NPRACH resources among Rel-15 and legacy UEs. Therefore, this alternative is not preferred.
Based on the above discussion, it is proposed to adopt alternative 1 as this alternative can improve NPRACH reliability while sharing the same NPRACH resources as Rel-13 NPRACH formats.

Proposal 1: Introduce NPRACH symbol or symbol-group level scrambling to enhance reliability.
3 Conclusions

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