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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 –

· To support of cell range of at least 100 km, FFS between:
· Cat 1: Rel-13 NPRACH

· Cat 2: 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

· CP length FFS between same as or longer than Rel-13 formats
· Cat 3: New NPRACH numerology with CP length FFS between same as or longer than Rel-13 formats

Option A: 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz

Option B: 3.75 kHz subcarrier spacing with minimum hop distance 1.25 kHz

Option C: 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern

· Combinations of Category 2 and Category 3 solutions are not precluded

In addition, performance degradation (i.e. false alarm) from inter-cell interference may also be an issue. 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 cell range enhancement together with false alarm reduction.

2 NPRACH 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. As can be seen from RAN1#89, there are several potential solutions to address each solution. To extend the cell range to 100 km, the following options are possible –
1. Reuse existing Rel-13 NPRACH format and extend the CP to include also the first two OFDM symbols.

2. Reuse existing Rel-13 NPRACH format with extended CP and symbol or symbol-group level scrambling.
3. Define new NPRACH format with subcarrier bandwidth <= 1.5 kHz and CP length >= 666.67 us.

The first option requires extending the CP length to longer than 666.67 us by using 3 OFDM symbols for CP instead of 1. This option allows cell size of 100 km to be supported without any change to the specification as it could be done via implementation. However, there is a phase ambiguity with this option where up to 3 possible timing hypotheses are possible. The eNB would be required to select one, typically the one with the largest energy correlation. However, as discussed in [1], the peaks are similar in energy and selection based on energy detection would be prone to error from noise or interference.
The second option uses similar approach as the first option but introduces a scrambling sequence to minimize the phase ambiguity. This is an attractive option as it minimizes changes to specification while maintaining good performance. As explained in [2], a scrambling sequence with good autocorrelation properties will not give large correlation peaks with shifted version of itself. This would make it easier at the eNB to distinguish among the 3 possible timing hypotheses. However, performance would not be as good as with introducing a new NPRACH format.
In addition, another advantage of the second option is that this solution can also be used to solve the issue of inter-cell interference. As noted in [6], inter-cell interference can cause significant increase in the false alarm due to the use a sequence of all ones. One approach to solve this problem is to ensure NPRACH configurations are different (i.e. non over-lapping) among cells. However, this may not always be possible due to the limited amount of NPRACH resources. In addition, if the cells are not synchronized, it may not be possible to always avoid overlapping of NPRACH resources.
The third option requires defining a new NPRACH format with several sub-options. In one case, subcarrier bandwidth of 1.25 kHz is needed. In another, the 3.75 kHz subcarrier spacing is maintained by either a new hopping pattern or 1.25 kHz hopping is needed. In some cases, this may result higher overhead. In addition to coexistence issue, introducing a new NPRACH would require substantially new implementation and test efforts for both the UE and eNB.
Given the options, it’s clear that some solutions can address one problem but not the other. For example, it may be possible to reuse Rel-13 NPRACH to support 100km cell size, but there would be no reliability enhancement with this option. It is preferred that a single solution is selected to provide both cell range and reliability enhancements. Otherwise, there would be large standardization and testing/implementation efforts. Thus, it is proposed that a single solution is selected to provide both cell range and reliability enhancements.
Proposal 1: A single solution is selected to provide both cell range and reliability enhancements. 
Based on the discussion and offered solutions, it is seen that the following options are suitable to address both issues –

· 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
· 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz with new hopping pattern
From a specification/implementation impact perspective, it would be better to introduce symbol or symbol-group level scrambling while maintaining feasibility of FFT processing and orthogonality of preambles on different tones. However, it is noted that performance might suffer under this option. Keeping 3.75 kHz subcarrier spacing with minimum hop distance 3.75 kHz but new hopping pattern would likely provide better performance. There is, however, greater specification/implementation impact and would not be backward compatible with Rel-13 NPRACH design. Therefore, it is proposed to introduce symbol or symbol-group level scrambling.

Proposal 2: Introduce NPRACH symbol or symbol-group level scrambling to enhance cell range and reliability. 
3 Conclusions

In this contribution, we consider ways to support 100 km cell size and improve NPRACH reliability. We make the following proposals –
Proposal 1: A single solution is selected to provide both cell range and reliability enhancements. 
Proposal 2: Introduce NPRACH symbol or symbol-group level scrambling to enhance cell range and reliability. 
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