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1 Introduction

In RAN#75, a new WID on further NB-IoT enhancements was approved, including the following objective [1]:
NPRACH reliability and range enhancements

· If found necessary, reduce false alarm probability for NPRACH detection due to inter-cell interference on NPRACH [RAN1, RAN2, RAN4]
In this contribution, we initiate to study the false alarm probability for NPRACH detection due to inter-cell interference.
2 Analysis on the NPRACH false alarm problem
There are two kind of possible NPRACH detection false-alarm cases due to inter-cell interference in NB-IoT.

· Case 1: False alarm due to neighbor cells NPUSCH transmission

· Case 2: False alarm due to neighbor cells NPRACH transmission

For case 1, since there is big difference between NPRACH signal and NPUSCH signal it should not be NPRACH false alarm detection issue due to inter-cell NPUSCH interference.

For case 2, unique “all-1” NPRACH preamble is designed as single-tone transmission plus frequency hopping, and pseudo-random frequency hopping is done between adjacent repetitions. The pseudo-random frequency hopping pattern depends on the cell ID, so two NPRACH preambles from two cells are identified by different frequency hopping pattern. However, different cell ID’s hopping pattern can partially overlap which means the energy-based decision NPRACH detector could get a wrong decision due to neighbor cell’s interference. Thus, even though different cells will not collide for the whole duration of a transmission with repetition, there are still times when false alarms are able to occur.
In general, energy-based decision is used to detect whether a preamble received or not. An SNR is estimated for the preamble and compared with a predefined threshold, where the threshold should be set carefully to make sure the performance requirements can be met. It can be assumed that the probability distribution of the estimated SNR approximately follows an F-distribution. If there is no preamble transmitted, the expectation of the estimated SNR will be equal to 1, otherwise the expectation will increase and be proportional to the repetition number N of the preamble.
Assuming the NPRACH resources of two cells are fully overlapped, if a preamble from the neighbor cell arrives, it is possible that some repetitions of the preamble will be received. Let C denote the number of the repetitions received. Then, with the increase of C, the probability distribution of the estimated SNR will move from that in the case of the pure noise towards that of an N-repetitions preamble, as shown in Figure 1. If more preambles from neighbor cells arrive simultaneously, the value of C will proportionally increase. Therefore, it can be foreseen that the false alarm problem caused by the preamble transmitted from neighbor cells can become serious, as shown in the red shaded area in Figure 1.
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Figure 1. Illustration for the false alarm problem

In the worst case, if an NPRACH resource is fully loaded, the preamble transmissions of different cell ID on the NPRACH resource are same, energy-based decision would be useless. Furthermore, considering NB-IoT small cell is introduced in Rel-15, there would possibly quite different coupling losses between small cell and macro cell. In this case, a UE camped in a macro cell transmitting NPRACH may cause stronger interference to a neighboring small cell, and the energy-based NPRACH detection may suffer higher false alarm due to inter-cell interference.
For the purpose of focusing RAN1’s work, we note some cases where the false alarm probability should stay low. For example, in a lightly-loaded network the chance of coinciding NPRACH transmissions is low (although the effect of a collision still depends on the received SNR), and for intra-site neighbor cells time-separated resources can be strictly arranged (although the sustainability of this depends on how dense the network deployment is). Time-separated resources can also be arranged for inter-site cells which are synchronized, but synchronization is not a common assumption and in non-synchronized inter-site cells, non-overlapping NPRACH configurations cannot be preserved.
Observation 1: In cases where overlapping NPRACH resources can occur between cells, there could be an increased false alarm rate for NPRACH detection due to inter-cell interference.

Proposal 1: NPRACH false alarm reduction work should include at least the cases of non-synchronized inter-site cells.

3 Conclusions
In this contribution, we analyze the scenarios for possible false alarm of NPRACH detection. Based on the analysis, the observation is summarized as follow,
Observation 1: In cases where overlapping NPRACH resources can occur between cells, there could be an increased false alarm rate for NPRACH detection due to inter-cell interference.
Proposal 1: NPRACH false alarm reduction work should include at least the cases of non-synchronized inter-site cells.
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