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Introduction
In RAN #75 meeting, FeNB-IoT was approved as a work item. The objective is to achieve further latency and power consumption reduction, to achieve narrow band measurement accuracy improvements, to achieve NPRACH reliability and coverage enhancements, to reduce system acquisition time, and to specify additional features including small cell. The objectives apply to the in-band, guard-band, and standalone operation modes [1].
According to [1], objective of NPRACH reliability and coverage enhancements in FeNB-IoT is described as follows:
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]
· If found necessary, introduce at least additional cyclic prefixes for NPRACH to support cell radius of at least 100 km [RAN1, RAN2, RAN4]
In this contribution, we discuss the motivation of NPRACH enhancement, especially on the NPRACH format enhancement to reduce false alarm probability. Also, we discuss some consideration points if NPRACH enhancement is necessary for FeNB-IoT.

Motivation for NPRACH format enhancement
According to [2], there may be a case of high collision rate of NPRACH preamble when the single kind of preamble is used. In the similar respect, [3] claims there can be problems that eNB may obtain the false detections for NPRACH preamble because of interference from neighboring cells.
On the other hand, the false detection problem may be mitigated by network configuration. According to [4], current NPRACH resources occupy less than 10% of the UL resources per carrier. Thus, NPRACH resources between neighbor cells may be configured appropriately to avoid collision of NPRACH transmission instances between neighbor cells. However, inter-cell collision avoidance by NPRACH resource configuration can be limited depending on the factors such as network load, cell coverage, amount of DL traffic, etc. Therefore, the necessity of NPRACH format enhancement should be assessed carefully.

Proposal 1: Necessity of NPRACH enhancement for false alarm reduction should be carefully assessed further.

Potential NPRACH preamble enhancement
If NPRACH enhancement is necessary to reduce false alarm probability, scrambling sequence other than existing all ‘1’s can be considered for NPRACH preamble in Rel-15 FeNB-IoT. Following options can be considered for preamble scrambling sequence design:
· Option 1: The symbols in a group are different, but the whole symbols group is repeated across groups.
· Option 2: The symbols can be different both within a group and across groups.
· Option 3: The symbols in a group are the same, but they are different across the symbol groups.
· Option 4: Two or more combinations of the above.
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Figure 1. An example of above options for NPRACH preamble.

Figure 1 shows an example of above options for NPRACH preamble. In case of single tone NPRACH preamble, the phase continuity has an influence on performance in terms of PAPR. As shown in figure 1, the phase continuity of NPRACH preamble between the symbols in a group cannot be maintained with option 1 and option 2. As a result, the coverage of NPRACH preamble with option 3 will be better than that with option 1 or option 2. Moreover, phase discontinuity between symbols in a group may cause inter-tone interference when the NPRACH receptions from different UEs are not synchronized.

Proposal 2: If NPRACH scrambling sequence should be enhanced, impact of the phase discontinuity of a NPRACH sequence should be considered.

Furthermore, if NPRACH preamble is enhanced, it should be further discussed how to allocate both legacy preamble and enhanced preamble in a specific cell since legacy preamble should be still supported in a cell to support backward compatibility. For example, it could be considered that UL resources for legacy preamble and enhanced preamble in a cell can be configured independently. Also, it should be considered how to allocate the enhanced preambles within a cell and across multiple cells. 

Proposal 3: If NPRACH scrambling sequence should be enhanced, several issues, such as NPRACH configuration and NPRACH preamble allocation, should be further discussed.

Conclusion
In this contribution we presented our view on NPRACH enhancement for FeNB-IoT. We make the following proposals:

Proposal 1: Necessity of NPRACH enhancement for false alarm reduction should be carefully assessed further.
Proposal 2: If NPRACH scrambling sequence should be enhanced, impact of the phase discontinuity of a NPRACH sequence should be considered.
Proposal 3: If NPRACH scrambling sequence should be enhanced, several issues, such as NPRACH configuration and NPRACH preamble allocation, should be further discussed.
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