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1 Introduction

At RAN#75, a new work item for further NB-IoT enhancements has been approved [1]. Two of the objectives in this work item are about NPRACH reliability and range enhancements. 
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 provide our views on NPRACH to support cell radius of at least 100 km. 
2 Motivation to support larger cell radius for NPRACH
In Rel-13, there are two NRPACH preamble formats as shown in Table 1. Based on current design, supported cell radius can be up to 10 km and 40 km.
Table 1 NB-IoT random access preamble formats
	Preamble format
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	Maximum cell radius(km)

	0
	66.7
	5*266.67
	10

	1
	266.67
	5*266.67
	40


However, for applications in wide open areas, such as smart agriculture e.g. livestock monitoring, and smart lakes e.g. pollution and aquatic life monitoring, it is found that the needed cell radius can be much larger. Considering in-band operation, NB-IoT may use existing cell sites. In LTE, the supported cell radius can be up to 100 km. So it is necessary to extend the maximum cell radius supported by NB-IoT to 100km.
3 Design considerations
The CP length is mainly determined by the supported cell size of NB-IoT. As shown in Table 1, current CP length can only support maximum cell radius up to 40 km. In order to support maximum cell radius of at least 100 km, a longer CP should be considered in the NPRACH design. The CP length needs to be at least 666.67 μs.
Proposal 1: Longer CP is used for NPRACH to support cell radius of at least 100 km.
Based on current NPRACH design in Rel-13, as explained in [2], the ToA estimation is accomplished via differential operations between two received signals on adjacent symbol groups. The result of a differential operation can be expressed by 
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Where H is the channel frequency response which is assumed the same on the adjacent symbol groups, Δfhop is the frequency hopping gap between the adjacent symbol groups, and τRTT is the round trip time for a given UE. So the ToA estimation can be derived from the round trip time, which can be estimated as 
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As shown in formula (2), the estimation of τRTT is determined by the frequency hopping gap Δfhop.
Assume that there are two different round trip delays, τRTT1 and τRTT2. They satisfy τRTT2 -τRTT1 = 1/Δfhop. As shown in formula (3) and (4), the phases of the two kinds of round trip delay are the same. Due to this phase ambiguity, the ToA estimation of them will be the same, but actually they are different.
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In current design in Rel-13, there are two kinds of frequency hopping gap in one preamble without repetition, 3.75 kHz and 22.5 kHz. The smaller frequency hopping gap is equal to the subcarrier bandwidth. So 1/Δfhop is equal to one symbol’s length. 
If we keep the subcarrier bandwidth and user a longer CP larger than 666.67μs, the CP length is equal to more than two symbols’ length. As shown in formula (3) and (4), for two kinds of RTT whose difference is one symbol’s length, there exists phase ambiguity. The eNB cannot differentiate them correctly. In other words, the eNB cannot differentiate the signals sent from 40 km away and from 80 km away. Additionally, the preamble sequence in current design is all “1”. The autocorrelation property is not suitable to eliminate the problem of phase ambiguity. For example, if the energy based detection is considered via sliding correlation, the energy difference is only 10*log10(5/4) = 0.96 dB. It is prone to be impacted by the interference.
Observation 1: Based on the current NPRACH design in Rel-13 introducing longer CP length without any other change is not enough to support a cell radius of 100 km, as there will still be phase ambiguity and result in incorrect ToA estimation.

In order to eliminate phase ambiguity, at least the following two ways can be considered:
1. Keep the current minimum frequency hopping gap, i.e. one subcarrier bandwidth, and have a new preamble sequence which can differentiate the phase ambiguity.

2. Reduce the current minimum frequency hopping gap, i.e. subcarrier bandwidth and ensure the CP length is less than one symbol’s length. The subcarrier bandwidth should be <= 1/666.67μs = 1.5 kHz.
The maximum value of timing advance that can be set is 1282Ts, which might appear to cover 100 km radius. However, this is only relevant once the UE is able to send a reliable signal over such a distance, so the physical transmission needs to be enhanced to make use of the higher layer signalling that exists.
4 Conclusions
In this contribution we provide our views on enhancing NPRACH to support cell radius of at least 100 km. The following proposals and observations are made.
Proposal 1: Longer CP is used for NPRACH to support cell radius of at least 100 km.
Observation 1: Based on the current NPRACH design in Rel-13 introducing longer CP length without any other change is not enough to support a cell radius of 100 km, as there will still be phase ambiguity and result in incorrect ToA estimation.
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