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Introduction
In Release 15 NB-IoT contains an objective to improve NB-IoT false detection rate due to inter-cell interference [1]. In [2] an analysis show that NB-IoT possesses several tools to minimize the likelihood for NPRACH false alarm, with one particular exception. In case of time aligned cells with overlapping coverage areas the likelihood for false alarm in NPRACH CE level 0 may be non-negligible. The reason for this is a reduced level of randomization in the frequency hopping pattern defining the NPRACH transmission when two repetitions is configured in CE level 0.
From Release 14 and onwards NB-IoT supports system access on non-anchor carriers. In this contribution we propose an improved randomization of the frequency hopping used between NPRACH repetitions on non-anchor carriers. By introducing this improvement already in Release 14 the risk for false detection is expected to be diminished.
NB-IoT Release 13 NPRACH 
Existing design
For NB-IoT a random access preamble corresponds to a random access symbol group that is constructed of 5 identical symbols and a cyclic prefix as illustrated in Figure 1. Two CP lengths are supported, i.e. 66 us (Format 0) and 266 us (Format 1). 

 
Figure 1 Random access symbol group.
For a single NPRACH transmission the symbol group of Figure 1 is hopping four times across at most seven sub-carriers as shown in figure 2. The NPRACH preamble transmission is uniquely defined by the first sub-carrier in the hopping pattern, i.e. the starting sub-carrier. In total 48 orthogonal preambles can be defined, one for each available starting sub-carrier.



Figure 2 Random access frequency hopping symbol group..

To support higher levels of coverage a CE level may be associated with up to 128 repetitions of the frequency hopping symbol group. A pseudo random frequency hop FH = f(t) - f(t-1) is specified to be used between repeated frequency hopping symbol groups as illustrated in Figure 3. 


Figure 3 Random access frequency hopping symbol group repeated once.
More specifically f(t) is defined as (see 3GPP TS 36.211 clause 10.1.6.2):

 (Eq. 1)


The Gold sequence c(n) is determined by a pseudo random generator initialized by , i.e. the physical cell id (see 3GPP TS 36.211 clause 10.1.6.1). The hop is bounded so that the NPRACH transmission never spans more than = 12 subcarriers. For two repetitions as shown in Figure 3 a single hop is defined. For NREP repetitions NREP-1 frequency hops are used.
As already mentioned, the supported coverage is increasing with the number of NPRACH repetitions. Figure 4 shows an expected NPRACH configuration for a highly loaded network supporting up to 164 dB coupling loss. CE level 0 configured with two NPRACH repetitions support a coupling loss of 144 dB and is the NPRACH resource expected to handle highest load.


Figure 4 Illustration of a typical NPRACH configuration in a highly loaded network with three resources for Coverage Enhancements level 0 (CE0), 1 (CE1) and 2 (CE2).
Likelihood of false alarm
The frequency hopping sequence is constant across reoccurring instances of a certain CE level. Looking at Figure 4, in each of the depicted CE level 0 resources UEs will use the exact same frequency hop between the two NPRACH repetitions. In case two cells A and B are time-aligned and are exposing each other to high interference levels then UEs in cell A may trigger false alarms in the base station in cell B. In the same manner UEs in cell B may expose base station A to increased likelihood of false alarms. 
Furthermore, if cells A and B end up with the same frequency hop in CE level 0, i.e:

	(Eq. 2)
then the likelihood of false alarm increases. The probability of any two cells using the same frequency hop for the important case of two NPRACH repetitions equals ~1/12, as shown in [2]. 
Proposed NB-IoT Release 14 NPRACH design

To improve the performance in the specific case described in section 2.2 and mitigate the risk of false alarm for Release 14 random access on non-anchor carriers it is proposed to reinitialize the pseudo random generator for every reoccurring NPRACH resource, based on a cinit that is made dependent on a non-linear combination of the cell id  and the radio frame number nf fulfilling:

		(Eq. 3)


Where identifies the NPRACH period and  the start time. This approach generates a new frequency hopping sequence for each reoccurring NPRACH resource.
Proposal 1: For random access on non-anchor carriers reinitialize and run the pseudo random frequency generator, based on a non-linear combination of the cell id, the starting frame and hyper frame numbers, before the start of each NPRACH resource.
A first concrete proposal on how to define the seed cinit is: 

	(Eq. 4)
Figure 5 presents the correlation between any two frequency hopping sequences generated for 50 cells across up to 16 hyper-frames (~165 s) for NPRACH repetitions and NPRACH periodicities of 40, 80 and 320 ms. 
[image: ]
Figure 5 Correlation between NPRACH frequency hopping sequences across 50 cells.
The figure shows that on average the correlation is  ~1/12, which implies that the likelihood of any two cells using the same frequency hop between two NPRACH repetitions is ~8%. The maximum likelihood of this event is 20%. 
Also in the current Release 13 NPRACH design, the average likelihood of two cells using the same hopping pattern is ~1/12. But the difference is that if, with the current Release 13 design, two cells use the same frequency hopping pattern they will always do so for all reoccurring NPRACH resources. This is not the case for the herein made proposal, which introduces a randomization over time which is expected to make the NPRACH performance more robust against false alarms due to inter-cell interference.
Proposal 2: For random access on non-anchor carriers specify cinit in accordance with Equations 3 and 4.
Conclusions
In this paper we have presented a simple but yet powerful method for reducing the risk of NPRACH false alarm on Rel-14 non-anchor carriers. Two proposals are made:
Proposal 1: For random access on non-anchor carriers reinitialize and run the pseudo random frequency generator, based on a non-linear combination of the cell id, the frame and hyper frame numbers, before the start of each NPRACH resource.
Proposal 2: For random access on non-anchor carriers specify cinit in accordance with Equations 3 and 4:

		(Eq. 3)

	(Eq. 4)
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Psedo random FH = f(t)-f(t-1)
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