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Introduction
In RAN #75 meeting, FeNB-IoT was approved as a work item [1]. 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.
According to [1], the 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 RAN1 #88bis meeting, the following working assumption was made [2]:
· Working assumption for evaluation until RAN1#89:
· At least the following 2 options are considered for a new NPRACH format 
· Option 1: Rel-13 NPRACH definition with CP length >= 666.67us is introduced. 
· Subcarrier bandwidth <= 1.5 kHz
· Option 2: Rel-13 based NPRACH scrambled by a sequence with good autocorrelation properties.

In RAN1 #89 meeting, following agreements on the NPRACH enhancement were made [3]:
Agreements at RAN1 #89 meeting:
· 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

Agreements at RAN1 #89 meeting:
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 discuss resource configuration for NPRACH enhancement for NB-IoT. Preamble structure and guard time issues are discussed in our companion paper [4]. This is a re-submission of R1-1717286.
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NPRACH resource configuration 
Basically, to cover 100 km cell radius, preamble CP length over 666.7 us is needed for inter-symbol interference free preamble detection. And for timing estimation without ambiguity, there are two alternatives to meet the minimum frequency hopping distance of 1.25 kHz. 
a) 1.25 kHz preamble subcarrier spacing and integer frequency hopping
b) 3.75 kHz preamble subcarrier spacing and fractional frequency hopping
For this discussion, we define the enhanced preamble as the preamble for NPRACH enhancement and the legacy preamble as the preamble for the legacy NB-IoT. For systems in which legacy and enhanced preamble coexist, NPRACH resource sharing between legacy preamble and enhanced preamble are beneficial. And for efficient multiplexing of enhanced and legacy preambles, it would be beneficial if the length of the preamble is the same as that of the legacy preamble. Aligning both the starting and ending points of the enhanced preamble and the legacy preamble is called preamble boundary alignment. Preamble boundary alignment can be done by changing either the number symbol groups in a preamble or the number of symbols in a symbol group or both. In addition to the preamble boundary alignment, we can consider symbol group boundary alignment by changing the number of symbols in a symbol group. Because in legacy preamble, the symbol group is the basic unit for frequency hopping, aligning symbol boundaries may bring additional benefits but we think the benefits are not clear yet.  
In addition to aligning in the time domain, we can consider FDM of enhanced preamble and legacy preamble within the NPRACH. The best way would be FDM of NPRACH for enhanced preamble into the legacy NPRACH region. In that case, legacy UE can avoid collision with the enhanced preamble as the legacy is already supposed to avoid NPRACH region. We need to further study on the feasibility and the signalling mechanism of the FDM.

Proposal 1: Share the same NPRACH resource configuration mechanism so that legacy NB-IoT UEs can avoid the configured NPRACH resources for the enhanced preamble.

Proposal 2: Align at least the preamble boundaries between the legacy preamble and the enhanced preamble:
· FFS possibility of symbol group alignment

Proposal 3: Provide the same or similar amount of total useful symbol duration as legacy NB-IoT preamble for the same or similar detection and timing estimation performance.

NPRACH resource allocation and frequency hopping
In this section, we discuss the NPRACH resource allocation and frequency hopping. For resource allocation and frequency hopping, the change of minimum frequency hopping distance needs to be taken into account. We introduce basic allocation, boundary allocation and the inter-preamble frequency hopping. The approaches introduced here can be applied to either of the two alternatives discussed in the previous section to provide minimum frequency hopping distance of 1.25 kHz. 

Approach 1: Basic allocation
One example of NPRACH resource allocation for the enhanced preamble is shown in Figure 1. The pattern shows that the frequency separation of each resource is 3.75 kHz which is the same as legacy NPRACH, and the minimum frequency hopping distance of 1.25 kHz is provided by the adjacent symbol, more specifically between the first and second symbol groups. 
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[bookmark: _Ref490289755]Figure 1 Approach 1: Basic mapping
The approach 1 can be implemented by the following equation: (for notations, refer to TS 36.211 spec)



Approach 2: Boundary allocation
Approach 2, so called boundary mapping, minimizes the interference between enhanced preambles and enhanced preambles by allocating subcarriers of the enhance preamble at the boundaries of 3.75 kHz subcarriers. Figure 2 shows the boundary mapping. Compared to approach (a), (b) shows that the complication arising from the unique frequency hopping pattern of edge resources can be avoided by not assigning the edge resources for enhanced preambles. 
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[bookmark: _Ref490292014]Figure 2 Approach 2: Boundary mapping 

Figure 3 shows an implementation of the boundary mapping using 1.25 kHz subcarrier spacing. By allocating only those boundary subcarriers to enhanced UEs, we can expect the same benefit of boundary allocation. 
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[bookmark: _Ref490292766]Figure 3 Approach 2: Boundary mapping (1.25 kHz subcarrier spacing)

Inter-preamble frequency hopping
The legacy inter-preamble frequency hopping is shown in Figure 4 (a). If the minimum frequency hopping distance is 1.25 kHz and the next higher frequency hopping distance is 6*3.75 kHz, then the transition from the coarse timing estimation to the fine timing estimation may not be succeed in some noisy environment. In the paired inter-preamble frequency hopping (Figure 4), intermediate frequency hopping, i.e., 3*3.75 kHz, is always provided within the pair to help transition from the coarse to fine to be successful even in noisy environment. 
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[bookmark: _Ref490293761]Figure 4 Inter-preamble frequency hopping

Proposal 4: Consider the basic allocation (alternative 1) and the boundary allocation (alternative 2) as the resource allocation and frequency hopping scheme for NPRACH enhancement.

Proposal 5: Consider the paired inter-preamble frequency hopping to improve the reliability of timing estimation acquisition with the minimum frequency hopping distance.

Further consideration
In the current NPRACH for NB-IoT, there is no explicit guard time (GT) defined as in LTE. Without a proper guard time, random access preamble would overlap the following subframe at the eNB receiver. Fortunately, however, given the fact that random access preamble in NB-IoT has the length of either 5.6 us for preamble format 0 or 6.4 us for preamble format 1 and also given the supported number of repetitions, there is always a time gap between the end of the preamble repetition and the following subframe boundary. The time gap takes one value out of {200, 400, 600, 800} us depending on the number of repetitions (Table 3‑1). Considering the maximum CP length of 266.7 us for the legacy preamble, the time gaps could have effectively taken the place of guard times without significant performance loss. 
[bookmark: _Ref490300984]Table 3‑1 Time gap as a function of repetition number for NB-IoT
	Number of repetition
	1
	2
	4
	8
	16
	32
	64
	128

	Preamble length (ms)
	6.4
	12.8
	25.6
	51.2
	102.4
	204.8
	409.6
	819.2

	Time gap (ms)
	0.6
	0.2
	0.4
	0.8
	0.6
	0.2
	0.4
	0.8


· Minimum time gap is 200us for number of repetitions = 2 and 32
· May not have been a serious problem considering that the required GT is 266.7us to cover 40 km cell radius

For enhanced preamble, however, the time gaps never seem to be enough for guard times anymore because 200 and 400 us time gaps are too short compared to the required guard time of 666.7 us. Therefore we need to consider introducing guard time for NPRACH range enhancement. And the necessity of guard time for NPRACH range enhancement will not be affected by upcoming decisions on the NPRACH preamble design details.

Proposal 6: We need to introduce guard time for NPRACH enhancement.
· FFS details on how to deal with the guard time, e.g., signalling, puncturing, restrictions, etc.

Conclusion
In this contribution we discussed resource configuration for NPRACH enhancement and further considerations for FeNB-IoT. We propose the followings:

Proposal 1: Share the same NPRACH resource configuration mechanism so that legacy NB-IoT UEs can avoid the configured NPRACH resources for the enhanced preamble.

Proposal 2: Align at least the preamble boundaries between the legacy preamble and the enhanced preamble:
· FFS possibility of symbol group alignment

Proposal 3: Provide the same or similar amount of useful symbol duration as legacy NB-IoT preamble for the same or similar detection and timing estimation performance.

Proposal 4: Consider the basic allocation (alternative 1) and the boundary allocation (alternative 2) as the resource allocation and frequency hopping scheme for NPRACH enhancement.

Proposal 5: Consider the paired inter-preamble frequency hopping to improve the reliability of timing estimation acquisition with the minimum frequency hopping distance.

Proposal 6: We need to introduce guard time for NPRACH enhancement.
· FFS possibility of symbol group alignment
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