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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 the preamble structure for NPRACH enhancement and further considerations. Resource configuration for NPRACH enhancement is discussed in our companion paper [4]. This is a re-submission of R1-1717285.

Preamble structure for NPRACH enhancement
In RAN1 #88bis meeting, two separate agreements were made on two agenda one of which is enhancement in terms of false alarm probability and the other one is enhancement in terms of cell range. Basically, we think one single design providing both of the enhancements should be preferred unless clear advantages are proved otherwise. Other important aspects of the preamble design for NPRACH enhancement include the backward compatibility or coexistence with the legacy design. NPRACH resource sharing or at least congruent multiplexing with the legacy NPRACH resource would be beneficial. No sacrifice of coverage would be desired if there is a clear benefit offsetting the coverage reduction. The single preamble design for both reliability and range enhancements is called enhanced preamble in this discussion. 

Approaches to NPRACH reliability enhancement
For NPRACH reliability enhancement, among alternatives for down selection in the last meeting, symbol or symbol-group level scrambling are preferred because they do not interfere with the NPRACH resource configuration of the legacy NB-IoT. We tend to think the symbol-group level scrambling suits our overall preamble design because in addition to the clear benefit of NPRACH resource sharing, it is free from the concerns on the PAPR increase and/or inter-tone interference arising from the potential asynchronous UEs. 
[image: ]
Figure 1 Symbol group-level scrambling for NPRACH reliability enhancement 

Proposal 1: Adopt symbol group-level scrambling for reliability enhancement.

Approaches to NPRACH range enhancement
Basically, to cover 100 km cell radius, preamble CP length over 666.7 us is needed for inter-symbol interference free preamble detection. However, the long CP only does not close the ambiguity issue of the timing estimate which can only be perfectly clearly with the minimum frequency hopping distance of 1.25 kHz or smaller. There are two ways to meet the minimum frequency hopping distance of 1.25 kHz. One is to shrink the subcarrier spacing of the preamble into 1.25 kHz and perform integer frequency hopping. The other is to keep the 3.75 kHz subcarrier spacing of legacy preamble and perform fractional, e.g., 1/3, frequency hopping to meet 1.25 kHz frequency hopping distance. We need more study to compare those two approaches in terms of backward compatibility and coexistence with the legacy system. For example, efficient NPRACH resource sharing may be a plausible advantage.

Proposal 2: Further evaluate pros and cons of the following two solutions for cell range enhancement:
· 1.25 kHz preamble subcarrier spacing and integer frequency hopping
· 3.75 kHz preamble subcarrier spacing and fractional frequency hopping

Further considerations
Other than the issues directly related to the preamble structure such as preamble numerology, preamble composition, scrambling, frequency hopping etc., we may also need to take the multiplexing capability as a benefit though not directly related to the objective of the WI.  
Besides, we have to consider implications on legacy NB-IoT UEs not supporting the enhanced preamble we are developing. In this aspect, the same structure, i.e., the same number of symbols in a symbol group with the same preamble duration, seems to be most beneficial in terms of the potential sharing of the NPRACH resources with the legacy. However, it should further studied on details of how much the legacy NPRACH can be shared with the enhanced preamble. 

Proposal 3: Further study details on how much the legacy NPRACH resource can be shared with the enhanced NPRACH resource.

In some design, due to increased portion of the cyclic prefix, the ‘useful’ symbol duration in a symbol group, and hence in a preamble, decreases. The use symbol duration here means the total duration of symbols that are actually used for detection and/or timing estimation. The useful symbol duration excludes the duration of cyclic prefix. Then we can easily expect that to maintain the same coverage as in legacy preamble, additional repetition level(s) may need to be configured for the enhanced preamble to keep the maximum useful symbol duration intact. 
Assuming the enhanced preamble with 1.25 kHz subcarrier spacing and the same number of symbols in a preamble, per preamble duration would be three times the duration of the legacy preamble. In this case, the number of repetitions can be reduced to one third of that of the legacy preamble given the same coverage performance. 

Proposal 4: Consider supporting the same level of useful symbol duration as that of legacy preamble to maintain the same coverage as that of the legacy preamble.

When we make decisions on approaches to NPRACH range enhancement, NPRACH resource configuration aspect should also be taken into account. Furthermore, if the enhanced preamble is to be introduced, we need to discuss details on how to allocate legacy preambles and the enhanced preambles to UEs. 
Conclusion
In this contribution we discussed the preamble structure and further considerations for NPRACH enhancement. We propose the followings:

Proposal 1: Adopt symbol group-level scrambling for reliability enhancement.

Proposal 2: Further evaluate pros and cons of the following two solutions for cell range enhancement:
· 1.25 kHz preamble subcarrier spacing and integer frequency hopping
· 3.75 kHz preamble subcarrier spacing and fractional frequency hopping

Proposal 3: Further study details on how much the legacy NPRACH resource can be shared with the enhanced NPRACH resource:

Proposal 4: Consider supporting the same level of useful symbol duration as that of legacy preamble to maintain the same coverage as that of the legacy preamble.
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