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Introduction
In RAN1#92, the following agreements were made regarding to the support of cell range at least 100 km [1]:

Agreement: 
· For NPRACH range enhancements, 
· New NPRACH numerology with 1.25 kHz subcarrier spacing with minimum hop distance of 1.25 kHz.
· Only 800 us CP length is supported

In RAN#92bis, the following agreements concerning NPRACH for large cell range were made:

Agreement:
Configurable NPRACH bandwidth is integer multiple of 45 kHz. 

Agreement:
For Rel-15 UEs, in case NPUSCH transmission collides with any configured NPRACH resources in the cell, the NPUSCH transmission is postponed.

Agreement:
For one NPRACH symbol group for subcarrier spacing of 1.25 kHz, one NPRACH symbol group consists of CP+3 Symbols
FFS the number of symbol groups per NPRACH preamble repetition.
Agreement:
For frequency hopping within one NPRACH preamble, down-select the following alternatives at RAN1#93 meeting
· Alt 1: 2-level  -/+ 1.25 kHz -/+ 22.5 kHz
· Alt. 2: 3-level -/+ 1.25 kHz -/+ 3.75 kHz 22.5 kHz
· 
Agreement:
Specification supports that the new NPRACH format resouces can be configured to overlap or not overlap with the NPRACH resources of Rel-13/Rel-14.



In this contribution, we discuss the numerology of NPRACH for large cells. 

New NPRACH Numerology
It is desirable that the new NPRACH numerology with 1.25 kHz subcarrier spacing to be roughly aligned with current NPRACH channel in both frequency and time domain for easy coexistence. The following figure illustrates one possible design. It is single tone transmission with 3 level of hopping within one repetition. The parameters of the new design are given in the Table below.
Table 1 Parameters of Proposed NPRACH.
	CP duration
	Symbol duration
	No. of symbols/group
	No. of symbol groups/repetition
	Hop between groups 1 and 2
	Hop between groups 2 and 3
	Hop between groups 3 and 4

	800 us
	800us
	3
	4
	1.25 kHz
	3*1.25 kHz
	18*1.25 kHz



The proposed numerology for large cells are compared with the current NPRACH numerology in the figure below. The top half figure is the current NPRACH structure. The bottom half shows the new NPRACH structure. The new CP length is 800us. The sub-carrier spacing is 1.25KHz which is 1/3 of the current sub-carrier spacing. As shown in Figure 1, each repetition consists of four symbol groups and each symbol group consists of one CP and 3 symbols. The 3 levels of hopping with hopping distance are1.25KHz, 3.75KHz, and 22.5KHz respectively. The last two hopping distances in frequency are the same as current NPRACH channel. With this setting, one symbol group of the new NPRACH channel is roughly aligned with two symbol groups of current NPRACH in time domain. And they also align in frequency domain. The above numerology can support up to 120Km cell radius.  

[image: ]
Figure 1. New NPRACH channel to support up to 120Km cell radius
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In this contribution we have proposed the new numerology for NPRACH for large cells up to 100 km radius: 
Proposal 1: For NPRACH for large cells, adopt the NPRACH numerology as given in Table 1.  
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