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1. Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was created, see [1]. The objective is for cellular internet of things to exchange data between them and the cellular network.
In this contribution, we provide our views on PRACH design for NB-IOT. 

2. PRACH design
The PRACH design for NB-IOT has certain constraints and challenges. For in-band deployment, it’s desirable to support both FDD and TDD frame structures. The limitation on the number of consecutive UL subframes in different TDD configurations also puts limitation on how much tone spacing we can reduce. Smaller tone spacing also leads to sensitivity to frequency errors.  Furthermore, the NB-IOT system also targets to support large cell size, e.g., 30km. To accommodate the large round trip delay, a large CP length is also required. On the other hand to reduce CP overhead, it’s desirable to have a long symbol duration. The long duration, however, will be unfeasible for certain TDD configuration. We therefore have the following proposals. 

Proposal 1: At least one format for small cell radius should target for working in all TDD configuration. Other formats for large cell radius may work for certain TDD configurations only. 

Proposal 2: Allow multiple PRACH formats with different transmission duration and CP length for different cell radius. 
The switching point for cell radius split is FFS. Each UE only use one format. Below is one example with 2 cell radius levels:

Table1: CP length with two cell radius levels

	Cell radius
	Below 10km
	[10km , 30km]

	CP length
	100us
	250us


A single RB bandwidth for use in uplink data transmissions in a wideband system has a limited dimension for multiplexing of uplink user data transmissions.  The Zadoff-Chu sequence based PRACH design would occupy a large percentage of the system bandwidth if not all and use cyclic shift to separate users. To support large cell size and to provide enough user multiplexing capacity, long sequence length desired, which in turn leads to sensitivity to frequency errors. Furthermore, for UEs in deep coverage as much as 164 dB MCL, PA efficiency is more critical. Therefore, a PRACH design with single tone transmission could be beneficial in terms of PA efficiency and possibly user capacity. Besides, it might also be beneficial with simplified random access procedure. For example, a preamble based design might be suitable for large cell radius while message based design can be used for small cell radius. We therefore have the following proposals: 
Proposal 3: Consider single tone transmission with tone hopping for better PA efficiency and user multiplexing capacity

Proposal 4:  In addition to preamble based PRAH design, further consider message based design with simplified random access procedure.
Figure 1 shows one example for single tone PRACH design with tone hopping, where one subframe is the minimum duration for consecutive PRACH transmissions. 
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Figure 1. Single tone preamble based PRACH with tone hopping
3. Simulation results 
Figure 2 shows one preliminary timing estimation result for a PRACH design with subframe duration 1ms. This PRACH format can work for all TDD and FDD scenarios for small cell radius, e.g., 10km. The CP length is 100us, symbol length 267us and tone spacing 7.5kHz. The total number of subframes is 100 per PRACH attempt at -8.8dB SNR which correspond to 164dB MCL. The number of receive antenna is 2. Channel is ETU which stays the same during one PRACH attempt and independently faded across different PRACH attempts. 
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Figure 2. Timing estimation for 1ms subframe duration in deep coverage
4. Summary
In this contribution we presented our views on the PRACH design. We make the following proposals 

Proposal 1: At least one format for small cell radius should target for working in all TDD configuration. Other formats for large cell radius may work for certain TDD configurations only. 

Proposal 2: Allow multiple PRACH formats with different transmission duration and CP length for different cell radius. 
Proposal 3: Consider single tone transmission with tone hopping for better PA efficiency and user multiplexing capacity

Proposal 4:  In addition to preamble based PRAH design, further consider message based design with simplified random access procedure.
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