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1 Introduction
At RAN#69, a new work item named NarrowBand IOT (NB-IOT) was approved [1]. The objective is to specify a radio access for cellular internet of things that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. 

NB-IOT should support 3 different modes of operation: 

1.
“Stand-alone operation” utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers

2.
“Guard band operation” utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
“In-band operation” utilizing resource blocks within a normal LTE carrier
In this contribution, we provide the design of random access channel for NB-IoT and corresponding performance evaluations.
2 Physical Random Access Channel Design
Analysis for PRACH bandwidth
In legacy LTE system, PRACH channel only occupies part of UL system bandwidth. PRACH and PUSCH are transmitted in the same subframe by FDM. PRACH resources for adjacent cells can be allocated in different frequency domain for interference reduction purpose. For NB-IOT, the possibility of reusing legacy FDM method can be analyzed from the following aspects:

1. The useful bandwidth of NB-IOT is only 180 kHz. If part of UL bandwidth (for example, 60 kHz) is configured for PRACH, frequency resource of PRACH for three adjacent cells can be different as shown in Figure 1. Considering that NB-IOT bandwidth is very small, if the frequency resources occupied by neighbouring PRACH are not used for PUSCH transmission, capacity of PUSCH would be seriously decreased. If same frequency resources are shared by neighbouring cells for PUSCH or PRACH transmission, considering that the transmission power of PUSCH is higher than that of PRACH, PRACH transmission in a cell would suffer much more serious interference from neighbouring PUSCH than neighbouring PRACH. Meanwhile, since different PRACH preambles are orthogonal, interference can be further reduced by configuring different PRACH preambles for neighbouring cells. Therefore, PRACH frequency multiplexed with other UL channels is not preferable.
2. For SC-FDMA, the timing advance (TA) estimation is detected through PRACH preamble. The more frequency resources are configured to PRACH, the more accurate is the TA estimation. Since the valid bandwidth of NB-IOT is only 180 kHz, the accuracy of TA estimation would be greatly reduced if PRACH is frequency multiplexed with other UL channels.
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Figure 1 PRACH resource allocation for adjacent 3 cells
Proposal 1: For NB-IOT, PRACH frequency multiplexed with other UL channels is not preferable.
PRACH Preamble Design

For “In-band operation”, since some UL subframes may not be configured to NB-IOT system, the valid UL subframes for NB-IOT may be discrete. PRACH preamble design needs to be able to flexibly match the potential configuration of valid UL subframes.
An example of PRACH design is shown in Figure 2. PRACH occupies 180 kHz bandwidth and PRACH subcarrier spacing is 1250 Hz. The preamble sequence is generated based on length-139 ZC sequence. 
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Figure 2 PRACH Preamble length and subcarrier spacing
In order to flexibly match the UL subframe configuration of NB-IOT, long PRACH preamble design and short PRACH preamble design are considered.
· PRACH format 0
The length of PRACH format 0 is 1 ms.  As shown in Figure 3, CP and GT length are 100 s to support 15 km cell radius and the length of PRACH preamble sequence is 0.8 ms.
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Figure 3 PRACH Preamble format 0 
· PRACH format 1
The length of PRACH format 1 is 3 ms. As shown in Figure 4, CP and GT length are 250 s to support 35 km cell radius and the length of PRACH preamble sequence is 0.8 * 3 = 2.4 ms.
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Figure 4 PRACH Preamble format 1

Parameter configuration of PRACH format 0 and PRACH format 1 are summarized in Table 1.
Table 1 PRACH formats for NB-IoT
	Format
	Cell size (km)
	Tcp (ms)
	Tseq (ms)
	Tgt (ms)

	0
	15
	0.1
	0.8
	0.1

	1
	35
	0.3
	0.8*3
	0.3


In order to meet 20 dB coverage enhancement requirement, repetition is applied for the selected PRACH format.
Proposal 2: For PRACH of NB-IOT, multiple CP configurations are supported.
Proposal 3: PRACH repetition is used to meet the 20 dB coverage enhancement requirement.
3 Performance Evaluation
The simulation assumptions for PRACH are summarized in Table 2.
Table 2 Simulation parameters

	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	15 km /35 km

	Timing uncertainty
	randomly selected from range of [0, MaxRTD], where MaxRTD is calculated according to the cell radius

	Frequency error
	Uniformly drawn from the set {-50 Hz, 50 Hz}

	Number of channel realizations
	10,000


3.1 Coverage performance

For basic coverage，the threshold is set such that the false alarm rate is below 0.1%. The corresponding preamble detection rate is 99.10% for PRACH format 0 as shown in Table 3 and 99.23% for PRACH format 1 as shown in Table 4.
Table 3 Coverage Performance of PRACH format 0

	Resource
	SNR (dB)
	False alarm rate 
	Detection rate

	1 ms x 180 kHz
	1.8
	4/10000
	99.10%


Table 4 Coverage Performance of PRACH format 1
	Resource
	SNR (dB)
	False alarm rate 
	Detection rate

	3 ms x 180 kHz
	-2.9
	1/10000
	99.23%


Based on the false alarm and detection rates performance, Table 5 summarizes NB-IOT PRACH coverage performance.
Table 5: PRACH coverage performance

	
	PRACH Format 0
	PRACH Format 1

	1)      Tx power (dBm)
	23
	23

	2)      PSD (dBm/Hz)
	-174
	-174

	3)      Rx noise figure (dB)
	3
	3

	4)      Interference margin (dB)
	0
	0

	5)      BW (Hz)
	180000
	180000

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-118.2273
	-118.2273

	7)      Required SINR (dB)
	1.8
	-2.9

	8)      Rx sensitivity (dBm)
6)+7)
	-116.4273
	-121.1273

	9)      Rx processing gain (dB)
	0
	0

	10)    MCL (dB)

1)-8)+9)
	139.4273 
See Note 1
	144.1273

	Note: 139 dB is enough to support 15 km coverage.


4 Conclusions
The design of random access channel for NB-IoT and corresponding performance evaluations are discussed in this contribution. We make the following proposals:
Proposal 1: For NB-IOT, PRACH frequency multiplexed with other UL channels is not preferable.
Proposal 2: For PRACH of NB-IOT, multiple CP configurations are supported.
Proposal 3: PRACH repetition is used to meet the 20 dB coverage enhancement requirement.
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