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At RAN#69, a new work item named Narrowband IoT (NB-IoT) was approved, see [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. 
In RAN#70, the following items have been agreed [2].
· 180 kHz UE RF bandwidth for both downlink and uplink
· OFDMA on the downlink
· 15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 
· For the uplink: 
· Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.
· Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
· FFS: Additional mechanisms for PAPR reduction.
· The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
In RAN1 NB-IoT ad hoc meeting, it was further agreed that “Support one PRACH scheme for all MCL cases [3].” Also, as a working assumption, “PRACH scheme is based on single-tone transmission [3].”

In this contribution, we provide NB-PRACH evaluation results to support the observations and proposals made in [4][5].
Evaluation Setup and Results
In this section, simulation results are presented to evaluate NB-PRACH design for NB-IoT. The simulation assumptions used are based on the ones outlined in [4][5], and are summarized in Table 1.
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	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	35 km

	Timing uncertainty
	Randomly drawn from [-5.2 us, 233.3+5.2 us] for 35 km cell, or
Randomly drawn from [-5.2 us, 53.3+5.2 us] for 8 km cell. See Note 1.

	Frequency error
	Uniformly drawn from the set {-50 Hz, 50 Hz}. See Note 2.

	MS frequency drift
	Uniformly drawn from the set {-22.5 Hz/s, 22.5 Hz/s}.

	Number of channel realizations
	10,000

	Note 1: 233.3 us and 53.3 us are the maximum round-trip delay in the cell of size 35 km and 8 km, respectively. The additional +- 5.2 us accounts for the residual timing errors in the cell search. The timing uncertainty is drawn based on uniform user location in a hexagonal cell of size 35 or 8 km.



Table 2 summarizes the PRACH coverage performance in the SC-FDMA based uplink design for NB-IoT. We can see the required SNR for Formats 0, 1 and 2 are 14.25 dB, 4.25 dB, -5.75 dB, respectively.

[bookmark: _Ref434329309][bookmark: _Ref434329304]Table 2: PRACH coverage performance
	1)      Tx power (dBm)
	23
	23
	23

	2)      PSD (dBm/Hz)
	-174
	-174
	-174

	3)      Rx noise figure (dB)
	3
	3
	3

	4)      Interference margin (dB)
	0
	0
	0

	5)      BW (Hz)
	3750
	3750
	3750

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-135.2597
	-135.2597
	-135.2597

	7)      Required SINR (dB)
	14.25
	4.25
	-5.75

	8)      Rx sensitivity (dBm)
6)+7)
	-121.0097
	-131.0097
	-141.0097

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)
1)-8)+9)
	144.0097
	154.0097
	164.0097



For ease of reference, the set of design configuration parameters proposed in [4] are copied here as Table 3 and are used in the simulation.
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	Cell size
(km)
	MCL
(dB)
	Subcarrier spacing (kHz)
	Tcp 
(us)
	Number of symbols per group
	Number of groups
	Hopping pattern
	Pseudo random hopping range

	35
	144
	3.75
	266.7
	5
	8
	1 tone micro hopping + pseudo random hopping
	{8, 12, 16} tones

	
	154
	3.75
	266.7
	5
	24
	1 tone micro hopping + pseudo random hopping
	{8, 12, 16} tones

	
	164
	3.75
	266.7
	5
	120
	1 tone micro hopping + pseudo random hopping
	{8, 12, 16} tones

	8
	144
	3.75
	66.7
	5
	8
	1 tone micro hopping + pseudo random hopping
	{8, 12, 16} tones


	
	154
	3.75
	66.7
	5
	24
	1 tone micro hopping + pseudo random hopping
	{8, 12, 16} tones

	
	164
	3.75
	66.7
	5
	120
	1 tone micro hopping + pseudo random hopping
	{8, 12, 16} tones

	Remark 1: Pseudo random hopping is based on LTE PUSCH type 2 hopping, as detailed in [4][5].



Time-of-Arrival Estimation (35 km)
MCL: 144 dB
Figure 1 shows the distributions of time-of-arrival estimation errors for the single-tone frequency hopping with 35 km cell size and 144 dB MCL. The NB-PRACH band may consist of 8, 12, or 16 tones, in which 1-tone fixed hopping and LTE PUSCH type 2 pseudo random hopping are applied. It can be seen high accuracy time-of-arrival estimation accuracy can be achieved with the proposed design. 
[image: C:\local_data\MassiveMTC\MyDocs\RAN1_84\ToA_35km_144dB_RndTone.png]
[bookmark: _Ref441840962]Figure 1: Time-of-arrival estimation performance with 35 km cell size and 144 dB MCL.
MCL: 154 dB
Figure 2 shows the distributions of time-of-arrival estimation errors for the single-tone frequency hopping with 35 km cell size and 154 dB MCL. The NB-PRACH band may consist of 8, 12, or 16 tones, in which 1-tone fixed hopping and LTE PUSCH type 2 pseudo random hopping are applied. It can be seen high accuracy time-of-arrival estimation accuracy can be achieved with the proposed design. 
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[bookmark: _Ref441842131]Figure 2: Time-of-arrival estimation performance with 35 km cell size and 154 dB MCL. 

MCL: 164 dB
Figure 3 shows the distributions of time-of-arrival estimation errors for the single-tone frequency hopping with 35 km cell size and 164 dB MCL. The NB-PRACH band may consist of 8, 12, or 16 tones, in which 1-tone fixed hopping and LTE PUSCH type 2 pseudo random hopping are applied. It can be seen high accuracy time-of-arrival estimation accuracy can be achieved with the proposed design. 
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[bookmark: _Ref441842184]Figure 3: Time-of-arrival estimation performance with 35 km cell size and 164 dB MCL. 

Time-of-Arrival Estimation (8 km)
MCL: 144 dB
Figure 4 shows the distributions of time-of-arrival estimation errors for the single-tone frequency hopping with 8 km cell size and 144 dB MCL. The NB-PRACH band may consist of 8, 12, or 16 tones, in which 1-tone fixed hopping and LTE PUSCH type 2 pseudo random hopping are applied. It can be seen high accuracy time-of-arrival estimation accuracy can be achieved with the proposed design. 
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[bookmark: _Ref441844938]Figure 4: Time-of-arrival estimation performance with 8 km cell size and 144 dB MCL.
MCL: 154 dB
Figure 5 shows the distributions of time-of-arrival estimation errors for the single-tone frequency hopping with 35 km cell size and 154 dB MCL. The NB-PRACH band may consist of 8, 12, or 16 tones, in which 1-tone fixed hopping and LTE PUSCH type 2 pseudo random hopping are applied. It can be seen high accuracy time-of-arrival estimation accuracy can be achieved with the proposed design. 
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[bookmark: _Ref441844986]Figure 5: Time-of-arrival estimation performance with 8 km cell size and 154 dB MCL.
MCL: 164 dB
Figure 6 shows the distributions of time-of-arrival estimation errors for the single-tone frequency hopping with 35 km cell size and 164 dB MCL. The NB-PRACH band may consist of 8, 12, or 16 tones, in which 1-tone fixed hopping and LTE PUSCH type 2 pseudo random hopping are applied. It can be seen high accuracy time-of-arrival estimation accuracy can be achieved with the proposed design.
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[bookmark: _Ref441844978]Figure 6: Time-of-arrival estimation performance with 8 km cell size and 164 dB MCL.
Conclusions
In this contribution, we have provided NB-PRACH evaluation results to support the observations and proposals made in [4][5]. The following observations are made from the evaluation results.

Observation 1: Fixed size hopping + pseudo random hopping (based on LTE PUSCH Type 2 hopping) can provide accurate time-of-arrival estimation accuracy.
Observation 2: Pseudo random hopping (based on LTE PUSCH Type 2 hopping) allows the eNB to flexibly configure NB-PRACH bands consisting of different number of tones.

1 References
[1] [bookmark: _Ref433894019][bookmark: _Ref430944728]RP-151621, “New Work Item: NarrowBand IOT (NB-IOT),” source Qualcomm Inc., RAN #69.
[2] [bookmark: _Ref436223503]RP-152284, “New Work Item: Narrowband IoT (NB-IoT),” sources Huawei and HiSilicon, RAN #70.
[3] [bookmark: _Ref441756286][bookmark: _Ref436223730]RAN1 Chairman’s Notes, RAN1 NB-IoT Ad Hoc, January 2016.
[4] [bookmark: _Ref442457631][bookmark: _Ref425165970][bookmark: _Ref441832337]R1-160275, “NB-IoT: Single tone frequency hopping NB-PRACH design,” sources Ericsson, RAN1 #84, February 2016.
[5] [bookmark: _Ref442105666][bookmark: _Ref442457588]R1-160439, “NB-IoT – NB-PRACH frequency hopping pattern,” source Ericsson, RAN1 #84, February 2016.
[6] 3GPP TR 45.820, “Technical Specification Group GSM/EDGE Radio Access Network; Cellular System; Support for Ultra Low Complexity and Low Throughput Internet of Things; (Release 13),” www.3gpp.org.
1(6)
[bookmark: _Toc458939174]6(6)
image2.png
0.9+

0.8+

0.7+

0.6 -

0.4+

0.3+

0.2

0.1+

Empiical CDF

——12-tone PRACH band
8-tone PRACH band
—— 16-tone PRACH band

-6 -4 -2 0 2 4 6 8 10
Time-of-Arrival Estimation Error (us)




image3.png
0.9+

0.8+

0.7+

0.6 -

0.4+

0.3+

0.2

0.1+

Empiical CDF

——12-tone PRACH band
8-tone PRACH band
—— 16-tone PRACH band

-4 -2 0 2 4 6 8 10
Time-of-Arrival Estimation Error (us)




image4.png
0.9

08

07

06

04

03

02

0.1

Empiial COF

——— 12-tone PRACH band
~— 8-tone PRACH band
— 16-tone PRACH band

4 2 0 2 4 6 8
Time-of-Arival Estimation Error (us)




image5.png
0.9

0.8

07

0.6

04

03

0.2

0.1

Empincal COF

——12-tone PRACH band
~— 8-tone PRACH band
—— 16-tone PRACH band

-4 2 0 2 4 6 8
Time-of-Arrival Estimation Error (us)




image6.png
0.9+

0.8

0.7+

0.6 -

0.4+

0.3+

0.2+

0.1+

Empiical CDF

——12-tone PRACH band
8-tone PRACH band

= 16-tone PRACH band
_d==;_—'.j:\ L . n n n

-4 -2 0 2 4 6 8
Time-of-Arrival Estimation Error (us)

10




image1.png
0.9

0.8

0.7

0.6

0.4

0.3

0.2

0.1

Empical COF

~———12-tone PRACH band|
- 8-tone PRACH band
—— 16-tone PRACH band

-4 -2 0 2 4 6 8
Time-of-Arrival Estimation Error (us)




