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1 Introduction
In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) which was approved in RAN #70 meeting, downlink and uplink numerologies were revised to:

· 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.
In this contribution, we provide the design of random access channel for NB-IoT.
2 Multiple tones NB-PRACH design
2.1 Time and frequency structure
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Figure1 time and frequency structure for multiple tone NB-PRACH preamble format
As illustrated in Figure 1, following the principle of legacy PRACH, multiple tone NB-PRACH structure contains CP, GT and one or more repetition of the PRACH sequence.
According to the agreement in RAN1 #83, for NB-IoT uplink multi-tone transmission, the subcarrier interval is 15kHz and the subframe length is 1ms. To support flexible resource configuration for both NB-PRACH and NB-PUSCH, the length of NB-PRACH should be multiples of 1ms. 
Because of the frequency offset associated with preamble transmission (resulted from DL frequency estimation errors and Doppler shift), longer preamble transmission will lead to larger phase rotation ,which will cause higher detection error rate. With frequency offset roughly in the range of [-50, 50], the maximum length of the sequence should be less than 3ms to guarantee the preamble detection performance. To support UEs of different coverage enhancement level, multiple repetition of preamble format can be used. 
For TDD LTE inband scenario, considering the non-contiguous uplink subframe in TDD LTE, the minimum length is 1 subframe. To support 1ms length PRACH format, the subcarrier spacing of NB-PRACH is at least 1kHz. On the other hand, to reduce the interference between NB-PRACH and data, the data subcarrier spacing should be the multiples of NB-PRACH spacing. From these two considerations, it is preferable to adopt 1.25 kHz as the multiple tone NB-PRACH subcarrier spacing.
 In Table 1, a 1ms NB-PRACH format (format 0) is given to support up to 14km radius cell coverage. According the description of TR45.820, the maximum cell radius NB-IoT need to support is 35km. To satisfy this requirement, preamble format 1 and 2 can be designed on top of format 0 by adding longer CP and GT. The detailed configuration is included in Table 1.
 Table 1 Parameters  for preamble format 0, 1 ,2
	Format
	CP Length（us）
	Sequence Length（us）
	GT Length（us）
	Max cell radius
(km)

	0
	100
	800.00
	100
	15

	1
	200
	800.00*2
	200
	30

	2
	300
	800.00*3
	300
	45


Proposal 1: Multiple tone NB-PRACH subcarrier interval is 1.25 kHz.
Proposal 2:For multiple tone NB-PRACH, preamble format 0, format 1 and format 2 are supported.
2.2 Preamble sequence generation
The sequence generation of multiple tone NB-PRACH is similar to legacy LTE and based on ZC sequence.  The length of the sequence is 
[image: image2.wmf]ZC

N

, 
[image: image3.wmf]ZC

N

f

RA

1

D

is the two time domain sampling interval as well as the minimal interval zero peak interval between local sequence and the received sequence. In other words, the accuracy of TA estimation from coherence detection will increase with smaller 
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. Note 
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 is roughly equal to the bandwidth of NB-PRACH. Therefore the bandwidth of NB-PRACH has to satisfy the minimal TA estimation requirement. However, excessive larger bandwidth will cause problem for FDM multiplexing between NB-PRACH and NB-PUSCH, so a tradeoff need to be taken into consideration.
One possible configuration is 90 kHz bandwidth with 1.25 kHz subcarrier spacing, and using the 61 length ZC sequence for preamble sequence generation.
For NB-PRACH format 2 that support largest cell radius , preamble performance simulation result for different MCL is presented in table 2. From these result , we see the design satisfy the requirement. It is suggested that for UEs supporting multiple tones transmission, if there are multiple tones resource configured then by default the UE will use multiple tones for NB-PRACH. 
Table 2 Detection performance of preamble format 2
	Format
	SNR (dB)
	MCL
(dB)
	Repetition times
	False alarm rate 
	Detection rate

	2
	0.4
	144
	1
	8/10000
	99.9%

	2
	-9.6
	154
	10
	2/10000
	99.9%

	2
	-19.6
	164
	100
	9/10000
	99.6%


Proposal 3: Multiple Tones -NB-PRACH preamble sequence can be based on ZC sequence.   
Proposal 4: If eNB configured multiple tone NB-PRACH resources, UEs supporting multiple tone transmission will by default use multiple tone preamble.
3 Single Tone NB-PRACH design
Same as multiple tone NB-PRACH, for single tone case the length of NB-PRACH should be multiple of 1ms. In order to further increase TA estimation accuracy, hopping can be used for single tone NB-PRACH  sequence transmission. K contiguous frequency resources can be configured for hopping resource. With larger K value the estimation performance will increase; however that also increase the sequence length, which will cause more frequency offset. It is suggested k=2 is used. For K=2, each sequence contains two part, sequence_part1 and sequence_part2. Each part is the same complete ZC sequence. Repetition can be applied. Considering the characteristics of ZC sequence, CDM between multiple UEs should be supported for single tone NB-PRACH.
Figure 2 shows a single tone NB-PRACH preamble design supporting 35 km cell radius coverage. Preamble format 3 has two segment, and the detailed configuration is given in Table 3
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Figure 2  Time and frequency structure for single tone NB-PRACH preamble format 3
Table 3 Preamble format 3 Parameters
	Cell Radius
(km)
	Symbol length
(us)
	segment length
(Symbol Num)
	segment Num
	Hopping Position
	CP length
(Symbol Num)
	Sequence Part length
(Symbol Num)
	Sequence Repetition times in Segment
	GT length
(Symbol Num)

	35
	66.7
	90
	2
	2
	4
	17
	2
	6


For NB-PRACH format 3, link level simulation result is given in table 4 (simulation parameter is given in table a2 and table a3). In the simulation, guard band should be configured to ensure single tone NB-PRACH transmission from inter subcarrier interference, for example, total bandwidth including guard band configured for single tone NB-PRACH transmission is 30 kHz. From these result we can preamble format 3 satisfies the requirement. For 154dB and 164dB MCL, repetition can be applied to preamble format 3.
Table 4 Detection performance of preamble format 3
	Format
	SNR (dB)
	MCL
(dB)
	False alarm rate 
	Detection rate

	3
	5.2
	144
	8/10000
	99.9%


Based on the above analysis and simulation ,we have the following proposals.

Proposal 5: For single tone NB-PRACH preamble design, 
· Preamble Sequence generation is based on ZC sequence.

· Tone hopping is used for preamble transmission with two contiguous tone position configured.
· CDM between multiple UEs should be supported for single tone NB-PRACH
· FFS symbol  length (66.7us  could be a starting candidate)
4 Conclusions
In this contribution, we have discussed the PRACH design for NB-IoT. We make the following proposals: 
Proposal 1:Multiple tone NB-PRACH subcarrier interval is 1.25kHz.
Proposal 2:For multiple tone NB-PRACH, preamble format 0, format 1 and format 2 are supported.
Proposal 3: Multiple Tones -NB-PRACH preamble sequence can be based on ZC sequence.   
Proposal 4: If eNB configured multiple tone NB-PRACH resources, UEs supporting multiple tone transmission will by default use multiple tone preamble.
Proposal 5: For single tone NB-PRACH preamble design, 
· Preamble Sequence generation is based on ZC sequence.

· Tone hopping is used for preamble transmission with two contiguous tone position configured.

· CDM between multiple UEs should be supported for single tone NB-PRACH
· FFS symbol length (66.7us  could be a starting candidate)
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Appendix: NB-PRACH simulation assumptions
Table A1 Multiple tone  NB-PRACH link budget
	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)
	90000
	90000
	90000

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-121.4576
	-121.4576
	-121.4576

	7)      Required SINR (dB)
	0.4
	-9.6
	-19.6

	8)      Rx sensitivity (dBm)
6)+7)
	-121.0576
	-121.0576
	-121.0576

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)

1)-8)+9)
	144.0576
	154.0576
	164.0576


Table A2:NB-PRACH simulation parameters
	Parameter
	Value

	Channel model
	TU

	Doppler spread
	1 Hz

	Antenna configuration
	1 Tx; 2 Rx

	Cell size
	35 km

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

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

	Sample rate
	1.92MHz

	Number of channel realizations
	10,000


Table A3 Single tone NB-PRACH link budget
	1)      Tx power (dBm)
	23

	2)      PSD (dBm/Hz)
	-174

	3)      Rx noise figure (dB)
	3

	4)      Interference margin (dB)
	0

	5)      BW (Hz)
	30000

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-126.2288

	7)      Required SINR (dB)
	5.2

	8)      Rx sensitivity (dBm)
6)+7)
	-121.0288

	9)      Rx processing gain (dB)
	0

	10)    MCL (dB)

1)-8)+9)
	144.0288
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