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In the revised WID “Revised WI: NarrowBand IoT (NB-IoT)” ([1]) 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 RAN1#Ad hoc meeting, the following agreements and working assumption on PRACH design were made [2]:

· Agreement: Use only preamble based PRACH for NB-IoT.
· Agreement: Support one PRACH scheme for all MCL cases
· Working assumption: PRACH scheme is based on single-tone transmission
In this contribution, we provide the design of random access channel for NB-IoT.

. Single tone PRACH Design
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Several proposals of single tone PRACH design has been discussed in previous RAN1 meetings. One single tone PRACH based design is proposed in [3]. In Figure 1 the PRACH structure with both 3.75 kHz (preamble type 1) and 15 kHz (preamble type 2) are presented. Time duration of each tone is 1.6 ms and the hopping is between two consecutive tones.

Figure 1: PRACH structure for preamble type 1 and preamble type 2
TA estimation performance analysis is illustrated in Figure 2 for preamble type 1 and type2. In the figure shown RTD between UE and eNB is 0. For preamble type 2, as many peaks exist in the detection windows, the detection performance could be seriously affected, indicating that 35 km cell radius cannot be supported with preamble type 2. For preamble type 1, although there is only one peak, the peak is not sharp enough to achieve accurate estimation of TA.
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Figure 2: TA estimation performance analysis for preamble type 1 and preamble type 2
Another single tone PRACH scheme is proposed in [4]. Its structure is illustrated in Figure 3 where the subcarrier spacing is 3.75 kHz and two hopping distances. Each tone lasts 1.6 ms. FH1 is 3.75 kHz and FH2 is 22.5 kHz. FH1 is used for coarse TA estimation and FH2 is used for finer estimation.

Figure 3: PRACH structure for preamble type 3
The coarse estimation can be used to correct potential peak detection error. However the overall performance is still affected by the performance of second estimation. To show the estimation limitation of the above design, we conduct the following simulation. Three different values of frequency offset, 10 Hz, 20 Hz and 50 Hz are considered in the simulation. Also the cell size is reduced (1/12 of the original supported radius) to eliminate the error caused by incorrect peak choice. 

Figure 4: PRACH structure for preamble type 4
Figure 5 shows the performance results, and in table 1 we summarize TA estimation result with different frequency offset values based on the requirement from TS36.104. It is evident when frequency offset increases the performance degrade quickly and with 50Hz offset, the correct detection rate is only 71%, which is far less than the requirement. 
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Figure 5: TA estimation error CDFs for preamble type 4

Table 1: TA estimation Result for preamble type 4
	Frequency Offset
	Correct detection rate

	10 Hz
	100%

	20 Hz
	100%

	50 Hz
	71%

	Note：Sampling rate  = 1.92 MHz，satisfactory TA  estimation is within [-4 samples, +4 samples], i.e., [-2.08 s, +2.08 s]




To verify the performance of preamble type 3, simulations are performed with assumptions in Table A1 and Table A2 in the Appendix. Figure 5 shows the result for preamble type 3 TA estimation with FH2 = 22.5 kHz and SNR = 14.2~20.2 dB; Figure 6 shows the TA estimation errors distribution for SNR = 14.2 dB and figure 7 shows the error distribution for SNR=20.2 dB. Table 2 shows the TA estimation errors result for SNR = 14.2 dB and SNR = 20.2 dB. It is observed from the result that：
1、 Further increasing the SNR has no effect on the accuracy of TA estimation 
2、 Preamble type 3 TA estimation accuracy is less than 71%;
3、 Requirement for PRACH TA estimation in TS36.104 cannot be satisfied with preamble type 3

Therefore we have the following conclusion:
Observation1：Proposals in [4] cannot satisfied the requirement in TS36.104. 
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Figure 6: TA estimation for preamble type 3，FH2 = 22.5kHz，SNR = 14.2~20.2 dB

Table 2: TA estimation result for preamble type 3
	SNR (dB)
	Correct detection rate

	14.2
	59.2%

	20.2
	57.3%

	Note：Sampling rate  = 1.92 MHz，satisfactory TA  estimation is within [-4 samples, +4 samples], i.e., [-2.08 s, +2.08 s]



[image: ]
Figure7: TA estimation error CDF for preamble type 3，FH2 = 22.5 kHz，SNR = 14.2 dB
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Figure 8: TA estimation error CDF for preamble type 3，FH2 = 22.5 kHz，SNR = 20.2 dB
Based on the discussion above, we propose that single tone PRACH transmission not be repeated using the same symbol. Instead, ZC sequence is used. The preamble structure is illustrated in Figure 9 and in Table 3 gives the parameters for such preamble structure.
Table 3: Parameters for Preamble format 0
	Subcarrier spacing
(kHz)
	PRACH Symbol length
	Cell Radius
(km)
	CP/GT length
(symb Num)
	ZC Sequence length

	ZC Sequence Repetition times
	PRACH resource length
(symb Num)
	Hopping Distance

	15
	66.7us
	35
	4/6
	23
	2
	60
	150kHz




Figure 9：Preamble format 0 structure and resource allocation
TA estimation performance result (MCL = 144 dB, 154 dB, 164 dB) are given in Table 4 and Figures 10~12 with simulation assumptions described in Table A1 and Table A3 in Appendix. The results show that this design satisfies the requirement from TS36.104.
Table 4：TA estimation result for preamble format 0
	Format
	Repetition times
	SNR (dB)
	MCL
(dB)
	False alarm rate 
	Detection rate

	0
	1
	8.2
	144
	3/10000
	99.9%

	0
	10
	-1.8
	154
	7/10000
	99.9%

	0
	120
	-11.8
	164
	8/10000
	99.5%

	Note：Sampling rate  = 1.92 MHz，satisfactory TA  estimation is within [-4 samples, +4 samples], i.e., [-2.08 s, +2.08 s]
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Figure10: TA estimation error CDF for preamble format 0, MCL = 144 dB

[image: ]
Figure11: TA estimation error CDF for preamble format 0, MCL = 154 dB

[image: ]
Figure12: TA estimation error CDF for preamble format 0, MCL = 164dB

With ZC sequence based preamble, CDM can be used to further increase the PRACH capacity. To address the concern of near-far effect, simulations are conducted to show the impact of strong interferer (SIR = -10 dB). Results from Table 5 shows that even with strong interferer, TA estimation performance is still acceptable.

Table5: TA estimation performance for preamble format 0, with strong interferer
	Format
	SIR（dB）
	Repetition times
	SNR (dB)
	MCL
(dB)
	False alarm rate 
	Detection rate

	0
	NAN
	1
	8.2
	144
	3/10000
	99.9%

	0
	-10
	1
	8.2
	144
	3/10000
	96%

	Note：Sampling rate  = 1.92 MHz，satisfactory TA  estimation is within [-4 samples, +4 samples], i.e., [-2.08 s, +2.08 s]



[image: ]
Figure 13: TA estimation error CDF, with near far effect for preamble format 0

Proposal 1:  ZC sequence based single tone PRACH preamble can be used to support 35km cell radius with up to 164dB MCL with repetition. Sample parameter for such design are :
· Sequence length :4ms
· Tone spacing: 15kHz
· hopping distance:150kHz；
· ZC sequence length :23

Conclusions
In this contribution, we make the following observation and proposal:
Observation1：Proposals in [4] cannot satisfied the requirement in TS36.104. 
Proposal 1:  ZC sequence based single tone PRACH preamble can be used to support 35km cell radius with up to 164dB MCL with repetition. Sample parameter for such design are :
· Sequence length :4ms
· [bookmark: _GoBack]Tone spacing :15kHz
· hopping distance:150kHz；
· ZC sequence length :23
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Appendix：NB-PRACH simulation assumptions 

Table A1: 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}

	Frequency drift 
	±22.5 Hz/s 

	Sample Rate
	1.92 MHz

	Number of channel realizations
	10,000



[bookmark: OLE_LINK21][bookmark: OLE_LINK22]
Table A2: Link budget for Preamble type 3 
	1)      Tx power (dBm)
	23

	2)      PSD (dBm/Hz)
	-174

	3)      Rx noise figure (dB)
	3

	4)      Interference margin (dB)
	0

	5)      BW (Hz)
	3750

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

	7)      Required SINR (dB)
	14.2

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

	9)      Rx processing gain (dB)
	0

	10)    MCL (dB)
1)-8)+9)
	144.0288

	 





Table A3: Link budget for Preamble format 0 
	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)
	15000
	15000
	15000

	6)      Effective noise (dBm)
2)+3)+4)+10*log10(5))
	-129.2391
	-129.2391
	-129.2391

	7)      Required SINR (dB)
	8.2
	-1.8
	-11.8

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

	9)      Rx processing gain (dB)
	0
	0
	0

	10)    MCL (dB)
1)-8)+9)
	144.0288
	154.0288
	164.0288
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Preamble Type1:Subcarrier=3.75kHz ;Preamble generated by the repetition of a constant

Preamble Type2:Subcarrier=15kHz ;Preamble generated by the repetition of a constant


