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[bookmark: _Ref409106980]Introduction
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. At RAN#70, a revised work item description was approved, see [2].
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, as well as scattered spectrum for potential IoT deployment.
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
NB-IoT will support 180 kHz UE RF bandwidth for both downlink and uplink. For the uplink: 
o	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.
o	Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.
o	FFS: Additional mechanisms for PAPR reduction.
o	The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs
To maintain orthogonality between NB-PUSCH’s with 15 kHz subcarrier spacing, accurate timing advance for aligning the subframe boundary among different UEs is needed. Thus, NB-PRACH has to be designed accordingly. In [3], a NB-PRACH design is shown to be able to support 15 kHz subcarrier spacing for NB-PUSCH. One remaining open issue is the near-far performance of such a NB-PRACH design. This is analysed in this contribution.
1 NB-PRACH preamble formats
According to [3], there are three different NB-PRACH formats, each targeting at a different coverage class.
1.1 [bookmark: _Ref430695182]NB-PRACH Formats 0 and 1
NB-PRACH preamble Formats 0 and 1 are based on length-251 Zadoff-Chu sequences with 312.5 Hz subcarrier spacing, resulting in about 80 kHz NB-PRACH bandwidth. Most of the UEs in the system use these two types of NB-PRACH preambles. The basic symbol duration of a NB-PRACH preamble of either Format 0 or 1 is 3.2 ms. A 4 ms segment is defined as a basic random access segment, giving rise to 0.8 ms resources remaining for cyclic prefix (CP) and guard time (GT). To maximize cell size, the CP is dimensioned to be 0.4 ms, which supports cell sizes up to 60 km. Figure 1 illustrates NB-PRACH CP/GT dimensioning.
NB-PRACH preamble Format 0 supports UE with coupling loss lower than 144 dB. NB-PRACH preamble Format 1 supports UE with coupling loss between 144 dB and 154 dB. Note that using length-251 Zadoff-Chu sequences offers certain processing gain for mitigating the near-far problem. The processing gain is proportional to the length of the 251 Zadoff-Chu sequences.
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[bookmark: _Ref430953661]Figure 1: Cyclic prefix/guard period dimensioning for NB-PRACH Formats 0 and 1.

1.2 NB-PRACH Format2
NB-PRACH preamble Format 2 is used by UEs in extremely coverage limited locations. These preambles are constant-envelope signals, which avoid the needs for PA backoff, and thus aiming at maximizing the coverage. The design is shown in Figure 3. The preamble consists of 100 symbols in time and occupies one 2.5 kHz subcarrier in frequency. The transmission, however, alternates between two adjacent tones from symbol to symbol. The alternation is used to enable satisfactory time-of-arrival estimation performance at the eNB. NB-PRACH preamble Format 2 supports UE with coupling loss higher than 154 dB.
[image: ]
Figure 2: NB-PRACH Format 2.
Near-far performance
In this section, simulation results are presented to evaluate the near-far performance of the NB-PRACH design. The simulation assumptions used are based on the ones outlined in [4], and are summarized in Table 1. In our simulations, we assume that different NB-PRACH coverage classes are allocated with different time-frequency resources. However, within the same coverage class, multiple NB-PRACH preambles may be transmitted simultaneously from different UEs. In all our simulations, we study the scenario where there are two UEs in the same coverage class sending NB-PRACH preambles at the same time. The received power levels differ between the two by x dB, which is referred to as the near-far ratio. Besides, the preambles based on Zadoff-Chu sequences are generated according to the Mod Pi phase interpolation approach documented in [7,8].

[bookmark: _Ref425174722]Table 1: Simulation parameters



Format 0
For NB-PRACH preamble Format 0, the nominal operating SNR is 0.9 dB for achieving 144 dB coverage, see [6]. In our simulations, one of the preambles is received at 0.9 dB SNR and the received SNR of the other preamble is varied according to the near-far ratio. Preamble detection probability for the preamble with received SNR equal to 0.9 dB is shown in Table 2. The received SNR of the other preamble is 0.9+x dB, where x is the near far ratio. It can be seen that with near-far ratio equal to 0 or 5 dB, the detection probability is very similar to that without an interfering preamble. When the near-far ratio is 10 dB, the detection probability drops a bit more, however it is still above 90%. When the near-far ratio is higher than 15 dB, the detection probability of preamble Format 0 drops to 70% and lower. The detection probability for the preamble with a higher received SNR is always close to 100% in all scenarios.

[bookmark: _Ref437887709]Table 2: Format 0 preamble detection probability in the presence of another Format 0 preamble
	Near-Far Ratio
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Detection Probability
	99.8%
	98.6%
	91.8%
	70.0%
	36.8%



Timing advance (TA) estimate performance in near-far scenarios is shown in Figure 3. Here performance of near-far ratios of 0 dB, 5 dB, 10 dB, 15 dB, and 20 dB is shown. The CDF with the tightest range of TA estimation error is the one with 0 dB near-far ratio, and the one with widest range of TA estimation error is the one with 20 dB near-far ratio. When the near-far ratio is 10 dB or below, the TA estimation error is within 4.7 s with close to 100% probability. When the near-far ratio is 15 dB and higher, some realizations of poor TA estimation are observed.
In summary, for NB-PRACH preamble Format 0, the detection performance and TA estimation accuracy are good when the near-far ratio is not more than 10 dB. 
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[bookmark: _Ref437888331]Figure 3: Timing advance estimate accuracy of NB-PRACH preamble Format 0 in near-far scenarios.
Format 1
For NB-PRACH preamble Format 1, the nominal operating SNR is -9.1 dB for achieving 154 dB coverage, see [6]. In our simulations, one of the preambles is received at -9.1 dB SNR and the received SNR of the other preamble is varied according to the near-far ratio. Preamble detection probability for the preamble with received SNR equal to -9.1 dB is shown in Table 3. The received SNR of the other preamble is -9.1+x dB, where x is the near far ratio. It can be seen that with near-far ratio equal to 0 or 5 dB, the detection probability is very similar to that without an interfering preamble. When the near-far ratio is 10 dB, the detection probability drops a bit more, however it is still above 90%. When the near-far ratio is higher than 15 dB, the detection probability of preamble Format 1 drops to lower than 70%. The detection probability for the preamble with a higher received SNR is always close to 100% in all scenarios.
[bookmark: _Ref437949102]Table 3: Format 1 preamble detection probability in the presence of another Format 1 preamble
	Near-Far Ratio
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB

	Detection Probability
	99.6%
	98.5%
	91.4%
	68.9%
	35.9%



Timing advance (TA) estimate performance in near-far scenarios is shown in Figure 4. Here, performance of near-far ratios of 0 dB, 5 dB, 10 dB, 15 dB, and 20 dB is shown. The CDF with the tightest range of TA estimation error is the one with 0 dB near-far ratio, and the one with widest range of TA estimation error is the one with 20 dB near-far ratio. When the near-far ratio is 10 dB or below, the TA estimation error is within 4.7 s with close to 100% probability. When the near-far ratio is 15 dB and higher, some realizations of poor TA estimation are observed.
In summary, for NB-PRACH preamble Format 1, the detection performance and TA estimation accuracy are good when the near-far ratio is not more than 10 dB. 
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[bookmark: _Ref437949320]Figure 4: Timing advance estimate accuracy of NB-PRACH preamble Format 1 in near-far scenarios.

Format 2
For NB-PRACH preamble Format 2, the nominal operating SNR is -4.0 dB for achieving 164 dB coverage, see [6]. In our simulations, one of the preambles is received at -4.0 dB SNR and the received SNR of the other preamble is varied according to the near-far ratio. Preamble detection probability for the preamble with received SNR equal to -4.0 dB is shown in Table 4. The received SNR of the other preamble is -4.0+x dB, where x is the near far ratio. It can be seen that compared to Format 0 and Format 1, NB-PRACH preamble Format 2 is much more robust to the near-far problem. With near-far ratio up to 25 dB, the detection probability for the weaker preamble is higher than 95%. 
[bookmark: _Ref437949534]Table 4: Format 2 preamble detection probability in the presence of another Format 2 preamble
	Near-Far Ratio
	0 dB
	5 dB
	10 dB
	15 dB
	20 dB
	25 dB
	30 dB

	Detection Probability
	99.9%
	99.9%
	99.9%
	99.9%
	99.6%
	96.7%
	81.7%



Timing advance (TA) estimate performance in near-far scenarios is shown in Figure 5. Here, performance of near-far ratios of 0 dB, 5 dB, 10 dB, 15 dB, 20 dB, 25 dB, and 30 dB is shown. The CDF with the tightest range of TA estimation error is the one with 0 dB near-far ratio, and the one with widest range of TA estimation error is the one with 30 dB near-far ratio. When the near-far ratio is 25 dB or below, the TA estimation error is within 30 s with close to 100% probability. When the near-far ratio is 30 dB and higher, some realizations of poor TA estimation are observed.
In summary, for NB-PRACH preamble Format 2, the detection performance and TA estimation accuracy are good when the near-far ratio is not more than 25 dB. 
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[bookmark: _Ref437950092]Figure 5: Timing advance estimate accuracy of NB-PRACH preamble Format 2 in near-far scenarios.

NB-PRACH Preamble power ramping
Based on the near-far performance, it is recommended that slow power ramping is used for NB-PRACH preamble Format 0 and Format 1. With slow power ramping, the UE determines the transmit power of the first preamble transmission based on an estimated path loss and a power backoff factor. The power backoff factor is used to ensure that a UE will not cause a near-far problem due to the path loss estimate being overly pessimistic. If the UE does not hear a random access response (RAR), the UE will increase the transmit power by a smaller step size (e.g. 3 dB). Thus, a slow power ramping is characterized by (1) a power backoff factor for the initial transmission, and (2) a small power ramp-up step size for subsequent transmissions. 
Since Format 2 has a very good near-far performance, a fast power-ramping can be used. A fast power ramping procedure does not require a power backoff for the initial transmission and can use a bigger step size (e.g. 5 dB) for power ramp-up during subsequent transmissions. If Format 2 is only used by users in extreme coverage with 164 dB MCL, UEs will always transmit with the highest power and accordingly power-ramping may not be needed. 
Conclusions
[bookmark: _GoBack]In this contribution, we study the performance of NB-PRACH preamble detection when two different preambles are transmitted at the same time with different power levels. It is found that NB-PRACH preamble Format 0 and Format 1 according to [6] is robust to a near-far ratio up to 10 dB, when the preambles are generated with mod Pi phase interpolation approach. This requires a slower power ramping to be applied to the transmission of NB-PRACH preambles under either Format 0 or Format 1. A slow power ramping procedure is characterized by (1) a power backoff factor for the initial transmission, and (2) a small power ramp-up step size for subsequent transmissions. The mod Pi phase interpolation approach for converting the Zadoff-Chu sequence to a higher sampling rate is motivated by keeping the PAPR low after up-sampling, see [7]. The mod Pi phase interpolation approach however does sacrifice the near-far performance compared to the FFT-based interpolation approach. Thus, for Zadoff-Chu sequence based NB-PRACH preamble design, the trade-off between near-far performance and PAPR need to be considered.
NB-PRACH preamble Format 2 according to [6] has superior near-far performance, and thus a fast power-ramping procedure can be used, or not needed if it is only used by users with 164 dB MCL. A fast power ramping procedure does not require a power backoff for the initial transmission and can use a bigger step size for power ramp-up during subsequent transmissions.
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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]. 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 is the maximum round - trip delay in the cell  of size 35 km. The  additional + -   5.2 us accounts for the  residual timing errors in NB - LTE cell search   [5] .  The timing  uncertainty is drawn based on uniform user location in a  hexagona l cell of size 35 km.   Note 2: 99% frequency errors are within 50 Hz in NB - LTE  cell search   [5] .   
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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]. 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 is the maximum round-trip delay in the cell of size 35 km. The additional +- 5.2 us accounts for the residual timing errors in NB-LTE cell search [5]. The timing uncertainty is drawn based on uniform user location in a hexagonal cell of size 35 km.

Note 2: 99% frequency errors are within 50 Hz in NB-LTE cell search [5]. 
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