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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
[bookmark: _GoBack]To maintain orthogonality between NB-PUSCH’s with 15 kHz subcarrier spacing, accurate timing advance for aligning the uplink subframe boundary among different UEs is needed. Thus, NB-PRACH has to be designed accordingly. In [3-4], 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
In RAN1 NB-IoT ad hoc meeting, it was agreed that “Support one PRACH scheme for all MCL cases [5].” Also, as a working assumption, “PRACH scheme is based on single-tone transmission [5].” Thus, our evaluations are based on single-tone frequency-hopping transmissions [3-4]. Specifically, the designs according to Table 1 are used. More details can be found in [3-4].





[bookmark: _Ref442344820]Table 1: Example design for single tone frequency hopping NB-PRACH
	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
	12 tones

	
	154
	3.75
	266.7
	5
	24
	1 tone micro hopping + pseudo random hopping
	12 tones

	
	164
	3.75
	266.7
	5
	120
	1 tone micro hopping + pseudo random hopping
	12 tones

	Remark 1: Pseudo random hopping is based on LTE PUSCH type 2 hopping.



Simulation setup
The simulation assumptions used are based on the ones outlined in [6] and are summarized in Table 2. The only simulation assumption that is different from the ones in [6] is the frequency offset. In [6], 50 Hz was assumed, however to verify the robustness of NB-PRACH design in the presence of a larger frequency offset, we use 100 Hz in our analysis.

[bookmark: _Ref442358137]Table 2: Simulation parameters
	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


	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 the cell search. The timing uncertainty is drawn based on uniform user location in a hexagonal cell of size 35 km.



To analyse the robustness to the near-far problem, two different NB-PRACH preambles are transmitted by two different UEs with different received power levels. Here, two different preambles mean that the two transmissions use two different logical tones in NB-PRACH band. The difference in averaged received power in dB is referred to as the near-far ratio. Since the two NB-PRACH preambles are transmitted through independent fading channels, the difference in instantaneous power levels may be larger than the near-far ratio. The performance of time-of-arrival estimation of the weaker received performance is analysed.
Simulation results
The near-far performance of preambles designed for 144 dB MCL (see Table 1) is shown in Figure 1. Each curve corresponds to one near-far ratio. It can be seen that the design is robust to near-far ratios up to 20 dB since the ToA estimation error falls within [-5, 5] s with more than 99% probability. The ToA estimation performance with 25 dB near-far ratio (purple line) might be also acceptable, although some small percentage of outliers of ToA estimation error is observed.
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[bookmark: _Ref437888331]Figure 1: Timing advance estimate accuracy of NB-PRACH preamble designed for 144 dB MCL in near-far scenarios. (Performance of weaker received NB-PRACH preamble, 100 Hz frequency offset)
Near-far performance of preambles designed for extended coverage, 154 dB and 164 dB MCL, is shown in Figure 2 and Figure 3. Due to that the number of symbol groups is increased (see Table 1) for preambles designed for extended coverage, they are more robust to the near-far problem. As seen in Figure 2 and Figure 3, preambles designed for 154 dB MCL achieve good ToA estimation accuracy with near-far ratios up to 25 dB, and preambles designed for 164 dB MCL achieve good ToA estimation accuracy with near-far ratios up to 30 dB.
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[bookmark: _Ref442357127]Figure 2: Timing advance estimate accuracy of NB-PRACH preamble designed for 154 dB MCL in near-far scenarios. (Performance of weaker received NB-PRACH preamble, 100 Hz frequency offset)
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[bookmark: _Ref442357129]Figure 3: Timing advance estimate accuracy of NB-PRACH preamble designed for 164 dB MCL in near-far scenarios. (Performance of weaker received NB-PRACH preamble, 100 Hz frequency offset)
Conclusions
In this contribution, we study the performance of NB-PRACH preamble detection when two different preambles are received at the same time with different power levels. It is found that the NB-PRACH preamble design based on [3-4] has good near-far performance.

Observation 1:
· Preambles designed for 144 dB MCL are robust to a near-far ratio up to 20 dB.
· Preambles designed for 154 dB MCL are robust to a near-far ratio up to 25 dB.
· Preambles designed for 164 dB MCL are robust to a near-far ratio up to 30 dB.
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