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1 Introduction
At GERAN #64 a narrowband OFDMA [1] concept for GERAN Cellular IoT was proposed and both performance and structure of the random access channel was shown in [2]. This paper presents the system capacity of the random access channel for frequency re-use of 1. System capacity of the random access for other frequency re-use patterns is FFS.
2 Discussions
In the design of NB-OFDMA [2], Physical Random Access Channel (PRACH) transmission takes the same form as other uplink channels except it is limited within the first 24 slots with extended cyclic prefix (CP) and it has more pilots for accurate time of arrival estimation. This ensures minimal interference between PRACH and other uplink channels.
A cell selects one of a few pre-defined PRACH allocations and broadcasts the allocation over the Physical Broadcast Channel (PBCH). Neighboring cells may allocate PRACH at different tones and/or using different hopping patterns to avoid inter-cell interference among PRACH transmissions. 
Each PRACH transmission occupies one tone over 2 to 12 slots, according to the chosen modulation and coding scheme (MCS). Stationary mobile stations are expected to store the measured channel path loss in memory and choose the MCS accordingly for PRACH access. It is proposed to have target packet error rate (PER) of 5% for PRACH. The defined MCS and corresponding path loss for 5% PER over TU-1 Hz channel is given in Table 1. 
Table 1 MCS and Path Loss.

	Modulation and Coding Scheme
	1
	2
	3
	4

	Modulation
	QPSK
	BPSK
	BPSK
	BPSK

	Coding Rate
	3/5
	3/5
	2/5
	1/5

	Number of Slots
	2
	4
	6
	12

	Required SINR

for 5% PER
	8.5
	5.5
	3.3
	-0.5

	Coupling Loss (dB)
	<150
	≥150, <153
	≥153, <156
	156<


3 Simulation Configuration

3.1 Traffic Model

A total of 100K mobile stations per sector (or equivalently, 5.7 million mobile stations in simulation area) are assumed and their PRACH access inter-arrival times are according to the agreed traffic model in [3] [4] and shown in Table 2.

Table 2 Distribution of PRACH inter-arrival times
	Period
	% of devices

	1 day
	40

	2 hours
	40

	1 hour
	15

	30 mins
	5


3.2 Channel Model

The channel model with two building penetration loss scenarios defined in [3] [4] is adopted. 
3.3 System Model

Simulation area of 57 sectors in standard two-tier deployment with wrap around and reuse 1 is assumed. Cell radius is 3 km. Neighbouring sectors allocate different tones for PRACH in a Reuse-3 pattern; tones not allocated to PRACH are given to PUSCH. We assume PUSCH is fully loaded (for the purpose of inter-cell interference) and PUSCH power control parameters are P0=-133dBm and =1.
3.4 PRACH Procedure

At the first PRACH attempt, MS determines the transmission power using open loop power control with parameters P0=-127dBm and =1. The MS selects MCS according to Table 1 and a random PRACH segment among those defined for the corresponding MCS. After each PRACH failure, the MS increases it’s transmit power by 2 dB (up to a maximum of 23dBm) or increases its MCS index by 1 otherwise. A MS may try up to 5 times before declaring failure.
According to the path loss model a total of 20 tones are allocated that leads to 156 PRACH segments per frame as given by Table 3. 
Table 3 Proposed PRACH Allocation.
	Modulation and Coding Scheme
	1
	2
	3
	4

	Number of Tones
	10
	3
	2
	5

	Number of PRACH Segments
	120
	18
	8
	10


4 Simulation Results
Building Penetration Loss Scenarios 1 and 2 (see [3][4]) were simulated and the results are nearly identical for both. PRACH failure rate, i.e., failure after the maximum number (5) of transmissions, is <0.1%.  The CDF of number of transmissions until success by a UE is given in Figure 1.
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Figure 1: CDF of 'number of PRACH transmission until success' by a UE

Since results for Scenarios 1 and 2 are nearly identical, rest of this document only presents results for the so-called aggressive scenario 2. Figure 2 captures the load on PRACH channel, blue curve shows the load due to mobile stations transmitting the 1st PRACH and the red curve shows total load including all PRACHs by mobile station for requesting PUSCH resources. The median for the load from first PRACH and for the total load are 740 and 860 mobile stations per frame, respectively, in simulation area (57 sectors).
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Figure 2: CDF of 'number of UEs transmitting on PRACH per frame' in simulation area (57 sectors). Gap between the two curves shows the backlog of UEs who fail on 1st transmission.
5 Summary

This document presents PRACH capacity of NB-OFDMA. It is shown that with 20 tones allocated during the first 24 extended slots, PRACH failure rate is less than 0.1% for cell sites of 3 km radius serving 300K mobile stations each. Furthermore, it is shown that intra-cell collision is the main cause (75%) of the failure of the first RACH attempts.
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