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1 Introduction
This contribution contains an initial analysis of the PRACH capacity for NB-IoT, showing that a LTE-based RACH design can fulfil the NB-IoT RACH capacity requirements, as derived from the GERAN TR [1].
2 Assumptions
Some assumptions are needed on the traffic model and specifically on the expected number of random access attempts per second. From Table E.1-1 in the GERAN TR [1]:
Table E.1-1: Device density assumption per cell

	Case
	Household Density per Sq km
	Inter-site Distance (ISD) (m) 
	Number of devices within a household
	Number of devices within a cell site sector

	Urban
	1517
	1732 m
	40
	52547


The first assumption is that there will be a maximum of 52547 devices per cell. 
Additionally, from Table E.2-1 of [1]:
Table E.2-1: MAR periodic UL reporting traffic model

	Characteristic
	

	Application payload size distribution
	Pareto distribution with shape parameter alpha = 2.5 and minimum application payload size = 20 bytes with a cut off of 200 bytes i.e. payloads higher than 200 bytes are assumed to be 200 bytes.

	Periodic inter-arrival time
	Split of inter-arrival time periodicity for MAR periodic is:  1 day (40%), 2 hours (40%), 1 hour (15%), and 30 minutes (5%)


Further assuming only MAR periodic UL reporting in the cell, an expected Random Access intensity of 5.79 access attempts per second can be derived.
Another assumption that needs to be made is on the distribution of UEs among the 3 different coverage levels. Some pessimistic scenarios can be considered, e.g. where UEs are distributed according to the following ratios: 40% in basic coverage (144 dB MCL), 40% in robust coverage (154 dB MCL) and 20% in extreme coverage (164 dB MCL); or even 33% for each coverage level. Assuming to have 3 different sets of PRACH resources and formats for different coverage levels, in the first case (40%/40%/20%) this implies a RACH intensity of 2.32 access attempts per second on PRACH format 0 resources,  2.32 access attempts per second on PRACH format 1 resources and 1.16 access attempts per second on PRACH format 2 resources. In the second case (33% UEs in each coverage level) there is a RACH intensity of 1.93 access attempts per second on each set of PRACH resources.
With the random access design suggested in [2], and assuming a common PRACH period (i.e. for all PRACH formats) of 320 ms or 640 ms, the number of available random access opportunities is shown in Table 1 (assuming that no preamble is reserved for contention-free RACH procedure):
Table 1: available random access opportunities
	
	Format 0
	Format 1
	Format 2

	PRACH period: 320ms
	200
	200
	100

	PRACH period: 640ms
	100
	100
	50


Note that in the first case (PRACH period of 320ms) almost 30% of UL resources ((4ms*80Hz + 4ms*80Hz*12 + 160ms*2.5Hz*32) / (320ms*180Hz) = 29.44%) would be reserved for PRACH. In the second case (PRACH period of 640 ms), 15% of UL resources would be dedicated to PRACH. In both cases this is not considered as an issue in a system where for any RACH procedure there is only one UL data packet to be transmitted.
Based on the assumptions above, cell-level simulations are then considered to determine:
1. The collision probability, defined as the ratio between the number of occurrences when two or more UEs perform a random access attempt using exactly the same PRACH resource and the overall number of random access opportunities.
2. The access success probability, defined as the probability to successfully get a confirmation from the network (i.e. receive message 2) within a predefined maximum number of RACH transmission attempts (set to 5 in the simulations).
3. Statistics of the number of required RACH transmission attempts to perform a successful access.
Where other key factors affecting the results are:

· The expected behavior in case of collision. For simplicity, in the simulations the assumption is that if two (or more) NB-IoT devices select the same PRACH resource at the same time, the eNB will not be able to decode any of them and will not send a RA response.
· The detection probability, in case of no collision.
In [2] the detection rate for all the different PRACH formats was already estimated around 99%. In this contribution the assumption is that no power ramping is performed and maximum TX power is always applied, for all the PRACH formats. Assuming no power ramping, a detection probability of 99% is assumed for the case of no collision, when neglecting inter-cell interference. However, to consider the impact of inter-cell interference as well, a detection probability of 90% is also considered.
3 Simulation results

The following tables show the simulation results for the different UEs distribution among the 3 different coverage levels, different PRACH periods and for the 2 considered values of detection probability.

Table 2: Simulation results for UE distribution: 40%, 40%, 20%; PRACH period: 320 ms
	 detection probability
	Performance measure
	On PRACH formats 0 & 1
	On PRACH format 2

	99%
	Collision Probability
	0.72%
	0.72%

	
	Access Success Probability
	100%
	100%

	
	Probability of 1 RACH TX 
	97.64%
	97.63%

	
	Probability of 2 RACH TX
	2.29%
	2.28%

	
	Probability of 3+ RACH TX
	0.07%
	0.09%

	90%
	Collision Probability
	0.78%
	0.81%

	
	Access Success Probability
	99.998%
	99.997%

	
	Probability of 1 RACH TX 
	88.61%
	88.6%

	
	Probability of 2 RACH TX
	10.1 %
	10.05%

	
	Probability of 3+ RACH TX
	1.29%
	1.35%


Table 3: Simulation results for UE distribution: 40%, 40%, 20%; PRACH period: 640 ms
	detection probability
	Performance measure
	On PRACH formats 0 & 1
	On PRACH format 2

	99%
	Collision Probability
	1.39%
	1.39%

	
	Access Success Probability
	99.999%
	99.998%

	
	Probability of 1 RACH TX 
	96.36%
	96.36%

	
	Probability of 2 RACH TX
	3.46%
	3.44%

	
	Probability of 3+ RACH TX
	0.18%
	0.2%

	90%
	Collision Probability
	1.56%
	1.62%

	
	Access Success Probability
	99.996%
	99.996%

	
	Probability of 1 RACH TX 
	87.26%
	87.28%

	
	Probability of 2 RACH TX
	11.11 %
	10.95%

	
	Probability of 3+ RACH TX
	1.63%
	1.77%


Table 4: Simulation results for UE distribution: 33%, 33%, 33%; PRACH period: 320 ms
	detection probability
	Performance measure
	On PRACH formats 0 & 1
	On PRACH format 2

	99%
	Collision Probability
	0.59%
	1.24%

	
	Access Success Probability
	100%
	100%

	
	Probability of 1 RACH TX 
	97.9%
	96.71%

	
	Probability of 2 RACH TX
	2.03%
	3.09%

	
	Probability of 3+ RACH TX
	0.07%
	0.20%

	90%
	Collision Probability
	0.65%
	1.36%

	
	Access Success Probability
	99.997%
	99.995%

	
	Probability of 1 RACH TX 
	88.94%
	87.74%

	
	Probability of 2 RACH TX
	9.81 %
	10.67%

	
	Probability of 3+ RACH TX
	1.25%
	1.59%


Table 5: Simulation results for UE distribution: 33%, 33%, 33%; PRACH period: 640 ms
	detection probability
	Performance measure
	On PRACH formats 0 & 1
	On PRACH format 2

	99%
	Collision Probability
	1.15%
	2.48%

	
	Access Success Probability
	100%
	99.999%

	
	Probability of 1 RACH TX 
	96.77%
	94.35%

	
	Probability of 2 RACH TX
	3.09%
	5.19%

	
	Probability of 3+ RACH TX
	0.14%
	0.46%

	90%
	Collision Probability
	1.29%
	2.76%

	
	Access Success Probability
	99.993%
	99.988%

	
	Probability of 1 RACH TX 
	87.8%
	85.42%

	
	Probability of 2 RACH TX
	10.68 %
	12.26%

	
	Probability of 3+ RACH TX
	1.52%
	2.32%


It can be noted that even in the worst case of longer PRACH period (leading to fewer random access opportunities) and higher RACH intensity (as in the right column of Table 5), the overall performance is still very good, both in terms of access success probability and required random access transmission attempts.
4 Conclusions
A LTE-based RACH design, as defined in [2], can fulfil the required NB-IoT RACH capacity (as derived from [1]).
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