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1
Introduction

At the RAN2#71 meeting, it was decided to focus on RACH related simulations to evaluate the handling of RACH overload scenarios due to MTC device operation. In this contribution, we evaluate the RACH capacity for MTC in UMTS due to time limited deterministic events [1]. In addition to the simulation assumptions [2] being discussed on the RAN2 email reflector [R2-71#52], we also propose an optimized set of parameters for the PRACH procedure in UMTS that are applicable towards handling high overload scenarios. Both legacy RACH (pre-Release 8) and EUL in CELL_FACH (Release 8 and beyond) are considered in this analysis.
2
UMTS MTC Simulation Assumptions
This section summarizes the simulation assumptions for RACH capacity evaluation of the current system (without enhancements) for UMTS FDD.

2.1
Simulation methodology
1) In a single cell environment.

2) No background H2H traffic.

3) Random access contention is modelled as RACH loss, i.e. both MTC devices retransmit in case of collision.

4) In case of no collision, 
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 preamble detection probability is assumed (where i indicates the i-th preamble transmission), to take into account the effects of the radio channel (path-loss, fading, inter-cell interference, Tx-Power limitation, etc.).
2.2
Simulation parameters
2.2.1
UMTS FDD

The basic simulation assumptions for UMTS FDD are listed in Table 1. Note that in addition to the baseline parameter settings as proposed in [2], we also propose a few additional RACH procedure parameters that are more appropriate towards handling high RACH overload scenarios [1]. Furthermore, Table 1 contains parameter settings for the EUL in CELL_FACH based RACH procedure.
It is assumed that the accompanied RRC signalling for MTC devices are not considered in the simulation.
Table 1: Basic simulation assumptions for UMTS FDD

	Parameter
	Setting

	Number of MTC devices
	1000, 3000, 5000, 10000, 30000

	MTC devices arrival distribution
	Uniform distribution over 60s,

Beta distribution (see [2]) over 10s

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission

	NB01min
	0

	NB01max
	30

	Maximum number of preamble retransmissions
	5

	Max number of Preamble Ramping cycles
	3, 8, 13

	Dynamic persistence value
	0.3, 0.0015625

	Number of signatures per PRACH
	8, 16

	Number of PRACH
	1

	Available access slots
	All

	RACH TTI
	20 ms

	EUL in CELL_FACH
	

	E-DCH TTI
	2ms

	Number of common E-DCH resources
	8, 16, 32

	E-DCH ON time
	30 ms


2.3
Output for Analysis
The following performance measures could be considered for the analysis of RACH performance for MTC:

1) Collision Probability, defined as the ratio between the number of occurrences when two or more devices send a RA attempt using exactly the same preamble and the overall number of opportunities (with or without access attempts) in the period.

2) Access Success Probability, defined as the probability to successfully complete the random access procedure within the maximum number of preamble transmissions.

3) Statistics of Number of Preamble Transmissions, defined as the CDF of the number of preamble transmissions to perform a random access procedure, for the successfully accessed MTC devices.

4) Access Delay Statistics, defined as the CDF of the delay, for each random access procedure, between the first RA attempt and the completion of the random access procedure, for the successfully accessed MTC devices. 
5) Number of simultaneous transmissions, defined as the 
a) CDF of the number of devices transmitting simultaneously in an access slot. The transmission may be due to either an access preamble or pilot only or pilot AND data transmissions in an access slot.
b) CDF of the number of devices transmitting access preamble transmissions in an access slot
c) CDF of the number of devices transmitting pilot or pilot AND data in an access slot.
All these statistics should be collected for the period of time between the activation of the first MTC device and the (successful or unsuccessful) completion of the last random access procedure triggered by a MTC device. A successful completion of one random access procedure means the complete of RACH message part.

3
RACH Capacity Evaluation for MTC in UMTS
3.1
Legacy RACH

3.1.1
Baseline Parameters
Table 1: Baseline Parameters for Legacy RACH
	Parameter
	Setting

	Maximum number of preamble retransmissions
	5

	Max number of Preamble Ramping cycles
	3

	Dynamic persistence value
	0.3

	Number of signatures per PRACH
	8


Table 2: Collision Probability and Access Success Probability- Legacy RACH (Baseline Parameters)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	0.007% 
	0.09% 
	0.3% 
	2% 
	47% 
	

	
	
	Access Success Probability
	99% 
	99% 
	98% 
	89% 
	49.8% 
	

	
	Beta distribution over 10s
	Collision Probability
	1.5% 
	26% 
	48% 
	67% 
	80% 
	

	
	
	Access Success Probability
	89% 
	55% 
	37% 
	15% 
	2% 
	


Table 3: Statistics of Number of Preamble Transmissions- Legacy RACH (Baseline Parameters)
	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.5 
	1.7 
	1.9 
	2.3 
	3.8 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	2 
	3 
	3 
	4 
	7 
	

	
	Beta
distribution over 10s
	Average
	2.2 
	3.5 
	4.6 
	5.8 
	5.2 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	4 
	7 
	10 
	13 
	12 
	


Table 4: Access Delay Statistics- Legacy RACH (Baseline Parameters)
	Company
	Distribution
	Access Delay [ms]
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	37.8 
	60.4 
	83.1 
	128.8 
	186.9 
	

	
	
	10th percentile
	25.3 
	25.3 
	25.3 
	25.3 
	25.3 
	

	
	
	90th percentile
	36 
	182.7 
	276 
	353.3 
	442.7 
	

	
	Beta
distribution over 10s
	Average
	119.4 
	169.9 
	157.9 
	138.6 
	149.5 
	

	
	
	10th percentile
	25.3 
	25.3 
	25.3 
	25.3 
	25.3 
	

	
	
	90th percentile
	342.7 
	421.3 
	389.3 
	346.7 
	373.3 
	


3.1.2
Optimized Parameters

Table 5: Optimized Parameters for Legacy RACH
	Parameter
	Setting

	Max number of Preamble Ramping cycles
	13

	Dynamic persistence value
	0.0015625

	Number of signatures per PRACH
	16


Table 6: Collision Probability and Access Success Probability- Legacy RACH (Optimized Parameters)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	0.0036%
	0.023%
	0.064%
	0.32%
	7.33%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	100%
	99.98%
	

	
	Beta distribution over 10s
	Collision Probability
	0.049%
	0.42%
	1.15%
	4.3%
	24.39%
	

	
	
	Access Success Probability
	100%
	100%
	100%
	100%
	99.48%
	


Table 7: Statistics of Number of Preamble Transmissions- Legacy RACH (Optimized Parameters)
	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.47
	1.55
	1.64
	1.93
	4.025
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	2
	2
	3
	3
	8
	

	
	Beta
distribution over 10s
	Average
	1.76
	2.35
	2.88
	4.27
	14.98
	

	
	
	10th percentile
	1
	1
	1
	1
	6
	

	
	
	90th percentile
	3
	4
	5
	8
	25
	


Table 8: Access Delay Statistics- Legacy RACH (Optimized Parameters)
	Company
	Distribution
	Access Delay [s]
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	0.22
	0.64
	1.0483
	2.32
	10.59
	

	
	
	10th percentile
	25.33e-3
	25.33e-3
	25.33e-3
	25e-3
	25e-3
	

	
	
	90th percentile
	30.67e-3
	36e-3
	2.16
	8.58
	31.37
	

	
	Beta
distribution over 10s
	Average
	1.61
	4.1
	6.18
	10.6
	28.1
	

	
	
	10th percentile
	25.33e-3
	25.33e-3
	25.33e-3
	25.33e-3
	2.05
	

	
	
	90th percentile
	6.05
	13.25
	17.52
	25.64
	55.9
	


Table 9: Statistics of number of simultaneous transmissions – Legacy RACH (Optimized Parameters)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	3 
	5 
	7 
	17 
	

	
	Beta
distribution over 10s
	95th percentile
	5 
	9 
	12 
	17 
	40 
	


Table 10: Statistics of number of simultaneous preamble transmissions – Legacy RACH (Optimized Parameters)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	0 
	1 
	1 
	1 
	5 
	

	
	Beta
distribution over 10s
	95th percentile
	1 
	1 
	2 
	4 
	22 
	


Table 11: Statistics of number of simultaneous pilot/data transmissions – Legacy RACH (Optimized Parameters)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	3 
	4 
	7 
	13 
	

	
	Beta
distribution over 10s
	95th percentile
	4 
	8 
	10 
	13 
	15 
	


3.2
EUL in CELL_FACH

3.2.1
Baseline Parameters

Table 12: Baseline Parameters for EUL in CELL_FACH
	Parameter
	Setting

	Maximum number of preamble retransmissions
	5

	Max number of Preamble Ramping cycles
	3

	Dynamic persistence value
	0.3

	Number of signatures per PRACH
	8


Table 13: Collision Probability and Access Success Probability- EUL in CELL_FACH (Baseline Parameters)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	7e-5 
	6e-4 
	2e-3 
	7e-3 
	0.27 
	

	
	
	Access Success Probability
	1 
	1 
	1 
	1 
	0.8 
	

	
	Beta distribution over 10s
	Collision Probability
	4e-3 
	0.16 
	0.42 
	0.63 
	0.79 
	

	
	
	Access Success Probability
	1 
	0.82 
	0.56 
	0.23 
	0.03 
	


Table 14: Statistics of Number of Preamble Transmissions- EUL in CELL_FACH (Baseline Parameters)
	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.4 
	1.4 
	1.4 
	1.5 
	2.97 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	2 
	2 
	2 
	2 
	6 
	

	
	Beta
distribution over 10s
	Average
	1.5 
	2.65 
	4 
	5.5 
	4.7 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	2 
	5 
	9 
	13 
	11 
	


Table 15: Access Delay Statistics- EUL in CELL_FACH (Baseline Parameters)
	Company
	Distribution
	Access Delay [ms]
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	79.6 
	79.6 
	79.7 
	79.9 
	198 
	

	
	
	10th percentile
	77.3 
	77.3 
	77.3 
	77.3 
	77.3 
	

	
	
	90th percentile
	82.7 
	82.7 
	82.7 
	82.7 
	434.7 
	

	
	Beta
distribution over 10s
	Average
	79.8 
	165.2 
	177.8 
	164 
	172.9 
	

	
	
	10th percentile
	77.3 
	77.3 
	77.3 
	77.3 
	77.3 
	

	
	
	90th percentile
	82.7 
	394.7 
	400 
	348 
	382.7 
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Figure 1: Collision probability (uniform): Baseline
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Figure 2: Access Sucess probability (uniform): Baseline 
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Figure 3: Average Access Delay for succesful devices (uniform): Baseline
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Figure 4: Collision probability (Beta): Baseline 
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Figure 5: Access Sucess probability (beta): Baseline
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Figure 6: Average Access Delay for succesful devices (beta): Baseline
3.2.2
Optimized Parameters #1
Table 16: Optimized Parameters for EUL in CELL_FACH
	Parameter
	Setting

	Max number of Preamble Ramping cycles
	8

	Dynamic persistence value
	0.0015625

	Number of signatures per PRACH
	16

	Number of E-DCH resources
	32


Table 17: Collision Probability and Access Success Probability-EUL in CELL_FACH (Optimized Parameters #1)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	  4.2e-5
	3.09e-4
	8.56e-4
	0.0034
	0.0247
	

	
	
	Access Success Probability
	1.0
	1.0
	1.0
	1.0
	1.0
	

	
	Beta distribution over 10s
	Collision Probability
	0.0021
	0.0062
	0.0099
	0.0388
	0.2013
	

	
	
	Access Success Probability
	1.0
	1.0
	1.0
	1.0
	0.9934
	


Table 18: Statistics of Number of Preamble Transmissions- EUL in CELL_FACH (Optimized Parameters #1)
	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.4313
	1.426
	1.4356
	1.4478
	1.4995
	

	
	
	10th percentile
	1
	1
	1
	1
	1
	

	
	
	90th percentile
	2
	2
	2
	2
	2
	

	
	Beta
distribution over 10s
	Average
	1.4454
	1.4982
	1.7959
	2.4844
	10.5628
	

	
	
	10th percentile
	1
	1
	1
	1
	3
	

	
	
	90th percentile
	2
	2
	3
	5
	18
	


Table 19: Access Delay Statistics- EUL in CELL_FACH (Optimized Parameters #1)
	Company
	Distribution
	Access Delay [s]
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	39.71e-3
	39.6e-3
	39.66e-3
	39.72e-3
	52.81e-3
	

	
	
	10th percentile
	37.33e-3
	37.33e-3
	37.33e-3
	37.33e-3
	37.33e-3
	

	
	
	90th percentile
	42.67e-3
	42.67e-3
	42.67e-3
	42.67e-3
	42.6e-3
	

	
	Beta
distribution over 10s
	Average
	39.63e-3
	93.6e-3
	1.172
	4.567
	15.24
	

	
	
	10th percentile
	37.33e-3
	37.33e-3
	37.33e-3
	37.33e-3
	53.33e-3
	

	
	
	90th percentile
	42.67e-3
	42.67e-3
	3.547
	13.4
	30.668
	


Table 20: Statistics of number of simultaneous transmissions - EUL in CELL_FACH (Optimized Parameters #1)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	5 
	7 
	12 
	27 
	

	
	Beta
distribution over 10s
	95th percentile
	11 
	24 
	30 
	37 
	62 
	


Table 21: Statistics of number of simultaneous preamble transmissions - EUL in CELL_FACH (Optimized Parameters #1)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	1 
	1 
	1 
	2 
	3 
	

	
	Beta
distribution over 10s
	95th percentile
	1 
	2 
	2 
	4 
	35 
	


Table 22: Statistics of number of simultaneous pilot/data transmissions - EUL in CELL_FACH (Optimized Parameters #1)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	4 
	7 
	11 
	27 
	

	
	Beta
distribution over 10s
	95th percentile
	10 
	23 
	29 
	32 
	32 
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Figure 7: Collision probability (uniform): Optimized
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Figure 8: Access Sucess probability (uniform): Optimized 
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Figure 9: Average Access Delay for succesful devices (uniform): Optimized
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Figure 10: Collision probability (Beta): Optimized
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Figure 11: Access Sucess probability (beta): Optimized
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Figure 12: Average Access Delay for succesful devices (beta): Optimized
3.2.3
Optimized Parameters #2

Table 23: Optimized Parameters for EUL in CELL_FACH
	Parameter
	Setting

	Max number of Preamble Ramping cycles
	13

	Dynamic persistence value
	0.0015625

	Number of signatures per PRACH
	16

	Number of E-DCH resources
	16


Table 24: Collision Probability and Access Success Probability-EUL in CELL_FACH (Optimized Parameters #2)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	3.1e-3% 
	2.9e-2% 
	8.6e-2% 
	0.29% 
	6% 
	

	
	
	Access Success Probability
	100% 
	100% 
	100% 
	100% 
	99% 
	

	
	Beta distribution over 10s
	Collision Probability
	0.17% 
	0.4% 
	1.2% 
	4.8% 
	28% 
	

	
	
	Access Success Probability
	100% 
	100% 
	100% 
	100% 
	98% 
	


Table 25: Statistics of Number of Preamble Transmissions- EUL in CELL_FACH (Optimized Parameters #2)
	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.41 
	1.42 
	1.43 
	1.44 
	3.47 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	1 
	

	
	
	90th percentile
	2 
	2 
	2 
	2 
	7 
	

	
	Beta
distribution over 10s
	Average
	1.44 
	1.95 
	2.57 
	4.13 
	16.35 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	6 
	

	
	
	90th percentile
	2 
	3 
	5 
	7 
	27 
	


Table 26: Access Delay Statistics- EUL in CELL_FACH (Optimized Parameters #2)
	Company
	Distribution
	Access Delay [s]
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	39.5e-3 
	39.6e-3 
	39.6e-3
	45.9e-3 
	8.3 
	

	
	
	10th percentile
	37.3e-3
	37.3e-3
	37.3e-3
	37.3e-3
	37.3e-3
	

	
	
	90th percentile
	42.7e-3 
	42.7e-3
	42.7e-3 
	42.7e-3
	2.6e4 
	

	
	Beta
distribution over 10s
	Average
	53.28e-3
	2.2
	4.7 
	9.8 
	32
	

	
	
	10th percentile
	37.3e-3
	37.3e-3
	37.3e-3
	37.3e-3
	2.7 
	

	
	
	90th percentile
	42.6e-3
	8 
	13.7
	21.9
	61.2
	


Table 27: Statistics of number of simultaneous transmissions - EUL in CELL_FACH (Optimized Parameters #2)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	5 
	7 
	11 
	20 
	

	
	Beta
distribution over 10s
	95th percentile
	10 
	16 
	17 
	20 
	40 
	


Table 28: Statistics of number of simultaneous preamble transmissions - EUL in CELL_FACH (Optimized Parameters #2)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	0 
	1 
	1 
	1 
	4 
	

	
	Beta
distribution over 10s
	95th percentile
	1 
	1 
	2 
	4 
	20 
	


Table 29: Statistics of number of simultaneous pilot/data transmissions - EUL in CELL_FACH (Optimized Parameters #2)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	5 
	6 
	11 
	16 
	

	
	Beta
distribution over 10s
	95th percentile
	10 
	15 
	16 
	16 
	16 
	


3.2.3
Optimized Parameters #3
Table 30: Optimized Parameters for EUL in CELL_FACH
	Parameter
	Setting

	Max number of Preamble Ramping cycles
	26

	Dynamic persistence value
	0.0015625

	Number of signatures per PRACH
	16

	Number of E-DCH resources
	8


Table 31: Collision Probability and Access Success Probability-EUL in CELL_FACH (Optimized Parameters #3)
	Company
	Distribution
	Performance measures
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform distribution over 60s
	Collision Probability
	2.8e-3% 
	2.4e-2% 
	6e-2% 
	0.3% 
	22.9% 
	

	
	
	Access Success Probability
	100% 
	100% 
	100% 
	100% 
	99.9% 
	

	
	Beta distribution over 10s
	Collision Probability
	6e-2% 
	0.46% 
	1.4% 
	5.9% 
	36.9% 
	

	
	
	Access Success Probability
	100% 
	100% 
	100% 
	100% 
	99.2% 
	


Table 32: Statistics of Number of Preamble Transmissions- EUL in CELL_FACH (Optimized Parameters #3)
	Company
	Distribution
	Number of preamble transmissions
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	1.4 
	1.4 
	1.44 
	1.88 
	13.2 
	

	
	
	10th percentile
	1 
	1 
	1 
	1 
	2 
	

	
	
	90th percentile
	2 
	2 
	2 
	3 
	28 
	

	
	Beta
distribution over 10s
	Average
	1.65 
	2.78 
	3.82 
	6.87 
	28.65 
	

	
	
	10th percentile
	1 
	1 
	1 
	2 
	10 
	

	
	
	90th percentile
	3 
	5 
	7 
	12 
	47 
	


Table 33: Access Delay Statistics- EUL in CELL_FACH (Optimized Parameters #3)
	Company
	Distribution
	Access Delay [s]
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	Average
	39.5e-3 
	43.23e-3 
	114 
	2.14 
	43 
	

	
	
	10th percentile
	37.3e-3 
	37.3e-3
	37.3e-3 
	37.3e-3
	42.7e-3
	

	
	
	90th percentile
	42.7e-3
	42.7e-3
	42.7e-3 
	7.8
	99
	

	
	Beta
distribution over 10s
	Average
	1.2 
	6.2 
	10
	21
	68.4
	

	
	
	10th percentile
	37.3e-3
	37.3e-3
	37.3e-3 
	48 
	10
	

	
	
	90th percentile
	3.5 
	16 
	23 
	42
	126
	


Table 34: Statistics of number of simultaneous transmissions - EUL in CELL_FACH (Optimized Parameters #3)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	5 
	6 
	9 
	17 
	

	
	Beta
distribution over 10s
	95th percentile
	7 
	9 
	10 
	12 
	30 
	


Table 35: Statistics of number of simultaneous preamble transmissions - EUL in CELL_FACH (Optimized Parameters #3)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	1 
	1 
	1 
	1 
	9 
	

	
	Beta
distribution over 10s
	95th percentile
	1 
	1 
	2 
	4 
	20 
	


Table 36: Statistics of number of simultaneous pilot/data transmissions - EUL in CELL_FACH (Optimized Parameters #3)
	Company
	Distribution
	No of devices transmitting simultaneously 
	Number of MTC devices per cell
	Comments

	
	
	
	1000
	3000
	5000
	10000
	30000
	

	Qualcomm
	Uniform

distribution over 60s
	95th percentile
	2 
	4 
	6 
	8 
	8 
	

	
	Beta
distribution over 10s
	95th percentile
	6 
	8 
	8 
	8 
	8 
	


4
Conclusions
In this contribution, we have evaluated the RACH capacity due to MTC device operation in UMTS due to time limited deterministic events [1]. The evaluation was based on the simulation assumptions proposed in [2], with some parameters fine tuned to specifically handle RACH overload scenarios due to MTC device operation. Both Legacy RACH and EUL in CELL_FACH procedures were evaluated. 
From this study, we conclude that with an optimized set of RACH parameters, we can achieve a RACH access success probability of one for both the uniform and beta traffic distributions over a time interval of 60s and 10s respectively, even for 30000 UEs, while achieving a reasonable average access delay. It is proposed to modify the baseline simulation assumptions to also include the optimized set of RACH parameters as well as include the results obtained here in the in the MTC SI TR.
Furthermore, it should be noted that one cannot conclude on the analysis presented here since the Rise over Thermal (RoT) or Noise Rise (NR) impact was not accounted for in this study. A measure of RoT can be inferred from the statistics on the number of simultaneous transmissions. Based on the observations of this statistic, indications are that the scenarios evaluated here can give rise to large spikes in the RoT especially in the the case when legacy RACH procedure is used, since a large number of users transmit in the absence of closed loop power control and H-ARQ – both of these physical layer aspects are associated with the EUL in CELL FACH procedure.  In the case of EUL in CELL_FACH procedure, the number of common E-DCH resources provides an important tradeoff between the number of simultaneous transmissions and access delay. In particular, as we reduce the number of common E-DCH resources from 32 to 16 to 8, the access delay increases while the total number of simultaneous transmissions reduces.
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