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RACH Capacity Evaluation
1 Introduction
Considering the large number of MTC devices in coverage of a GERAN cell, RACH capacity needs to be investigated. The evaluation was made in [1], however the sourcing company thinks this result in [1] is too optimistic. So this paper considers the retransmission mechanism defined in GERAN and Access Success Rate (ASR) to show more realistic evaluation results.
2 Assumptions and RACH Access Simulator Settings

2.1 Simulate method
A large amount of devices access to the network at the same time can not be accepted which will cause an unacceptable congestion on RACH. In present simulation, the access procedure is in accordance with the basic idea of Slotted ALOHA protocol, while the number of access arrivals in each timeslot follows the Poisson distribution. 
Retransmission mechanism accords with the access retransmission procedure defined in TS 44.018 and TS 44.060 if the initial access fails. For example, a number of devices initiate access randomly and spread out within a certain period of time. Once a device accesses network successfully, it will no longer trigger another access. Otherwise it will initiate the access again until it sends maximally (M + 1) CHANNEL REQUEST messages on the RACH. If the (M+1)th access is failed, this device is finally failed to access the network.
The simulation does not differentiate the accesses initiated from H2H terminals or MTC devices.
2.2 Simulation result and analysis
2.2.1 Slotted ALOHA and Poisson simulation results
Based on ALHOHA protocol, the simulation model presented in this paper simulates random access and retransmission procedure during the period of 10,000 continuous timeslots. The simulation result can be seen in Figure 1 and Figure 2, and it shows that simulation result is in accord with Slotted ALOHA model and Poisson distribution. 
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Figure 1：System throughout comparison between simulation and ALOHA model
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Figure 2: P1 value comparison between simulation and Poisson distribution
2.2.2 Requirement for λ value
For a live network, ASR is one of the most important KPI. From Poisson distribution table and simulation results, the ASR is only related to λ values. Therefore, the RACH capacity can be calculated from the λ value. In order to meet the expected ASR (assumed to be 97%), retransmission of access needs to be considered. The Maximum of failed retransmission times (MaxRe) is set to 0, 1, 2, 4, and 8 in this simulation, and corresponding ASR results are shown in Annex. The simulation shows the expected ASP subject to different λ values and MaxRe. See figure 3.
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Figure 3: ASR comparison chart
Analysis of Figure 3:

Both λ values and MaxRe values will impact the ASR. When λ value is set to be a small value, the ASR increases with the increase of MaxRe value, but when λ value is set to be a large value, the ASR remarkably decreases with the increase of MaxRe value. 
ASR≥97% is a recommended value here because it is a general KPI requirement of RACH for a live network. Relaxing ASR from 97% to a lower value, such as 80%, may seriously affect the satisfaction of user experience, which is not recommended by the sourcing company. Moreover, when RACH is shared by H2H Terminals and MTC devices, if the ASR is decreased, both the ASR for H2H and the ASR for M2M will get decreased.
As showing in Figure 3

 REF _Ref260231851 \h 
, to meet the requirement for ASR ≥ 97%, the largest λ values related different MaxRe values are concluded in Table 1. It shows that, for a certain MaxRe, only λ is less than the specific value, the ASR can meet the requirement (ASR≥97%). 
Table 1: the maximum value of λ (ASR ≥ 97%)
	MaxRe
	0
	1
	2
	4
	8

	The largest λ value
	0.03
	0.1
	0.2
	0.2
	0.3


ASR = 97% is recommended to be used to analyze the RACH capacity. And for a certain MaxRe value, λ should not exceed the largest value listed in Table 1 in order to meet the 97% ASR.
2.2.3 User Capacity Analysis

In the previous section, the largest λ values corresponding to different MaxRe are listed in Table 1 when ASR is equal or higher than 97%. According to the definition of λ values, the capacity of the users on RACH can be calculated as following.
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Here, Nu denotes the number of users; Sx denotes the number of slots. And then:
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For a given period Time (T, unit is second), which should be exchanged to the related Sx, the Nu is calculated according to the following formula. 

[image: image6.wmf]120

26

1000

´

´

=

T

S

x



[image: image7.wmf]l

´

´

´

=

)

120

26

1000

(

T

N

u


Two kinds of BCCH (CCCH_CONF=0 and 1) are considered in the paper.  
The Maximum user capacity supported by these two BCCHs within different time period (0.5 s ~ 1 hour) is shown in Figure 4 and Figure 5 respectively.
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Figure 4: maximum user capacity supported by BCCH (CCCH_CONF=0
)
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Figure 5: maximum user capacity supported by BCCH (CCCH_CONF=1
)
3 Conclusion

A large amount of devices access to the network at the same time can not be accepted which will cause a serious congestion on RACH. According to the simulation shown in this paper, the access procedure is in accord with the basic idea of Slotted ALOHA protocol, while the access in each timeslot meets the Poisson distribution.
ASR ≥ 97% is recommended to be used to analyze the RACH capacity. And for a certain MaxRe value, λ should not exceed the largest value listed in Table 1 in order to meet the recommended ASR value.

The Maximum user capacity supported by two kinds of BCCH (CCCH_CONF=0 and 1) within different time period (0.5 s ~ 1 hour) is shown in Figure 4 and Figure 5 respectively.
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5 Annex
Table A1: Comparison access success rate when MaxRe = 0
	λ
	0.01
	0.03
	0.05
	0.07
	0.09
	0.1
	0.2
	0.3
	0.4
	0.5

	P1 (Poisson)
	0.0088
	0.0291
	0.0476
	0.0653
	0.0823
	0.0905
	0.1637
	0.2223
	0.2681
	0.3033

	P1 (Simulation)
(note)
	0.01
	0.0294
	0.0474
	0.0642
	0.0829
	0.0891
	0.1670
	0.2236
	0.2744
	0.2951

	ASR(%)
	100
	98
	94.8
	91.71
	92.11
	89.10
	83.50
	74.53
	68.60
	59.02


Table A2: Comparison access success rate when MaxRe = 1
	λ
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	P1 (Poisson)
	0.0905
	0.1637
	0.2223
	0.2681
	0.3033
	0.3293
	0.3476
	0.3595
	0.3659
	0.3679

	P1 (Simulation)
(note)
	0.0977
	0.1862
	0.2545
	0.3166
	0.3495
	0.3607
	0.3561
	0.3481
	0.3082
	0.2906

	ASR(%)
	97.7
	93.1
	84.83
	79.15
	69.9
	60.11
	50.87
	43.51
	34.24
	29.06


Table A3: Comparison access success rate when MaxRe = 2

	Λ
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	P1 (Poisson)
	0.0905
	0.1637
	0.2223
	0.2681
	0.3033
	0.3293
	0.3476
	0.3595
	0.3659
	0.3679

	P1 (Simulation)
(note)
	0.0997
	0.1944
	0.2745
	0.3358
	0.3526
	0.3312
	0.3040
	0.2602
	0.2180
	0.1845

	ASR(%)
	99.7
	97.2
	91.5
	83.95
	70.52
	55.2
	43.42
	32.52
	24.22
	18.45


Table A4: Comparison access success rate when MaxRe = 4

	Λ
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	P1 (Poisson)
	0.0905
	0.1637
	0.2223
	0.2681
	0.3033
	0.3293
	0.3476
	0.3595
	0.3659
	0.3679

	P1 (Simulation)
(note)
	0.0998
	0.1977
	0.2857
	0.3428
	0.3103
	0.2219
	0.1516
	0.1084
	0.0788
	0.0493

	ASR(%)
	99.8
	98.85
	95.23
	85.7
	62.06
	36.98
	21.65
	13.55
	8.75
	4.93


Table A5: Comparison access success rate when MaxRe = 8
	Λ
	0.1
	0.2
	0.3
	0.4
	0.5
	0.6
	0.7
	0.8
	0.9
	1.0

	P1 (Poisson)
	0.0905
	0.1637
	0.2223
	0.2681
	0.3033
	0.3293
	0.3476
	0.3595
	0.3659
	0.3679

	P1 (Simulation)
(note)
	0.0997
	0.1989
	0.2913
	0.2932
	0.1524
	0.0709
	0.0521
	0.0339
	0.0260
	0.0228

	ASR(%)
	99.74
	99.43
	97.08
	73.30
	30.43
	11.81
	7.44
	4.23
	2.88
	2.28


Note: P1 is probability of which one and only one user in a slot.















































































































































































































































































































































































































































































































































































































































































































































































































�  51 RACH timeslots in every 51-multiframe


�  27 RACH timeslots in every 51-multiframe
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