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1. Introduction
As agreed in RAN2, EAB is the baseline solution for RAN overload control. Companies may argue whether EAB mechanism alone can solve the RAN overload issue completely? Is there any need to introduce additional scheme like Pre-BO, longer BO or some other optimizations? 

In theory, when EAB mechanism is applied, the tougher EAB parameters is set, the less number of access requests will be initiated by UEs configured for EAB, meanwhile, the longer access delay for UEs configured for EAB will be resulted in. However, it is not clear how much the collision probability will be decreased and how long the access delay will be increased when EAB mechanism is applied.

In this contribution, we try to make some evaluation of the performance of EAB mechanism, for both UMTS (1.28Mcps TDD) and LTE systems, and give the observations and proposals based on the simulation results.

2. Simulation Assumptions
In this section, we discuss and determine the necessary simulation assumptions for EAB mechanism evaluation.

· Traffic Model Selection
In [1], several typical traffic models are given. Based on the RACH capacity evaluation, it seems that for the Traffic Model 2, when the Number of MTC devices per cell are 30,000, the performances for both LTE and UMTS are so poor that the Collision Probability and the Access Success Probability could not be accepted.
To objectively evaluate the performance of the EAB mechanism, here we choose the Traffic Model 2 in [1] and focus on the case that the number of MTC devices per cell is 30,000.
Assumption 1: Traffic Model 2 in [1], where a maximum of 30,000 UEs initiate access to the network over 10 seconds with Beta distribution is used as the traffic model for the evaluation.
· The parameters included in EAB information
According to the description on EAB in [1], EAB mechanism is used to restrict access from UEs configured for EAB in overload situations and shall meet some requirements, e.g. EAB information shall include extended barring information for Access Classes 0-9. To achieve the required EAB mechanism, there are several essential parameters for EAB information need to be considered for this evaluation.

In current specifications, ACB mechanism is different for UMTS and LTE. For UMTS, ACB information includes the Access Class Barred list,which indicates whether each Access Class is barred or not for AC (0-15). While for LTE, ACB information includes ac-BarringFactor and ac-BarringTime, which are applicable for all AC (0-9). In our understanding, since the requiremens mentioned in [2] can be satisfied by extending the existing ACB for each system, here we simply take the assumption that the similar mechanism as the current ACB mechanism is used to achieve the EAB mechanism for each system.
Assumption 2: For UMTS, the EAB mechanism is the similar as the legacy ACB, Access Class Barred list for EAB is used for the evaluation. For LTE, the EAB mechanism is the similar as Rel 10 ACB, the barring time and barring factor for AC 0-9 is used for the evaluation.
· How to broadcast the EAB information
For simulation, the method to trasmit the EAB information need to be determined. According to [3][4], there are some possible choices:
Alternative 1: EAB information is included in SIB, and the legacy SIB update procedure is applied

Alternative 2: EAB information is included in SIB, and the existence or change of EAB information is notified by paging message, like ETWS
Alternative 3: EAB information is included in SIB, and UEs configured for EAB read SIB before RRC connection establishment procedure.
For Alternative 1, the legacy SIB update is notified by value tag and once the EAB information changes, H2H UEs also need to read the SIB unnecessarily. Since it has impact to H2H UEs, it is not a preferable choice. For Alternative 3, since it introduces additional access delay and power consumption, it is not a preferred choice either. 
Based on the analysis above, we choose the Alternative 2 as the basic EAB notification method in this simulation, and we take the following assumption.
· The EAB information is included in SIB and the change of EAB information is notified by paging message when RAN overload occurs.
· UEs configured for EAB read the corresponding SIB directly, like ETWS notification mechanism.

· The scheduling period of the SIB containing EAB information is 480ms.

· The paging cycle use the default paging cycle and the default paging cycle is 1280ms. 
· For LTE, if the UE is barred, it will initiate another access attempt after a time interval (0.7+ 0.6 * rand) * ac-BarringTime until the UE successfully completes the random access procedure.

· For UMTS, the EAB information is changed periodically to bar MTC devices with different AC, and the period is 25*480ms.
· Other Assumptions
The basic simulation parameters are the same as Table 6.2.2.1.1 [1] for LTE FDD, Table 6.2.2.1.2 [1] for LTE TDD and Table 6.2.2.1.4 [1] for UMTS 1.28Mcps TDD.
3. Simulation Outputs and Analysis
3.1. Definitions

Since this evaluation aims to judge whether EAB mechanism can well solve the RAN overload issue, it is valuable to evaluate the collision probability and access success probability when EAB is applied. Also, as mentioned before, using EAB will increase the access delay for UEs configured for EAB, to check whether the delay is acceptable, the access delay also need to be evaluated.

So we have the following outputs in this simulation and the definitions for these outputs are as following:

·   Collision probability, same as the definition in [1].

·    Access success probability, same as the definition in [1].

·    Total access delay, defined as the delay for each MTC device between the first access request by the higher layer and the completion of the random access procedure.
·   Statistics of total access delay, defined as the CDF of the delay between the first access request by the higher layer and the completion of the random access procedure, for the successfully accessed MTC devices.
3.2. Simulation Results for LTE TDD
In this section, the simulation results for LTE TDD are shown in Table 1 and Figure 1, including the Collision Probability, the Access Success Probability and the Total Access Delay when different EAB parameters configurations are applied.
Table 1a Collision Probability and Access Success Probability for LTE TDD
	EAB Parameters

(ac-BarringFactor, ac-BarringTime)
	Collision Probability 
	Access Success Probability

	without EAB
	52.12%
	22.94%

	0.6, 4s
	18.32%
	68.49%

	0.3, 4s
	2.76%
	96.51% 

	0.2, 4s
	0.42%
	100%

	0.1, 4s
	0.13%
	100%


Table 1b
 Total Access Delay for LTE TDD
	EAB Parameters

(ac-BarringFactor, ac-BarringTime)
	Total Access Delay (s)

	0.6,4s
	Average
	3.663

	
	10th percentile
	0.041

	
	90th percentile
	9.618

	0.3,4s
	Average
	9.520

	
	10th percentile
	0.037

	
	90th percentile
	24.138

	0.2,4s
	Average
	15.923

	
	10th percentile
	0.032

	
	90th percentile
	39.038

	0.1,4s
	Average
	35.898

	
	10th percentile
	0.093

	
	90th percentile
	85.103
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Figure 1 CDF of total access delay for LTE TDD

3.3. Simulation Results for LTE FDD
In this section, the simulation results for LTE FDD are shown in Table 2 and Figure 2.

Table 2a
 Collision Probability and Access Success Probability for LTE FDD

	EAB Parameters

(ac-BarringFactor, ac-BarringTime)
	Collision Probability 
	Access Success Probability

	without EAB
	52.12%
	22.94%

	0.6, 4s
	13.83%
	82.34%

	0.3, 4s
	1.07%
	100%

	0.2, 4s
	0.45%
	100%

	0.1, 4s
	0.13%
	100%


Table 2b
 Results of Total Access Delay for LTE FDD
	EAB Parameters

(ac-BarringFactor, ac-BarringTime)
	Total Access Delay (s)

	0.6,4s
	Average
	3.151

	
	10th percentile
	0.038

	
	90th percentile
	8.824

	0.3,4s
	Average
	9.124

	
	10th percentile
	0.026

	
	90th percentile
	23.703

	0.2,4s
	Average
	15.457

	
	10th percentile
	0.031

	
	90th percentile
	38.726

	0.1,4s
	Average
	34.603

	
	10th percentile
	0.048

	
	90th percentile
	83.423
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Figure 2 CDF of total access delay for LTE FDD
3.4. Simulation Results for UMTS 1.28Mcps TDD

For UMTS, in addition to ACB mechanism in RRC layer, the persistence check mechanism in MAC layer also plays an important role in access control. By using the persistence check mechanism, the initiation of L1 PRACH transmission/re-transmission procedure can be distributed. So it can also affect the performance of the access control. In our simulation, we also evaluate the impact of persistence check mechanism by adjusting the related parameter Pi. 
The simulation results with different EAB parameters and different Pi for UMTS 1.28Mcps TDD are shown in Table 3 and Figure 3.
Table 3a
 Collision Probability and Access Success Probability for UMTS 1.28Mcps TDD
	EAB Parameters

(the number of ACs not barred)
	Pi=0.3
	Pi=0.2*(1/2^7)

	
	Collision Probability 
	Access Success Probability
	Collision Probability 
	Access Success Probability

	without EAB
	77.52%
	1.74%
	-
	-

	3
	22.76%
	5.05%
	32.31%
	40.32%

	2
	16.43%
	6.95%
	28.85%
	66.26%

	1
	7.70%
	12.12%
	4.82%
	99.62%


Table 3b
 Total Access Delay with Pi=0.2*(1/2^7) for UMTS 1.28Mcps TDD
	EAB Parameters

(the number of ACs not barred)
	Total Access Delay (s)

	3
	Average
	21.664

	
	10th percentile
	1.320

	
	90th percentile
	36.695

	2
	Average
	25.262

	
	10th percentile
	1.790

	
	90th percentile
	   50.390

	1
	Average
	53.573

	
	10th percentile
	  6.755

	
	90th percentile
	102.685
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Figure 3 CDF of total access delay with Pi=0.2*(1/2^7) for UMTS 1.28Mcps TDD
3.5. Analysis
From the above simulation results, we can get the following observations for each system.
For LTE,
Observation 1: EAB mechanism can dramatically reduce the collision probability and improve the access success probability. For example, when ac-BarringFactor equals to 0.2 and the ac-BarringTime equals to 4s, the collision probability is less than 1% and the Access Success Probability is 100%.
Observation 2: When applying EAB, the total access delay of UEs configured for EAB is increased. For example, when the ac-BarringFactor equals to 0.1 and the ac-BarringTime equals to 4s, the average total access delay is 35.898s for TDD and 34.603 for FDD. 
Observation 3: For less than 10% UEs with longer total access delay, it can be foreseen that by using optimized EAB scheme, e.g. adaptively adjusting the EAB parameters according to the overload situation, the access delay can be shorten.
Observation 4: The smaller the ac-BarringFactor is set, the smaller the collision probability will be, and the longer the total access delays will be. By adjusting the EAB parameters, we can get the compromised performance between the collision probability and the total access delay.
For UMTS 1.28Mcps TDD,
Observation 5: The EAB mechanism together with current persistence check mechanism can reduce the collision probability and improve the access success probability. The less ACs are permitted to initiate random access and smaller the Pi value is set, the smaller the collision probability and the longer the total access delays will be.
Observation 6: The persistence check mechanism plays an important role for RAN overload control. By adjusting the value of Pi, we can get different performance. When Pi equals to 0.3, the collision probability and access success probability seem not acceptable. When using the minimum value of Pi in current specification which equals to s7 P(N)=0.2* 2((8 ( 1) and one AC is permitted, which means 10% of UEs are permitted to initiate random access, the collision probability is 4.82% and the Access Success Probability is 99.62%.
Observation 7: When applying EAB, the total access delay is increased. When only one AC is permitted to initiate random access and the Pi equals to 0.2* 2(7, the average total access delay is 53.573s.
Observation 8: By adjusting the EAB parameters and Pi value, we can get the compromised performance between the collision probability and the total access delay.
From the simulation results above, for both LTE and  UMTS 1.28Mcps TDD, the EAB mechanism used by this simulation can well handle the RAN overload issue caused by Traffic Model 2 in [1], where a maximum of 30,000 UEs initiate access to the network over 10 seconds with Beta distribution. Since the UEs configured for EAB are considered more tolerant to access restrictions than other UEs [2], we think that the total access delays shown in the simulation results are acceptable. So, in our understanding, the EAB mechanism alone seems sufficient for RAN overload control.
Based on the simulation results and the corresponding analysis, we propose:
Proposal 1: It is kindly asked RAN2 to discuss whether the total access delays for UEs configured for EAB shown in the simulation results are acceptable.
Proposal 2：It is kindly asked RAN2 to discuss and decide whether the EAB mechanism alone is sufficient for handling the RAN overload issue.
4. Conclusion
In this paper, we evaluated the performance of EAB mechanism based on specific traffic model for LTE and UMTS 1.28Mcps TDD. The simulation results show that EAB mechanism can effectively alleviate the RAN overload situations. We kindly ask RAN2 to discuss the simulation in this contribution and decide on the following proposals:
Proposal 1: It is kindly asked RAN2 to discuss whether the total access delays for UEs configured for EAB shown in the simulation results are acceptable.
Proposal 2：It is kindly asked RAN2 to discuss and decide whether the EAB mechanism alone is sufficient for handling the RAN overload issue. 
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