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1. Introduction
In RAN2#76 meeting, some agreements about EAB update mechanism were reached as following:

· For UMTS we use the normal update mechanism (updated with Value Tag)

· The normal update mechanism is not sufficient. The detailed mechanism is FFS. 
The second bullet is talking about LTE. Since it came to the conclusion that the AC list plus bitmap mechanism shall be applied for EAB and no additional distribution scheme to be introduced to cope with the access convergence effect for LTE, it is obvious that the normal update mechanism is not sufficient due to the convergence on the MPB and EAB update mechanism is still an open issue for LTE. 
In this contribution, we mainly focus on the EAB update mechanism for LTE system. The key performance of the candidates’ solutions is evaluated and the corresponding proposals will be given based on the simulation results.
2. Discussion
From the previous discussion, there are mainly two EAB update solutions for LTE:

Alternative 1: Acquire the EAB info upon the reception of EAB info update indication in paging (ETWS-like);

Alternative 2: Acquire the EAB info before access.

For Alt 1, when overload occurs, the network will send EAB information in a SIB, just call it SIBx, periodically and notify the EAB information occurrence by Paging message. When receiving the EAB indicator in the paging message, the UEs configured for EAB acquire the EAB information from the SIBx immediately and initiate access if their AC(s) are allowed or keep monitoring the paging if their AC(s) are not allowed. If not receiving the EAB indicator in the paging message or having no stored EAB information when requested to initiate access by upper layer, UE will initial access immediately. Since the paging occasions of UEs are randomly distributed within a paging cycle, the SIB acquire time points of the UEs will be separated accordingly, which will lead the result that the access points of the allowed UEs also be distributed. Obviously, the UEs’ access points can be dispersed by increasing the paging cycle and/or the reducing SIBx period.
For Alt 2, when overload occurs, the network will send EAB information in SIBx periodically. UEs configured for EAB shall read SIBx before each access regardless whether network overload occurs or not. UEs that are allowed by the EAB information will initiate the access at the end of SIBx. It can be easily figured out that the access request within one SIB period will be concentrated at the end of SIB, which will cause access convergence. The shorter the SIB period becomes, the less the number of concentrated access request will be.
It’s hard to say which alternative is acceptable just by theoretic analysis. In section 3, we give the further evaluation by some simulation.
3. Simulations
3.1. Simulation Assumptions
· Traffic model 
The 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.
· EAB content and update rules
The AC list plus bitmap is adopted as EAB content. In the simulation, we permit only one of the ACs (0-9) at each time period. 
In order to ensure that every UE can have a chance to start access, the EAB content is changed periodically after being enabled at the beginning of simulation. The period is simply set to 20*SIB period. Firstly, AC0 is not barred. Then, AC1-9 is allowed to start access orderly.
· Other parameters
The other basic simulation parameters are the same as Table 6.2.2.1.1 [1] for LTE FDD and Table 6.2.2.1.2 [1] for LTE TDD.
3.2. Simulation Outputs
As analyzed in section 2, the performance of Alt 1 can be affected by setting different paging cycle and SIBx period and the performance of Alt 2 can be affected by setting different SIBx period. Since the evaluation aims to see if the performance of the two alternatives can be acceptable, it makes sense to evaluate the collision probability and access success probability when EAB is applied in different parameters setting for each alternative.
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].
· Details of collision probability in time domain which can reflect the number of MTC devices transmitting preambles at the same time.
3.3. Simulation Results for LTE FDD
This section gives the simulation results for both alternatives for LTE FDD.
Simulation results for Alt 1 are shown in Table 1, figure 1a and figure 1b. In these results, access success probability and collision probability by setting different paging cycle and SIBx period are shown in Table 1. The detailed collision probability in time domain is given in figure 1a and figure 1b.
Table 1
 Access Success Probability for Alt 1 for LTE FDD
	Paging cycle/SIBx period（ms）
	Collision Probability
	Access Success Probability

	without EAB
	47.76%
	29.5%

	1280/640
	32.89%
	18.74%

	1280/320
	34.24%
	63.55%

	1280/160
	15.20%
	99.51%

	2560/320
	13.85%
	99.96%
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Figure 1a Collision Probability Alt 1 (paging cycle=1280ms/SIBx period=160ms)
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Figure 1b Collision Probability for Alt 1 when AC6 is allowed (paging cycle=1280ms /SIBx period=160ms)
Simulation results for Alt 2 are shown in Table 2, figure 2a and figure 2b. In these results, access success probability and collision probability by setting different SIBx period are shown in Table 2. The detailed collision probability in time domain is given in figure 2a and figure 2b.
Table 2
Collision Probability and Access Success Probability for Alt 2 for LTE FDD
	SIBx period（ms）
	Collision Probability 
	Access Success Probability

	without EAB
	47.76%
	29.5%

	1280
	71.02%
	9.94%

	640
	58.74%
	12.42%

	320
	51.61%
	13.49%

	160
	42.88%
	14.78%

	80
	37.72%
	15.68%
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Figure 2a Collision Probability for Alt 2 (SIBx period=320ms)
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Figure 2b Collision Probability for Alt 2 when AC3 is allowed (SIBx period=320ms)
3.4. Simulation results for LTE TDD

This section gives the simulation results for both alternatives for LTE TDD.
Simulation results for Alt 1 are shown in Table 3, figure 3a and figure 3b. In these results, access success probability and collision probability by setting different paging cycle and SIBx period are shown in Table 3. The detailed collision probability in time domain is given in figure 3a and figure 3b.
Table 3
 Access Success Probability for Alt1 for LTE TDD
	Paging cycle/SIBx period（ms）
	Collision Probability
	Access Success Probability

	without EAB
	52.12%
	22.94%

	1280/640
	29.63%
	17.87%

	1280/320
	31.22%
	54.47%

	1280/160
	20.93%
	81.09%

	2560/320
	11.15%
	99.59%
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Figure 3a Collision Probability for Alt 1 (paging cycle=1280ms/SIBx period=160ms)
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Figure 3b Collision Probability for Alt 1 when AC6 is allowed (paging cycle=1280ms/SIBx period=160ms)
Table4
Collision Probability and Access Success Probability for Alt 2 for LTE TDD

	SIBx period（ms）
	Collision Probability 
	Access Success Probability

	without EAB
	52.12%
	29.5%

	1280
	63.46%
	8.95%

	640
	48.85%
	12.35%

	320
	43.37%
	13.28%

	160
	35.83%
	14.26%

	80
	33.82%
	15.05%
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Figure 4a Collision Probability for Alt2 (SIBx period=320ms)
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Figure 4b Collision Probability for Alt 2 when AC3 is allowed (SIBx period=320ms)
3.5. Observation and Analysis
From the results of simulation, it can be seen that:
Observation 1: For Alt 1, it can be seen from table 1 and table 3 that the performance can be improved by increasing paging cycle and/or reducing SIBx period. When paging cycle=2560 and SIBx period=320, Access Success Probability are 99.96% for LTE FDD and 99.59% for LTE TDD, which seems acceptable. 
Observation 2: For Alt 1, each collision probability peak in figure 1a and figure 3a denotes that one AC is allowed to start access at that time point. From figure 1b and figure 3b, when one AC is allowed to start access, UEs belonging to this AC are separated into N= (paging cycle/SIB period) groups to start access within one paging cycle. This can help to alleviate the access convergence effect. 
Observation 3: For Alt 2, it can be seen from table2 and table4 that the performance can be improved by reducing the SIBx. The best Access Success Probability in the simulation is 15.68% for LTE FDD and 15.05% for LTE TDD when SIB period=80ms. This kind of performance seems unacceptable.
Observation 4: For Alt 2, each collision probability peak in figure 2a and figure 4a denotes one AC is allowed to start access at that time point. From figure 2b and figure 4b, when one AC is allowed to start access, UEs belonging to this AC are converged at end of SIBx to initiate access. This is the key issue for the bad performance of Alt 2.
Based on the simulation results, it is obvious that Alternative 1 can well handle the convergence issue caused by large amount of MTC devices accessing to the network in short period of time, e.g. traffic model 2 in [1]. While for Alternative 2, the access success probability seems unacceptable even when the SIBx period is set to 80ms, which is rather short. Regarding that Alternative 1 is similar to existing ETWS scheme, it could be considered as a preferred solution for EAB update.
4. Conclusion
In this paper, we analyze the details of the two candidates’ solutions and evaluate their performance. Based on analysis and the evaluation, we find that alternative 2 convergent UEs’ access and the performance is not acceptable while alternative 1 have good enough performance by setting appropriate paging cycle and SIBx period. So we have the following proposal:
Proposal: For LTE, it is suggested to adopt ETWS-like mechanism as EAB update solution.

5. References

[1]. 3GPP TR 37.868 vb.0.0, " Study on RAN Improvements for Machine-type Communications (Release 11)"
PAGE  
1
R2-120746

