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1. Introduction
In RAN2#75 meeting, some agreements about EAB contents were reached as following. 
Agreements:

1) UMTS:  EAB will be 1 bit per AC

2) LTE: EAB will either be 1 bit per AC solution, or a solution conform LTE ACB i.e. probability factor and barring time.

Note: In general further solutions/mechanisms can always be discussed/proposed based on consensus.
From above, the contents of EAB for UMTS are clear, however for LTE, it is still an open issue whether the UMTS-like or LTE-like ACB parameter design shall be reused. In this contribution, we analyze and evaluate the above two possible solutions for LTE, and give the corresponding proposals.
2. Discussion
During the discussion in last RAN2 meeting, some companies pointed out that it seems simpler to have the same mechanism in all RATs and suggested to use the UMTS-like EAB parameters design, i.e. 1 bit per AC for LTE. However, in our understanding, it is more important to guarantee that the candidate solutions could match the requirements before come to any conclusion. Since current access control mechanism in UMTS and LTE is different, we think it should be carefully analyze and evaluate whether the requirements can be well satisfied if we just simply reuse the UMTS-like ACB parameters design for LTE.
In UMTS, access control is implemented in RRC layer and MAC layer. ACB information is included in SIB3 and it includes one bit for each AC to indicate whether this AC is barred or not for AC (0-15). When higher layer requests to access to the network, RRC judges whether the access can be initiated by ACB check according to the ACB information. If passed, RRC indicates MAC to start access procedure. Before starting L1 PRACH transmission procedure, MAC layer will perform a persistence check by drawing a random number between [0..1]. If the random number is <= P, where P is the persistence value for the ASC that AC 0..9 are mapped to and is included in SIB7, MAC will indicate physical layer to start L1 PRACH transmission procedure. Else, delayed a period time, MAC attempts above persistence check procedure again. By the persistent check procedure in MAC layer, the actual access time for UEs which pass the ACB check in RRC is dispersed. 
While in LTE, access control is implemented in RRC layer. ACB information is included in SIB2 and it includes ac-BarringFactor and ac-BarringTime. Ac-BarringFactor is applicable for all AC (0-9). When upper layer requests to access to the network, RRC judges whether the access can be initiated by ACB check according to the ACB information.. If passed, RRC indicates MAC to start access procedure and MAC will initiate preamble transmission procedure directly.
Based on the above discussion, we can see that for UMTS, ACB in RRC layer can reduce the number of UEs who initiate access at the same time and the persistence check mechanism in MAC layer can disperse UEs actual access time in wide time interval, which can effectively reduce the collision probability and increase the access success probability [1]. But for LTE, there is no such persistence check mechanism in MAC layer. So we think before make any decision on EAB parameter design for LTE, Careful study on the performance of each solutions shall be done.
Proposal 1: It is suggested to carefully analyze and evaluate the candidates’ solutions when considering EAB parameter design for LTE.
3. Evaluations and Analysis on Candidates Solutions
In [1], the performance of the candidate solution that reusing the LTE-like ACB scheme, i.e., barring factor and barring time has already shown and it can be observed that the key performance including collision probability, access success probability and total access delay seem good enough even in the worst case defined in TR 37.868. In this contribution, we just focus the evaluation and analysis on the other solution, i.e., using UMTS-like ACB in LTE. 
3.1. Simulation Assumptions and Outputs
In this simulation, the simulation assumptions including the traffic Model, the EAB transmission scheme and some basic assumptions are the same as that specified in [1] for LTE FDD and LTE TDD. Especially, in this simulation, we have the following assumption:
The EAB information is changed periodically to bar MTC devices with different AC, and the period is 15*640ms. 
In this simulation, the following outputs are shown:

· Collision probability, same as the definition in TR 37.868.

· Access success probability, same as the definition in TR 37.868.
· Collision  probability statistic in time domain which can reflect the number of MTC devices transmitting preambles at a time point
3.2. Simulation Results for LTE FDD
The simulation results for LTE FDD are shown in Table 1 and Figure 1.
Table1
 Collision Probability and Access Success Probability for LTE FDD

	EAB Parameters

(the number of 
ACs not barred)
	Collision Probability 
	Access Success Probability

	without EAB
	47.76%
	29.5%

	1 
	32.95%
	18.44%

	3 
	15.18%
	32.73%

	5 
	17.49%
	49.13%

	6
	28.52%
	50.21%

	7 
	38.25%
	44.06%
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Figure 1a Collision  probability statistic  (1 AC not barred)          Figure 1b Collision  probability statistic (3ACs not barred)
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Figure 1c Collision probability statistic (6 ACs not barred)
3.3. Simulation Results for LTE TDD
The simulation results for LTE TDD are shown in Table 2 and Figure 2.

Table2
 Collision Probability and Access Success Probability for LTE TDD
	EAB Parameters

(the number 
of ACs not barred)
	Collision Probability 
	Access Success Probability

	without EAB
	52.12%
	22.94%

	1 
	26.77%
	17.79%

	3
	15.07%
	32.57%

	5
	27.87%
	37.32%

	6
	36.59%
	39.14%

	7
	45.35%
	34.96%
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Figure 2a Collision  probability statistic  (1 AC not barred)         Figure 2b Collision  probability statistic (3ACs not barred)
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Figure 2c Collision probability statistic (6 ACs not barred)
From the simulation results, we can get the following observations when the UMTS-like ACB is used for LTE: 
Observation 1: The collision probability increases when the number of ACs permitted for each period of time increases. 
Observation 2: When the number of ACs permitted i.e. not barred, for each period of time is smaller than 6 (including 6), the access successful probability increases with the number of ACs permitted for each period of time increasing. When the number is bigger than 6, the access successful probability decreases with the number of ACs permitted for each period of time increasing. When the number is 6, we get the best access success probability which is 50.21% for FDD and 39.14% for TDD.
Observation 3: Only the performance of the first batch of UEs which are permitted to access seems acceptable because the access arriving time matches the beta distribution. The performance of the subsequent batches of UEs permitted to access seems not good enough because the UEs’ access time of each batch is converged to the time point when EAB information is changed. 
From the simulation results and the observations above, we understand that when using the UMTS-like ACB for LTE, in the case of traffic model 2 in TR 37.868, where a maximum of 30,000 UEs initiate access to the network over 10 seconds with beta distribution, the collision probability and the access successful probability seems not acceptable. This is due to the facts that the convergence effect when the EAB changes and lack of dispersion scheme of the UEs’ access time. We believe if RAN2 intends to introduce the UMTS-like ACB for LTE EAB, the necessary optimizations shall be considered further to achieve acceptable performance.
Considering the evaluation results for reusing LTE-like ACB scheme for LTE EAB in [1], it can be observed that the performance including collision probability, access success probability and total access delay are acceptable. And reusing the current ACB scheme in EAB is simpler from the implementation aspect. So we have the following proposal:
Proposal 2: It is proposed that RAN2 to take the above evaluations and analysis into account when decide on the EAB parameter design for LTE.
4. Conclusion
We kindly ask RAN2 to discuss and agree on the following proposals:
Proposal 1: It is suggested to carefully analyze and evaluate the candidates’ solutions when considering EAB parameter design for LTE.

Proposal 2: It is proposed that RAN2 to take the above evaluations and analysis into account when decide on the EAB parameter design for LTE.
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