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1. Introduction
In RAN #51 meeting, the study item “Study on RAN improvements for Machine-Type Communications” was agreed that “continue the Study Item but limited to RAN overload only”. The target of the study item is to improve the efficiency in RAN to handle machine type communication (MTC).
In general speaking, the population of MTC devices is larger than that of H2H (human to human) devices, the signalling congestion and overloading can easily occur and may affect the normal H2H communication. Based on this, several proposals have been studied to address the RAN overload caused by MTC devices at the random access procedure. 

This contribution compares the performance of the MTC specific backoff scheme and adaptive access class barring mechanism for RAN overload and discuss the simulation results.
2. Discussion
2.1 MTC specific backoff scheme
For an MTC specific backoff scheme, MTC devices use a backoff window different from UE devices to resolve the RACH (random access channel) overload caused by MTC. With this mechanism, the access attempts from MTC devices could be dispersed in a wide time interval to avoid contending PRACH (physical random access channel) with UEs. Hence, such a solution guarantees network availability for UEs. Therefore, we suggested an additional command message in RAR to carry MTC specific parameters for overload control in [2].

According to the simulation result in [2], it is necessary to assign different backoff parameters to UEs and MTC devices to reduce access latencies of UEs and to improve access success probability in heavy system loading situation. When the system loading is not heavy, however, applying different backoff window (BW) to UEs and MTC devices lead to increase of MTC access latencies. Therefore, eNB should adaptively adjust the MTC backoff parameters based on the congestion states. 

An adaptive backoff mechanism which could dynamically adjust backoff indicators to MTC devices based on system loading and assign different backoff windows to UEs and MTC devices is needed. Detail simulation results and comparisons are illustrated in Section 2.3.
2.2 Access Class Barring

Access class barring (ACB) is a solution which effectively reduces the collision probability of transmitting the bulk of preambles at the same PRACH resource. This is because ACB uses probability factor and barring time to distribute the access attempts from MTC devices. In other words, ACB reduces the influence of UEs when burst of MTC activities occur simultaneously.

The simulation results in Annex A show that if ACB uses the fixed parameters, high barring probabilities and long barring time significantly increase access latency of MTC devices. On the contrary, low barring probabilities and short barring time might lead intense PRACH contention in the condition of heavy system loading. Therefore, an adaptive ACB scheme, i.e. the eNB can dynamically configure ACB parameters based on the system loading can be used. In our opinion, the adaptive ACB can represent the definition of EAB on SA1 requirements. Simulation results reveal that adaptive ACB scheme can gain better performance than the static ACB scheme. However, ACB parameter can be updated by sending SIB (system information block) and the SIB broadcasting cycle is around a second to several minutes. Therefore, the adaptive ACB parameter assignment can not reflect the system loading immediately and may cause MTC access delay.
2.3 Simulation results and comparisons of RAN overload control mechanisms
Two RAN overload control mechanisms are compared in the simulation: adaptive backoff indicator assignment (A-BO) and adaptive ACB parameter assignment (A-ACB). A-BO allows an eNB to carry backoff indicator in RAR to change MTC devices’ backoff window based on the current system loading. In other words, backoff windows is increased to release RAN congestion while the eNB senses large amount of RACH accesses. An MTC device performs backoff based on the backoff indicator it received from the network.  A-ACB implies that an eNB can adjust ACB parameter every 640 ms for MTC devices based on current system loading. Every MTC device must perform ACB before the first access attempt. If the MTC device is barred, it has to wait a particular time interval (i.e. barring time) for transmitting the first access attempt. When heavy system loading is detected, eNB announces the new ACB parameters. 

Random access procedures with A-BO, A-ACB, and static ACB whose parameters are shown in Table 1 are simulated. The simulations use the parameters of LTE FDD in [1]. It is assumed that 30000 MTC devices arrival in 10s with Beta distribution and 1000 H2H UE arrival in 10s under Poisson distribution. In the normal scenario, UEs and MTC devices both use the mandated contention resolution mechanism with default backoff window of 20ms. ACB(0.9, 2s), ACB(0.7, 4s) and ACB(0.5s, 8s) all use fixed ACB parameters. A-ACB dynamically configures the ACB parameters of MTC devices based on system loading. The MTC devices which have done their first access attempt will ignore the new ACB parameters broadcasted by A-ACB. A-BO dynamically adjusts the BO indicator and carries it in RAR. Figure 1 shows the loading distribution of different mechanism. Figure 2 illustrates that A-ACB, A-BO and ACB(0.5,8s) can effectively release system loading and achieve almost 100% access success probability. However, ACB(0.5,8s) bars the MTC devices for a long waiting time with a high barring probability and results in long access latency. 

These simulation results reveal that A-BO and A-ACB can release RAN overloading and maintain performance requirements of UEs. Among these two mechanisms, A-BO could reduce access latency of MTC devices compared with A-ACB. 
Table 1. Simulation Cases.
	
	BI assignment
	ACB

	
	UE
	MTC
	UE
	MTC

	Normal
	default(20ms)
	default(20ms)
	disable
	disable

	A-ACB
	default(20ms)
	default(20ms)
	disable
	dynamically assign

	A-BO
	default(20ms)
	dynamically assign
	disable
	disable

	ACB(0.9,2s)
	default(20ms)
	default(20ms)
	disable
	ACB(0.9,2s)

	ACB(0.7,4s)
	default(20ms)
	default(20ms)
	disable
	ACB(0.7,4s)

	ACB(0.5,8s)
	default(20ms)
	default(20ms)
	disable
	ACB(0.5,8s)
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Figure 1. Loading distribution of different overload control mechanisms.
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Figure 2. Access success probability of different overload control mechanisms.
[image: image3.emf]Normal A-ACB A-BO ACB(0.9,2s) ACB(0.7,4s) ACB(0.5,8s)

UE

45.76% 30.26% 33.50% 45.90% 43.63% 23.90%

MTC

45.76% 28.80% 34.34% 48.57% 45.91% 21.64%

0.00%

10.00%

20.00%

30.00%

40.00%

50.00%

60.00%

70.00%

80.00%

90.00%

100.00%

Collision Probability


Figure 3. Collision probability of different overload control mechanisms. (Collision probability is defined as the probability that a UE/MTC device uses a preamble which is also used by other UE/MTC devices)
Table 2. Access Latency for different overload control mechanisms (ms).

	
	UE
	MTC

	Normal
	42.4 
	66.3 

	A-ACB
	44.0 
	3396.4 

	A-BO
	49.5 
	2199.2 

	ACB(0.9,2s)
	43.4 
	426.0 

	ACB(0.7,4s)
	50.8 
	2581.5 

	ACB(0.5,8s)
	38.5 
	8033.4 
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Figure 4. MTC latency of different overload control mechanisms.
Conclusion 

Adaptive backoff indicator allocation and adaptive ACB parameters assignment both could effectively resolve the RACH overload caused by MTC devices. Adaptive backoff indicator allocation could have shorter access latency of MTC devices because it can make reaction to congestion rapidly. Adaptive ACB or ACB may introduce long access latency if ACB parameters are not well configured. In summary we propose the following: 

Proposal 1: Adaptive ACB which the parameter of ACB could be dynamically configured in system information is taken as the EAB for baseline discussion.

Proposal 2: Adaptive backoff scheme has shorter access latency of MTC devices compared with EAB and more evaluations between those two are required. 

3. References
[1] TS 37.868 V0.6.3, Study on RAN Improvements for Machine-type Communications (Release 10)
[2] R2-112197, Performance comparison of access class barring and MTC specific backoff schemes for MTC
Annex A : Simulation results of the fixed ACB parameters
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Figure 5. Loading distribution of fixed ACB parameters.
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Figure 6. Access success probability of fixed ACB parameters.
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Figure 7. Collision probability of fixed ACB parameters. (Collision probability is defined as the probability that a UE/MTC device uses a preamble which is also used by other UE/MTC devices)
Table 3. Access latency of fixed ACB parameters (ms).

	
	UE
	MTC

	ACB(0.1,1s)
	33.6
	9065.0

	ACB(0.2,1s)
	46.3
	4112.3

	ACB(0.2,2s)
	35.6
	7944.7

	ACB(0.9,2s)
	43.4
	426.0

	ACB(0.7,4s)
	50.8
	2581.5

	ACB(0.5,8s)
	38.5
	8033.4


