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Discussion and Decision
1. Introduction
RAN#51 decided to continue the MTC SI on RAN overload handling in R11. Since during the R10 study only the simplified model was adopt for simulation, further studies are deserved with additional factors taken into consideration.
This contribution discusses the impact of the limited resources to the access capacity. Simulations are conducted to show the access performance of various access schemes including Slotted Access and ACB under the downlink resource constraint. 
2. Discussion
2.1. Needs for Further Performance Evaluation

During R10 MTC access study, multi-company presented simulation results [4]. The upper bound of the access channel capacity has been identified with the existing contention based access methods. However, the simulations have been done under the single cell environment. The inter-cell interference in a multi-cell environment was not evaluated.  With the appearance of the inter-cell interference, the capacity of access channel would be further reduced. In addition, in the simulation, the signalling resources such as PDCCH and RAR are fully available for supporting the MTC access. In a real system, the resources for signalling could be occupied by the H2H activities with high priority. This will further increase the access failure rate. Further more, the non-ideal intra-cell preamble detection could further compromise the access performance. Taking all these factors into consideration, it is desired to have further study on the access performance and load control. With more restricted access resource and the needs from CN, better access control for MTC would be required.
2.2. Simulation Assumptions
This simulation study adopts the basic simulation assumptions in [1]. The simulation is conducted under the scenario of 30000 MTC arrivals in 10s with BETA distribution. H2H UEs arrive under Poisson distribution during the entire simulation time. 

Simulation stops when all the MTC UEs have been processed, i.e. access failure or eventually successful.
2.3. Simulations Results 
2.3.1.  
Impact of modelling contention resolution 

When access collision occurs with message1, in fact the receiving eNB does not know there is a collision and responds with message2. Upon received message2 the involved MTC devices will issue message3 and the eNB fails to decode collided message3s. After the devices failed all the retries, the access failure is realized by the devices. Therefore, in the real system, the contention resolution takes much longer time than what are currently modelled in the simulation assumptions [1], i.e. whenever there is duplicated message1 received a collision is declared. The simulation results show the impact of the delay. Additional simulation results and the curves are shown in Annex A.


 Table 1 MTC access success rate

	
	Backoff(20ms)
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	CR modeled
	17.4%
	55.4%
	99.64%
	92.95%
	100%

	CR not modeled
	30%
	89.98%
	100%
	99.97%
	100%


Table 2 H2H access success rate

	
	Backoff(20ms)
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	CR modeled
	47.6%
	66.44%
	99.95%
	95.12%
	100%

	CR not modeled
	54%
	93.55%
	100%
	99.16%
	100%
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Figure 1 Access delay of MTC
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Figure 2 Access delay of H2H

Observation 1: the delay due to the contention resolution process will lead to the access performance degradation. Its impact is not negligible. 
Proposal 1: the contention resolution process should be modelled in the simulations.

2.3.2. Effect of Uplink Grants per RAR 

In this study the access performance is simulated if the resource is not sufficient to provide 3 UL grants per RAR.

Contention resolution is modelled.
Table 3 
MTC access success rate

	
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	3 UL grants per RAR
	89.98%
	99.64%
	92.95%
	100%

	2 UL grants per RAR
	41.5%
	98.7%
	66.9%
	99.8%


Table 4
H2H access success rate

	
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	3 UL grants per RAR
	93.55%
	99.95%
	95.12%
	100%

	2 UL grants per RAR
	67.8%
	96.1%
	72.7%
	98.7%
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Figure 3
 Access delay of MTC
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Figure 4
Access delay of H2H

Observation 2: 
Reduce the number of UL grants per RAR will reduce the access successful rate significantly.

Observation 3: the contention based Slotted Access has higher successful rate and lower delay for both MTC and H2H users.
Observation 4: The Slotted Access method is more robust to the impact of limiting the number of UL grants per RAR.
2.3.3. Impact of Delayed Enabling of Access Barring 

Normally when congestion or overload occurs, the access barring is enabled. This part of simulation shows the impact of delayed access barring action. The performance of conventional ACB and Slotted Access are compared.
In this study, the simulation scenarios are configured as the following:
1. The average MTC delay of contention based 256 slotted scheme is 4320ms in Figure 3, so the barring time of the ACB is also set to be 4320ms.

2. A barring scheme is developed as follows:

a) From subframe 0-3000, there is no barring, so ACB factor is 1.

b) From subframe 3000 – 8000, 2/3 of the MTC devices are barred. This is achieved by:

i. Define 6 classes of MTC devices with equal number of UEs. For class 0, no barring; For class 1, 1/3 barred and class 2, 2/3 barred. For class 3-5, all MTC are barred.

ii. Correspondingly, for ACB, the barring factor is set to 0.33.

c) From subframe 8000 – 18000, 1/2 of the MTC devices are barred. This is by:

i. Define 6 classes of MTC devices with equal number of UEs. For class 0-1, no barring; For class 2, 1/3 barred and class 3, 2/3 barred. For class 4-5, all MTC are barred.

ii. Correspondingly, for ACB, the barring factor is set to 0.5.

d) From subframe greater than 18000, there is no barring.
Table 5 MTC access success rate with or without barring for ACB and Slotted Access
	
	ACB(0.9)
	ACB w/ barring
	Slot (256)
	Slot (256) w./ barring

	MTC success rate
	58%
	0.8533%
	94%
	100%

	H2H success rate
	72%
	0.9490%
	89%
	100%

	Collision probability
	26%
	7%
	14.5%
	0.8%

	Average preamble transmissions
	5.1
	2.1
	4.4
	1.7


From the simulation results shown in Table 5, further barring the access traffic will improve the access successful rate. For both with or without barring cases, Slotted Access out-perform ACB.
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Figure 5 The distribution of number of MTC UEs arrived for access over RACH occasions
From Figure 5, it can be seen ACB scheme is not robust to the delay of enabling further barring. Before subframe 3000, heavy congestion happens because there is no barring. When barring is used, there is also a small second peak around occasion 1700, corresponding to subframe 8500. This also means ACB is complex and it is difficult to control the access load by using it. For slotted scheme, it is much more robust to the delay of enabling barring. The congestion is well controlled and the access load is distributed much more evenly.
Observation5: The Slotted Access method is more robust to the delay of enabling the access barring.
Proposal 2: adopt the Slotted Access as the default access solution for the MTC devices.

Proposal 3:
further evaluate the access performance of MTC devices considering all the factors in a real system.

3
Conclusion

In this paper we evaluated the performance of various access schemes including the Slotted Access, and ACB affected by contention resolution and reduced UL grants in RAR. The simulation results show that with more and more real-system-factors being taken into consideration, the capacity of the RACH could be further reduced. More efficient access schemes are required for the access of potentially very large number of MTC devices. 
The simulation results also show that the contention based Slotted Access is the most efficient scheme among all the contention based pushing schemes with the lowest collision rate at the same or even shorter UE-arrival spreading time. As a result, it has the smallest impact to the H2H. With shorter spreading time and low collision rate, the slotted access achieves the shorter access delay. 
Based on the simulation results, it is proposed to agree the following in RAN2:

Proposal 1: the contention resolution process should be modelled in the simulations.

Proposal 2: adopt the Slotted Access as the default access solution for the MTC devices.

Proposal 3:
further evaluate the access performance of MTC devices considering all the factors in a real system.
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Annex A 

The basic simulation configurations are according to [1]. The following additional simulation results are obtained under the (30000, 10s, Beta) scenario. H2H UEs arrive under Poisson distribution during the entire simulation time.
1. Impact of the delay caused by contention resolution
Table 6
 Collision probability

	
	Backoff(20ms)
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	CR modeled
	50.5%
	25.91%
	1.69%
	14.47%
	3.7%

	CR not modeled
	44%
	16.92%
	1.29%
	8.67%
	3.2%


Table 7
 Average number of transmissions of MTC

	
	Backoff(20ms)
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	CR modeled
	3.5
	5.15
	2.12
	4.4
	2.5

	CR not modeled
	3.3
	3.85
	1.84
	2.9
	2.1
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Figure 6
Number of transmissions of MTC
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Figure 7
Access delay of MTC
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Figure 8
Access delay of H2H
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Figure 9
Number of transmissions of MTC
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Figure 10
Access delay of MTC for the 60s distribution scenario
2. Effect of UL grants per RAR
Table 8
Collision probability

	
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	3 UL grants per RAR
	25.91%
	1.29%
	14.47%
	3.7%

	2 UL grants per RAR
	31.7%
	3.3%
	22.3%
	4.7%


Table 9
 Average number of transmissions of MTC

	
	ACB(4s, 0.9)
	ACB(8s, 0.7)
	Slot (256)
	Slot (512)

	3 UL grants per RAR
	5.15
	2.12
	4.4
	2.5

	2 UL grants per RAR
	5.6
	3.1
	4.9
	3.6
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Figure 11
Number of transmissions of MTC

