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1
Introduction
Since RAN2 #70bis meeting, several possible RAN overload control enhancements have been captured in TR37.868 including the pushing and pulling based schemes. In the RAN2 #71 meeting it have been suggested that companies continue the evaluation and comparison on different RAN overload control enhancements. The agreement in RAN#49 suggests that CN overload control would be an important criterion for any RAN overload control mechanism to be considered.
This contribution describes the complete solution with slotted access approach. The merits of the slotted access are analyzed comparing with several other approaches via simulations.
2
Discussion
2.1
Criteria for MTC Access Control Scheme
With continued study, the traffic model of MTC becomes more and more clear. Let’s review several important natures of MTC: 
1. There could be very large number (tens of thousands) of MTC devices (MTC-UE) in a cell. Although the reporting periods of different MTC-UE groups could be different, there could be worst case that a lot of MTC-UEs perform access at about the same time. The sudden surge of the MTC reporting activities may cause the traffic congestion not only at the radio access but also at the core network.
2. Most MTC applications simply require automated short data reporting either triggered by timer or event. For the periodic report application, the reporting period of a MTC-UE is known and normally the reporting period is long. The specific time of reports is not very important. The accuracy of the expected time of the reports or the delay of the reports are tolarable. In terms of GoS, the priority of the most MTC applications is the lowest.

3.  The MTC-UEs normally are low mobility, most of the MTC-UEs will never move out of their serving cell. The complexity/cost of the MTC-UEs should be very low and the behavior of a MTC-UE would be very simple. 
Recent access channel loading simulations indicated that the LTE access channel capacity is high in ideal environment. However, in a cells-fully-loaded environment with limited control channel resources, there would be further reduction on the access channel capacity. In addition, there could be other bottle necks not only at the access but also in the Core Network (CN). Based on the special nature of MTC, there are several major criteria on the access methods for MTC:
1. Minimize the impact to H2H performance. High efficiency of resource utilization is most important.

2. For MTC the access delay may not be a major concern. It would be more important that the behaviour of the MTC devices is more predictable at the E-UTRAN.
3. Minimize the impact to the existing mechanism and easy to be integrated with existing mechanism.
2.2
Simple Slotted Access Solution
The slotted access approach is basically following the existing frame work of UE terminated access after the UE is paged. Both the existing procedures and the associated timing of the paged access will be followed.  The only change is to allow the application (in addition to the page) triggering the MTC-UEs performing access at their paging slots.  The change to the existing mechanism is minimal.
As part of the slotted access scheme, in case the MTC-UE access is failed at the current paging slot, it will back-off to its paging slot of the next paging cycle to retry access.
The slotted access would be adopted as the normal access method of MTC UEs. It is a pushing approach but it behaves as the pulling method without paging and it can be seamlessly integrated with the pulling approach. Most MTC applications simply require automated access and report. Pulling large number of MTC-UEs will introduce large amount unnecessary signalling overhead which may increase the control channel loading and impact the on going H2H performance. The slotted access would be the best for normal situation. Since it is the most efficient access method, its impact to H2H is the smallest. The slotted access would be complementary with the pulling method. Under traffic congestion situation, pulling method could be used by the network. 
The simulation results shown in section 2.3 are the worst case performance of slotted access with the assumption that UEs randomly pick their IDs (i.e. the paging/access slots) and the preambles. Since the slotted access force the arrival distribution being flat over the paging cycle, even the worst case performance is much efficient than other pushing access methods. Further more, the slotted access provides the operators the potential of contention free access among the stationary MTC-UEs in a cell with proper device ID and preamble arrangement. 
Due to the merits of the slotted access, it would be the best access approach for MTC access.
Proposal 1: For the low priority MTC UEs, access for UE Originating traffic is allowed only during its own paging occasions.    This is the simplest form of Slotted access.
2.3
Simulations Results Comparison
The basic simulation parameters are adopted from Table 1 of [4]. The simulation results in the case of Beta arrival distribution over 10s are shown in this section to facilitate the comparison of slotted, ACB and back-off schemes. Detailed simulation results and the curves are shown in Annex A.


Table 1. Performance of the slotted access under (10s, Beta) scenario.
	
	30k users
	10k users
	5k users

	
	 Slot256
	Slot512
	Slot1024
	 Slot256
	Slot512
	Slot1024
	Slot256

	MTC success probability
	88.42%
	100%
	100%
	100%
	100%
	100%
	100%

	RACH preamble collision probability
	15.4%
	3.56%
	1.13%
	0.73%
	0.37%
	0.12%
	0.18%

	H2H VoIP success probability
	90.54%
	100%
	100%
	100%
	100%
	100%
	100%


Table 2. Performance of the ACB under (10s, Beta) scenario.

	
	30k users
	10k users
	5k users

	
	 (0.9 4s)
	(0.7 8s)
	(0.5 16s)
	(0.9 4s)
	(0.7 8s)
	(0.5 16s)
	(0.9 4s)

	MTC success probability
	53.95%
	99.86
	100%
	100%
	100%
	100%
	100%

	RACH preamble collision probability
	24.48%
	1.9%
	0.27%
	0.49%
	0.098%
	0.028%
	0.12%

	H2H Voip success probability
	73.64%
	99.58%
	100%
	100%
	100%
	100%
	100%


Table 3. Performance of the Back-off approach under (10s, Beta) scenario.

	
	30k users
	10k users
	5k users

	
	 20ms
	240ms
	960ms
	 20ms
	240ms
	960ms
	20ms

	MTC success probability
	19.15%
	23.44%
	41.38%
	100%
	100%
	100%
	100%

	RACH preamble collision probability
	48.45%
	48.55%
	40.25%
	1.01%
	0.99%
	0.92%
	0.22%

	H2H Voip success probability
	44.44%
	54.1%
	62.96%
	100%
	100%
	100%
	100%


Under the 30k MTC-UEs scenario, the back-off approach is much worse than the slotted and ACB schemes. As for the slotted access versus ACB, the 256 slots (1.25s time spread) configuration has better performance than ACB (0.9, 4s). The 1024 slots (5s time spread) configuration is comparable with the ACB(0.7, 8s)  and has better performance. With less time spread, slotted access achieves better success rate which means the slotted access is the most efficient scheme. Simulation results also show that slotted access has the least impact to H2H. As explained in section 2.2, here only the worst case scenario is simulated which provides a lower bound performance of the slotted access. Potentially, the contention free access among the MTC devices could be achieved by slotted access.
Observation 1: slotted access scheme is more efficient than other pushing based schemes such as ACB. As a result, it has the smallest impact to H2H.
3
Conclusion

In this paper we discussed the merits of the slotted access method. The simulation results show that the slotted access is the best method meeting all the criteria listed section 2.1. It is the most efficient scheme among all the 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 lower (even zero) collision rate, the slotted access achieves the shortest access delay. More importantly, it makes the access behaviour of each MTC-UEs more predictable at the E-UTRAN/eNB comparing with other random access schemes.  The slotted access has the least impact to the legacy system with minimal enhancement required on the existing system. It avoided the complexity at the network to maintain and adjust sets of new parameters required by other pushing schemes such as ACB.
Base on the careful analysis and compassion, it is proposed to agree the following in RAN2:

Proposal 1: For the low priority MTC UEs, access for UE Originating traffic is allowed only during its own paging occasions.    This is the simplest form of Slotted access.
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Annex A 

The basic simulation configurations are according to [4]. Additional factors are also considered. The H2H VOIP is simulated at the access intensity of 7call/s. The parameter for the slot denotes the value K, which determines the periodicity of the accessing [2]. To facilitate the comparison with other access schemes, the access slot duration is also 5ms. The parameter K=256 means the access period of 1.28s, 512 represents the access period of 2.56s, and 1024 is 5s. Access retry will be performed at the UE’s access slot in next access cycle.

The following simulation results are obtained under the (10s, Beta) scenario..
I. Slotted

	
	30k users
	10k users
	5k users

	
	 Slot256
	Slot512
	Slot1024
	 Slot256
	Slot512
	Slot1024
	Slot256

	MTC success probability
	88.42%
	100%
	100%
	100%
	100%
	100%
	100%

	RACH preamble collision probability
	15.4%
	3.56%
	1.13%
	0.73%
	0.37%
	0.12%
	0.18%

	H2H success probability
	90.54%
	100%
	100%
	100%
	100%
	100%
	100%
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Impact to H2H:
[image: image3.emf]0 50 100 150 200 250 300

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Delay (ms)

CDF

Slot256, 30k

Slot512, 30k

Slot1024, 30k

Slot256, 10k

Slot512, 10k

Slot1024, 10k

Slot256, 5k


II. ACB
	
	30k users
	10k users
	5k users

	
	 (0.9 4s)
	(0.7 8s)
	(0.5 16s)
	(0.9 4s)
	(0.7 8s)
	(0.5 16s)
	(0.9 4s)

	MTC success probability
	53.95%
	99.86
	100%
	100%
	100%
	100%
	100%

	RACH preamble collision probability
	24.48%
	1.9%
	0.27%
	0.49%
	0.098%
	0.028%
	0.12%

	H2H Voip success probability
	73.64%
	99.58%
	100%
	100%
	100%
	100%
	100%
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Impact to H2H:
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III. Backoff

	
	30k users
	10k users
	5k users

	
	 20ms
	240ms
	960ms
	 20ms
	240ms
	960ms
	20ms

	MTC success probability
	19.15%
	23.44%
	41.38%
	100%
	100%
	100%
	100%

	RACH preamble collision probability
	48.45%
	48.55%
	40.25%
	1.01%
	0.99%
	0.92%
	0.22%

	H2H Voip success probability
	44.44%
	54.1%
	62.96%
	100%
	100%
	100%
	100%
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Impact to H2H:
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