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1. Introduction
In RAN2#70bis meeting, it was decided to evaluate the RACH performance when a large amount of MTC UEs surge to access the system. The simulation assumptions are discussed in email reflector in [4]. They are adopted in our simulation. In this contribution we present the simulation results on MTC access load with different configurations and access surge mitigation schemes.
2. Access Performance Simulation 
2.1 Basic Configurations
The suggested basic simulation parameters are adopted from Error! Reference source not found. of [4]. 
In addition, the following configurations are used in the simulation.
· Back-off parameters configuration: 0ms, 20ms, 240ms and 960ms BO settings are employed in the simulation.

· RAR window size: the RAR window of 2, 3, 4 and 5 subframes are used in the simulation.
· The number of UL grants in a subframe
After a random access preamble transmission, the UEs will decode PDCCH with CRC scrambled by the RA-RNTI in the common search space to monitor the RAR. For the common search spaces, there are two aggregation levels, i.e. 4 and 8, where the maximum 16 CCEs are for common search space.
· When the aggregation level is 4, the maximum 4 PDCCHs can be configured in a subframe, which corresponds to 12 UL grants embedded in the PDCCH if the number of UL grants per RAR is 3;

· When the aggregation level is 8, the maximum 2 PDCCHs can be configured in a subframe, which corresponds to 6 UL grants embedded in the PDCCH if the number of UL grants per RAR is 3
Thus the average number of UL grants in a subframe, (12+6)/2=9, is employed in the simulation.

· L1 random access procedure timing, involving when the MTC device retransmit the preamble if no RAR is received or there is not a response to the previously transmitted preamble sequence in the RAR, etc. Here the timing defined in Section 6.1.1 of TS 36.213 is employed in the simulation.
2.2 Simulation Scenario 1: 30,000 M2M Users are uniformly distributed within 60s
With different BO settings, the collision probability and access success probability are listed in Table 1. Since the M2M users are distributed within a relatively long interval, the low collision probability and high access success probability can be achieved, and it seems that no special treatment is needed. 
Table 1 Collision Probability and Access Success Probability (30,000 Users within 60s)
	
	
	BO=0 ms
	BO=20ms
	BO=240ms
	BO=960ms

	 RAR_Window=2 SFs
	Collision Probability
	2.38%
	2.41%
	2.39%
	2.38%

	
	Access Success Probability
	1
	1
	1
	1

	 RAR_Window=5 SFs
	Collision Probability
	2.36%
	2.46%
	2.33%
	2.42%

	
	Access Success Probability
	1
	1
	1
	1


The probability on the number of RACH preamble (re-)transmissions that MTC devices perform is illustrated in Figure 1, and very small number of M2M users is involved in the preamble retransmission.
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Figure 1. Access number for different BO Parameters (30,000 Users within 60s)

The CDF of access latency for different number of UL grants and the CDF of access latency for different BO settings are depicted in Figure 1 and Figure 2, respectively.
[image: image2.jpg](%)

CDF

099

099

0985

098

0975

097

0.965

09

0955

095

200

400

600

600 1000 1200
Access latency (ms)

1400

1600





Figure 2. CDF of access latency for different BO parameters (30,000 Users within 60s)

Observations: When 30,000 M2M users are distributed within 60s, performance of collision probability, access success probability and access latency can be acceptable, large BO parameter is unnecessary and no special measures are needed.
2.3 Simulation Scenario 2: 30,000 M2M Users are uniformly distributed within 10s
With different BO settings, the collision probability and access success probability are listed in 
Table 2
. Because of the uniform distribution of M2M users, only little gains of collision probability and access success probability are achieved by the BO setting.
Table 2 Collision Probability and Access Success Probability (30,000 Users within 10s)
	
	
	BO=0 ms
	BO=20ms
	BO=240ms
	BO=960ms

	 RAR_Window=2 SFs
	Collision Probability
	21.89%
	21.14%
	20.45%
	19.03%

	
	Access Success Probability
	99.95%
	99.98%
	99.98%
	99.99%

	 RAR_Window=5 SFs
	Collision Probability
	20.30%
	19.75%
	19.08%
	18.80%

	
	Access Success Probability
	1
	99.99%
	1
	99.99%


The probability on the number of RACH preamble (re-)transmissions that MTC devices perform is illustrated in Figure 3, and we can observe the limited gains of BO parameters configuration.
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Figure 3. Access number for different BO Parameters (30,000 Users within 10s)
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Figure 4. CDF of access delay for different BO parameters (30,000 Users within 10s)

Observations: 
· When 30,000 M2M users are evenly distributed over 10s, the impact of BO to the access efficiency is limited.
· The uniform 10s scenario causes more retransmissions.  However most MTC devices will success to get access within maximum number of retries.
2.4 Simulation Scenario 3: 30,000 M2M Users are Beta distributed within 10s
The configurations of this simulation are following the version 2 of [4]. The details are listed in the Annex A. With different BO settings, the collision probability and access success probability are listed in Table 3 for the Beta arrival distribution case. Because of non-uniform arrival distribution, .the collision rate is much higher and the success rate is much lower comparing with scenarios 1 and 2.
Table 3 Collision Probability and Access Success Probability (30,000 Users Beta distribution within 10s)
	
	
	BO=20ms
	BO=240ms
	BO=960ms

	 RAR_Window=5 SFs
	Collision Probability
	48.63%
	48.11%
	40.27%

	
	Access Success Probability
	19.14%
	23.84%
	41.97%
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Figure 5. Preamble transmissions of MTC user
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Figure 6.  Access delay of MTC user with different BO values
Observations: 
· When 30,000 M2M users are Beta distributed over 10s, much more collisions and retransmissions are observed, the impact of BO to the access efficiency is more obvious especially for longer BO.
· None of the three backoff configuration can survive from the surge of the MTC access.
3. Access Scheme Comparison
The configurations of this simulation are following v2 of [4]. The details are listed in the Annex A. The existing access scheme, MTC specific ACB and slotted methods are compared with their impact to H2H UEs.
3.1 Impact to H2H with Existing Access Scheme 
Table 4
	
	Backoff = 20ms
	Backoff = 240ms
	Backoff = 960ms

	MTC access success probability
	19.14%
	23.84%
	41.97%

	H2H access success probability
	40.28%
	44.29%
	57.53%

	RACH preamble collision probability
	48.63%
	48.11%
	40.27%
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Figure 7. Access delay of H2H user
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Figure 8. Preamble transmissions of H2H user

Note: Delay is counted for the UEs that access the system successfully.
Observations:
· Due to the low access success rate, low back-off may cause the UEs retrying quickly. When the MTC access intensity drops the new H2H users are less impacted by the backed off UEs, and the total number of H2H users is not large enough, so it is possible with BO20ms H2H UEs experience smaller delay at certain points.
· This 10s scenario causes more collision and retransmissions. If the H2H UEs are access together with the MTC UEs, they will also suffer with the collision and re-transmissions. For the H2H UEs at the tail of the distribution, the delay may not be acceptable.
3.2 MTC Specific ACB
Table 5
	
	ACB (0.9, 4s)
	ACB (0.7, 8s)
	ACB (0.5, 16s)

	MTC access success probability
	54.44%
	99.8%
	100%

	H2H access success probability
	72.80%
	98.48%
	100%

	RACH preamble collision probability
	26.70%
	2.48%
	0.45%
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Figure 9. Access delay of H2H user
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Figure 10. Preamble transmissions of H2H user
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Figure 11. Access delay of MTC user
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Figure 12. Preamble transmissions of MTC user

Observation: 
· Even with 8s ACB time, there is still some UEs that can not access the system.
· With 16s ACB time, H2H UEs will be able to achieve the 100% successful rate and lower delay at the expense of up to 50s delay of MTC UEs.
3.3 Slotted Scheme
The parameter for the slot denotes the value K, which determines the periodicity of the accessing [5]. The parameter 256 means the period of 1.28s, 512 for 2.56s, and so on. Access retry will be performed at the UE’s access slot in next access cycle.
Table 6
	
	Slot (256)
	Slot (512)
	Slot(1024)

	MTC access success probability
	88.44%
	100%
	100%

	H2H access success probability
	85.04%
	100%
	100%

	RACH preamble collision probability
	15.55%
	4.21%
	1.48%
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Figure 13. Access delay of H2H user
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Figure 14. Preamble transmissions of H2H user
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Figure 15. Access delay of MTC user
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Figure 16. Preamble transmissions of MTC user

Note: The slotted scheme is quite robust, and in principle it can distribute the load more even over the access cycle. The simulation is down with UEs randomly picking their ID and the associated access slots. The UEs also randomly pick a preamble. Ideally, it is possible to pre-assign access slots and preambles to the stationary MTC devices in a cell. This may further reduce the chance of collision.
Observation: 
· The H2H delay reduced significantly for longer access cycles, and the access failure rate is not so affected that much compared to the ACB and Backoff method. 
· The maximum delay of 90% MTC users is around 10s for Slot(512), much better than 35s of ACB(0.5, 16).
· There is no much difference on average access delay among the scenarios with different access cycle.
Proposal: When multiple M2M users are distributed within relatively short interval, it may be to have modifications on current access related mechanism.  Additional study is needed on the impact between M2M devices and other traffic such as H2H speech traffic and bursty data traffic.
4. Conclusion
The simulation results obtained so far show that the access load could be very different under different scenarios. There are still many factors associated with access which should be taken into consideration in the simulations. Further simulation study on MTC access is deserved. By comparing the simulation results of the existing method with the data of the new schemes, significant gain on the access efficiency and the H2H UE delay reduction.  Base on our assessment on the simulation results, we propose the following:
Proposal: When multiple M2M users are distributed within relatively short interval, it may be to have modifications on current access related mechanism.  Additional study is needed on the impact between M2M devices and other traffic such as H2H speech traffic and bursty data traffic.
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Annex A
We carry out our simulation according to [4]. Additional factors are also considered. All the simulation parameters are included in the table below. Note that only VOIP is simulated at the access intensity of 7call/s, but we name it as H2H traffic without loss of generality. 
	Parameter
	Setting

	Number of MTC devices
	30000

	MTC devices arrival distribution function
	Beta distribution

	Randomization period
	Case 1: 60 seconds

Case 2: 10 seconds

	Cell bandwidth
	5 MHz

	PRACH Configuration Index
	6

	Number of dedicated preambles
	10

	Maximum number of preamble transmission
	10

	Number of UL grants per RAR
	3

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission 

	ra-ResponseWindowSize
	5 subframes

	mac-ContentionResolutionTimer
	48 subframes

	VoIP call arrival rate
	7 calls/s

	Message 2 loss
	Considered for 95% coverage

	Message 3 loss
	Modeled for case 3 (25.814), max 3 retransmissions

	Message 4 loss
	Considered for 95% coverage, HARQ
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