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1. Introduction
In RAN2#70bis meeting, it was decided to evaluate the RACH performance when a large amount of MTC 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 and comparisons.
2. Simulation Basic Configurations
The suggested basic simulation parameters are adopted from Table 1 of [4]. 
Besides the aforementioned parameters, some additional parameters are still taken into account.
· 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.
2.1 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 3. Since the M2M users are distributed within a relatively long interval, the low collision probability and high access success probability can be achieved, and no special measures may be 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 4, 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 5 and Figure 6, 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.
2.2 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 1, 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.
2.3 Simulation Scenario 3: 30,000 M2M Users are Beta distributed within 10s
With to different BO settings, the collision probability and access success probability are listed in Table 3 for the arrival Beta distribution case. Because of non-uniform arrival distribution, .the collision rate is much higher and the success rate is much lower.
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.
· This 10s scenario causes more collision and retransmissions. If the H2H UEs are access together with the MTC UEs, they will suffer the same collision and re-transmissions. For the H2H UEs at the tail of the distribution, the delay may not be acceptable.
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.

3. 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. 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.
4. Reference
[1] TR 37.868, Study on RAN Improvements for Machine-type Communications.
[2] R2-104189, RACH evaluation for MTC in LTE, Ericsson.
[3] R2-103742, RACH overload solutions, ZTE.
[4] [70bis#11] – LTE: MTC LTE simulations, ZTE


















