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1. Introduction
At RAN2#70bis meeting, it was agreed to have an email discussion on MTC simulations for LTE RAN overload.  The outcome of this email discussion on LTE simulation results is provided in R2-104663 [1]. This paper provides some the basic UMTS simulation results, reusing most of the assumptions discussed in [1].
2. Discussion
2.1.  Simulation scenarios
The goal of the simulations is to assess the performance of a huge number of MTC devices accessing the network more or less at the same time, as well as the impact on the underlying H2H traffic.
In these UMTS simulations, aiming at showing the current performance, no MTC-specific ASC is created and RACH resources (e.g. PRACH and signatures) are shared by both MTC devices and normal UEs.

Some basic parameters suggested for LTE simulations in section 2.1.1 of [1] could be reused in UMTS simulation: number of MTC devices (30000), randomization time period of MTC devices arrivals (both 10 seconds and 1 minute cases), MTC devices arrival distribution (Beta distribution). 
 Also the same MTC traffic model as described in section 2.1.2 of [1] is reused.
Regarding the UMTS specific parameters:

· To evaluate the access performance of UMTS in case of a very high number of RACH resources, the configuration of 8 PRACHs is simulated. Each PRACH is configured with one scrambling code and more than one signature.
· To evaluate the maximum access capability of one PRACH, the number of signatures of each PRACH is set to the maximum value (16).
· The preamble detection probability is considered to be the same as in [1].
· To evaluate the performance difference of using different backoff times, it’s suggested to simulate two sets of NB01: NB01min = 0, NB01max = 30 and NB01min = 20, NB01max = 50   
· The maximum times of preamble retransmission is set to 5.
· The maximum times of PHY layer access procedure in one MAC layer access procedure (Max Preamble Ramping cycle) is set to 3.
· Timer T2 of random access MAC procedure is set to 10ms.
· The maximum times of MAC layer access procedure in one RRC connection request procedure (N300) is set to 3.
· Timer T300 of random access RRC procedure is set to 1000ms.
To verify the impact on H2H traffic some basic assumptions on the traffic are required. The assumptions on H2H traffic and arrival intensity are set to be the same as in [1].
The assumption is that packet transmission is performed in CELL-FACH state, and it may need several access procedures to complete.
To summarize, the suggested basic simulation parameters are listed in Table 2.1-1.

	
Parameter

	Setting

	Number of MTC devices
	30000

	MTC devices arrival distribution function
	Beta distribution (same with [1])

	Randomization period
	Case 1: 60 seconds

Case 2: 10 seconds

	Preamble detection probability
(in case of no collision)
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where i indicates the i-th preamble transmission [1]

	T2
	10ms

	NB01min
	0 , 20

	NB01max
	30, 50

	T300
	1000 ms

	N300
	3

	Maximum times of Preamble retransmission
	5

	Max Preamble Ramping cycle
	3

	Persistence value
	0.3

	AICH Transmission Timing
	1 

	Number of signatures
	16

	Number of PRACH
	8

	Available access slots
	ALL

	VoIP call arrival rate
	7 calls/s 


Table 2.1-1. Basic simulation parameters and settings 
2.2. Performance indicators
2.2.1.  RACH performance
Since the first target of the MTC SI (and then of simulation results) is to evaluate the possible RACH overload generated by MTC devices, a first set of performance indicators should specifically assess the ‘RACH performance’. 

As suggested in [1], this means we could evaluate the:

· Collision rate, defined as the ratio between the number of occurrences of collision and the overall number of preambles in the period. The collision happens when two or more devices send a RA attempt in a same access slot with using exactly the same signature and same scrambling code, or the message parts of two or more devices using the same scrambling code are overlapped in time domain.
· Access Success probability of UE and MTC devices, defined as the probability to successfully complete the random access procedure within the maximum number of preamble transmissions. Notice that MTC devices need 2 preamble transmissions to send RRC-CONNECTION-REQ and RRC-CONNECTION-COMPLETE and complete the access procedure (due to CELL-FACH state), while H2H UEs only need one preamble transmission to complete the access procedure (H2H UEs use CELL-DCH state), which means the access success probability will be different between MTC devices and H2H UEs.
· Access Delay statistics of UE and MTC devices, defined as the CDF of the delay - for each random access procedure - between the first RA attempt and the completion of the random access procedure.
All these statistics should be collected for the period of time between the activation of the first MTC device and the (successful or unsuccessful) completion of the last random access procedure triggered by a MTC device.
2.2.2. MTC application level performance
Similarly with LTE simulation in [1], the ‘application delay’ statistics, i.e. the CDF of the delay between the first RA attempt and the successful reception of the last message at the network side, is proposed to evaluate the application level performance. Another possible indicator is the ‘Completion Success probability’, defined as the probability to successfully complete the MTC session.
Note that differently from the LTE case in [1], to evaluate the MTC application level performance in UMTS no assumptions are made here on the background traffic. This is a simplification which can lead to optimistic results.
A list of parameters and settings for MTC application level performance evaluation is shown in Table 2.
	Parameter
	Setting

	UL data packet size
	200 bytes

	Confirmation packet from the network
	50 bytes

	Ack packet from MD
	50 bytes

	Length of RACH TTI
	10ms

	Bits/ Frame(10msTTI)
	600bits

	MaxDAT
	3, Maximum retransmission times of MAC PDU(the packet may be transmitted with several MAC PDU, i.e. with several access procedures)


Table 2.2-1. Parameters and settings for MTC application level performance evaluation
2.3. Simulation results
2.3.1. RACH performance

In this section only the pure RACH performance is evaluated, according to the parameters listed in Section 2.1 and the indicators presented in Section 2.2.1. 

2.3.1.1. MTC RA attempts randomization period: 10 seconds
	
	NB01min = 0, NB01max = 30
	NB01min = 20, NB01max = 50

	Collision rate
	10.07%
	9.55%

	UE access Success probability
	86.90%
	72.52%

	MTC access Success probability
	25.51%
	25.74%


Table 2.3-1. RACH performance (10 seconds spreading time)
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Figure 2.3-1 Access Delay (10 seconds spreading time)
These results seem to indicate that – even assuming a very high number of RACH resources – current UMTS RACH procedures cannot protect the system in case of a large number of MTC devices (30000) accessing the network more or less at the same time, i.e. when there is no spreading of RA attempts at the application level and the randomization period is only due to lack of clock synchronization.
Besides that, different backoff times seem not to influence the performance too much.
2.3.1.2. MTC RA attempts randomization period: 60 seconds
	
	NB01min = 0, NB01max = 30
	NB01min = 20, NB01max = 50

	Collision rate
	2.36%
	2.36%

	UE access Success probability
	74.14%
	75.86%

	MTC access Success probability
	51.82%
	52.68%


Table 2.3-2. RACH performance (60 seconds spreading time)
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Figure 2.3-2 Access Delay (60 seconds spreading time)
These results seem to indicate that - even assuming a very high number of RACH resources - current UMTS RACH procedures are not sufficient to protect the system also in case of a large number of MTC devices (30000) accessing the network with a large time spreading, e.g. a period of 60 seconds. 
2.3.2. MTC application level performance

In this section only the MTC application level performance is evaluated, according to the MTC traffic model described in [1] and the additional parameters and indicators presented in Section 2.2.2. 

2.3.2.1. MTC RA attempts randomization period: 10 seconds
	
	NB01min = 0, NB01max = 30
	NB01min = 20, NB01max = 50

	Collision rate
	10.08%
	9.87%

	Access Success probability
	19.55%
	19.96%

	Completion Success probability 
	4.76%
	4.96%


Table 2.3-3. RACH and MTC application level performance (10 seconds spreading time)
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Figure 2.3-3 MTC Application Delay (10 seconds spreading time)
These results seem to indicate that the MTC application level performance in case of a large number of MTC devices accessing the network more or less at the same time is rather poor: the overall Application Delay might be acceptable (depending on the application), but only for the very few MTC sessions successfully completing the random access procedure. The fact that the ‘Completion Success probability’ is lower than the ‘Access Success probability’ shows that the access collisions have a strong impact on packet transmission in CELL-FACH state. 
2.3.2.2. 60 seconds MTC RA attempts randomization period: 60 seconds
	
	NB01min = 0, NB01max = 30
	NB01min = 20, NB01max = 50

	Collision rate
	3.92%
	3.85%

	Access Success probability
	44.72%
	44.58%

	Completion Success probability 
	13.9%
	13.83%


Table 2.3-5. RACH and MTC application level performance (60 seconds spreading time)
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Figure 2.3-4 MTC Application Delay (60 seconds spreading time)

These results seem to indicate that the MTC application level performance for a large number of devices accessing the network over a period of 60 seconds is still not acceptable. Although the access collision rate does not seem too high, it has a big impact on the packet transmission.
3. Conclusion

Conclusion: Assuming 30000 MTC devices in the cell, the UMTS access performance  - not considering any MTC-specific ASC - is not acceptable, even assuming a very high number of RACH resources, both in the 10s and 60s randomization cases. It can be concluded that using a time spreading scheme may not be enough to solve RACH overload in UMTS in case of a very large number of MTC devices in the cell, and some other enhancements should be investigated.
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