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Updated performance evaluation on IPA
1 Introduction
To evaluate the benefits of the proposed IPA (Immediate Packet Assignment) which aims to improve the CCCH capacity, the paper updates the simulation results with the consideration of the legacy mobiles.
2 Simulation
2.1 T1+T3 
Simulation assumptions:

Simulation assumptions are same as those described in Annex A of [1]. 
The arrival of both legacy mobile stations and MTC mobile stations follow Poisson distribution. The arrival rate of MTC devices is described by λ2 while the arrival rate of legacy mobiles is λ1=5, see following table 1. All procedures including initial access and retransmission follow the rules defined in 44.018. Evaluations were made including RACH and AGCH on protocol level simulations for one cell with one non-combined BCCH. The simulation is performed for 0~120 seconds, and the Access Success Rate (ASR) is evaluated based on the results from 10~60 seconds.
Table 1 arrival rate of MTC devices when λ1=5
	λ2
(arrivals/second)
	5
	20
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60
	65
	70
	75


Note: λ is the total number of arrival mobiles per second

Legacy Immediate Assignment message is used for legacy mobiles, and new IPA message is used for MTC devices. When assigning resource for MTC devices, one IPA message may contain one, two or three MTC devices.
Simulation results:

Figure 1 shows the Access Success Rate (ASR) for legacy mobiles and MTC devices when λ1=5. 
Clarifications for the figures:

· MTC_A1: ASR for MTC devices while legacy IA is used for MTC devices (one device per IA)
· Legacy_A1: ASR for legacy mobiles while legacy IA is used for  MTC devices (one device per IA)
· MTC_A2: ASR for MTC devices while IPA addressing up to 2 MTC devices per message , which means IPA may assign one or two MTC devices according to the T3146 limitation
· Legacy_A2: ASR for legacy mobiles while IPA supporting to address up to 2 devices

· MTC_A3: ASR for MTC devices while IPA addressing up to 3 MTC devices per message, which means IPA may assign one, two or three MTC devices according to T3146 limitation
· Legacy_A3: ASR d for legacy mobiles when while IPA supporting to address up to 3 devices

Results analysis:
From Figure 1, the ASR of legacy mobiles and MTC devices is doubled when IPA supporting at most 2 MTC devices comparing to the legacy IA message. Similarly the ASR of legacy mobiles and MTC devices is tripled when IPA supporting at most 3 MTC devices comparing to the legacy IA message. 
The increase of ASR for both legacy and MTC is significant when IPA is introduced in T1+T3 scenario.
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Figure 1 ASR of legacy and MTC for T1+T3 (legacy access rate = 5 users/s)
2.2 T2+T3
Simulation assumptions:

In one second 20 AGCH blocks carry IPA and another 5 AGCH blocks carry legacy IA., Each IPA can assign resources up to 3 devices. In theory 200 (=20/s *3.3s * 3) MTC devices can be assigned resources within 4 retransmission period (3.3s). Therefore in T2+T3 scenario, the number of MTC devices which trigger the concurrent access within one second should not be more than 200, otherwise, the ASR of MTC will be decreased.
The simulation is performed for 0~60 seconds, and the ASR is evaluated based on the results from 0~60 seconds. Concurrent access of MTC devices happen in the No.0 second, and simulated number of MTC devices is shown in figure 3 when the arrival rate of legacy mobile is λ1=5.
Table 3 arrival rate of MTC devices when λ1=5
	MTC number
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200


Simulation results:

Figure 3 is the Access Success Rate (ASR) for legacy mobiles and MTC devices when λ1=5.  
MTC_A1, MTC_A2, MTC_A3, Legacy_A1, Legacy_A2 and Legacy_A3 have the same meaning as in T1+T3 scenario.
Results analysis:

From Figure 3, it is clear that ASR of legacy and MTC devices is proportional to the number of devices addressed by IPA.. Furthermore,  the increase in ASR for MTC devices is more significant than the increase ASR for legacy mobiles when IPA is used, which means IPA is very beneficial for the devices which trigger concurrent access. The reason is that legacy mobiles always get assignments with higher priority, so high ASR is always guaranteed for legacy mobiles (assuming there is no RACH congestion). 
The ASR increase for both legacy and MTC devices is significant when IPA is introduced in T2+T3 scenario.
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Figure 3 ASR of legacy and MTC for T2+T3 (legacy access rate = 5 users/s)

2.3 Performance improvement

From the simulation results, the performance improvements can be concluded in the following table.
Table 4 improvement for ASR in T1+T3 scenario
	Scenario
	T1+T3

	
	5user/s

	
	Legacy_A2
	Legacy_A3
	MTC_A2
	MTC_A3

	Average improvement (%)
	40
	86
	57
	92

	Maximum improvement (%)
	79

(with 35/s for MTC access)
	145

(with 60/s for MTC access)
	81

(with 35/s for MTC access)
	157

(with 60/s for MTC access)


Table 5 improvement for ASR in T2+T3 scenario
	Scenario
	T2+T3

	
	5user/s

	
	Legacy_A2
	Legacy_A3
	MTC_A2
	MTC_A3

	Average improvement (%) 
	1.8
	2.6
	3.15
	3.85

	Maximum improvement (%)
	4.7

(with 150 MTC devices)
	6

(with 160 MTC devices)
	66.5

(with 200 MTC devices)
	94.5

(with 200 MTC devices)


3 Conclusion
This paper has presented the Access Success Rate for MTC and legacy devices when using IPA. From the simulations results it is clear that IPA improves ASR for MTC devices significantly as well as providing some gains for legacy devices. It is proposed to introduce this new Immediate Packet Assignment message to increase not only the AGCH capacity but also to minimize impact on RACH.
4 References
[1]
GP-101283, Enhancement on CCCH for MTC, Huawei Technologies Co., Ltd., GERAN#47, Kunming, China, May 17 th~ 21st 2010

































































































































4

