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Updated Performance evaluation on CCCH and PDCH for IPA
1 Introduction
IPA (Immediate Packet Assignment) was proposed to assign PS resource for more one mobile in one AGCH block. This contribution is an update of [1] and includes more simulation results to show the performance improvements. New simulation results are included in section 2.2, 2.4, 2.5 and 3.
2 CCCH evaluation
2.1 T1+T3 (100% PS MS supporting IPA) same as in [1]
Simulation assumptions:

Simulation assumptions are same as those described in Annex A of [2]. 
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 Table 1 below. 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. One IPA message may contain one, two or three MTC devices. If the network cannot find two or three proper MTC devices to be combined in one IPA message, either IPA or legacy Immediate Assignment message could be used but the simulation results do not change.
Simulation results:
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Figure 1 ASR of legacyCS and MTCPS for T1+T3 (legacy access rate = 5 users/s)
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
· Legacy_A2: ASR for legacy mobiles while IPA addressing up to 2 devices

· MTC_A3: ASR for MTC devices while IPA addressing up to 3 MTC devices per message
· Legacy_A3: ASR for legacy mobiles while IPA addressing up to 3 devices
Results analysis:
From Figure 1 with IPA addressing 2 devices, legacy CS and more than double the number of MTC devices have ASR of 95%. Similarly with IPA addressing 3 devices, legacy CS and more than triple of the number of MTC devices have ASR of 95%. In general the ASR is higher when using IPA compared to IA. 【I propose to make some changes】
2.2 T1+T3 (50% PS MS supporting IPA)
Simulation assumptions:

Assuming all MTC devices use PS access, if considering the penetration of IPA capable devices, it is assumed that half of MTC devices are IPA capable and half of MTC devices are LegacyPS device. IPA capable devices are called MTCPS devices. The arrival rate of LegacyPS device and MTCPS devices is shown in following table 2. 
Table 2 arrival rate of MTC devices when λ1=5
	λ2
=
(arrivals/second)
	5
	10
	15
	20
	25
	30
	35
	40
	45
	50
	55
	60
	65
	70
	75

	λ2_MTCPS
(Supporting IPA)
	2.5
	5
	7.5
	10
	12.5
	15
	17.5
	20
	22.5
	25
	27.5
	30
	32.5
	35
	37.5

	λ2_LegacyPS
(Not Supporting IPA)
	2.5
	5
	7.5
	10
	12.5
	15
	17.5
	20
	22.5
	25
	27.5
	30
	32.5
	35
	37.5


Note: λ2 is the arrival rate of both MTC devices supporting IPA and legacy MSs not supporting IPA. 

The BSS sends legacy IMMEDIATE ASSIGNEMENT messages to LegacyPS and LegacyCS MS, i.e. one mobile per IA. 
Simulation results:
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Figure 2 ASR of LegacyCS, MTCPS, and LegacyPS for T1+T3 (LegacyCS access rate = 5 users/s)

Results analysis:

From Figure 2, the ASR of LegacyPS and MTCPS increase a lot when IPA is used. The ASR of LegacyPS mobile increases about 7% and the ASR of MTCPS devices increase about is 46% when and PS arrival rate λ2=25/s and IPA supporting up to 2 MTCPS devices comparing to the legacy IA message. Similarly the ASR of LegacyPS mobiles increases about 22% and the ASR of MTCPS devices increase about is 80% when PS arrival rate λ2=35/s and IPA supporting at most 3 MTC devices comparing to the legacy IA message.

2.3 T2+T3 (100% PS MS supporting IPA) same as in [1]
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:
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Figure 3 ASR of legacy and MTC for T2+T3 (legacy access rate = 5 users/s)
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.

2.4 T2+T3 (50% PS MS supporting IPA) 
Simulation assumptions:
Assuming all MTC devices use PS access, if considering the penetration of IPA capable devices, it is assumed that half of MTC devices are IPA capable and the left half of MTC devices are LegacyPS device. IPA capable devices are called MTCPS devices. During one second, the number of MTC devices including the MTCPS device and LegacyPS device which trigger the concurrent access is shown in table 4. 
Table 4 arrival rate of MTC devices when λ1=5
	MTC number

(=LegacyPS + MTCPS)
	20
	40
	60
	80
	100
	120
	140
	160
	180
	200

	Legacy_PS
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100

	MTC_PS
	10
	20
	30
	40
	50
	60
	70
	80
	90
	100


Simulation results:
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Figure 4 ASR of LegacyCS, LegacyPS and MTCPS for T2+T3 (legacyCS access rate = 5 users/s)

Results analysis:

From figure 4, with IPA addressing 2 devices ~25% LegacyPS and ~62% MTCPS more devices have ASR of 90% or higher compared to IA alone. Similarly with IPA addressing 3 devices ~39% LegacyPS and ~85% MTCPS more devices have ASR of 90% or higher compared to IA alone

Furthermore, the ASR of LegacyCS maintains to be about 99% no matter IPA is used or not since CS assignment is always prioritized in the simulation.
2.5 Performance improvement

From the simulation results, the performance improvements can be concluded in the following tables. Table 5 and 7 is same as table 4 and 5 in [1].
Table 5 improvement for ASR in T1+T3 scenario (100% PS MS supporting IPA)
	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 6 improvement for ASR in T1+T3 scenario (LegacyPS: MTCPS = 1:1)
	Scenario
	T1+T3

	
	5user/s

	
	LegacyPS_A2
	LegacyPS_A3
	MTCPS_A2
	MTC_A3

	Average improvement (%)
	15
	27
	22
	38

	Maximum improvement (%)
	7
(with 25/s for PS access)
	22
(with 35/s for PS access)
	46
(with 25/s for PS access)
	80
(with 35/s for PS access)


Table 7 improvement for ASR in T2+T3 scenario (100% PS MS supporting IPA)
	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)


Table 8 improvement for ASR in T2+T3 scenario (LegacyPS: MTCPS = 1:1)
	Scenario
	T2+T3

	
	5user/s

	
	LegacyPS_A2
	LegacyPS_A3
	MTCPS_A2
	MTCPS_A3

	Average improvement (%) 
	10
	16
	25
	36

	Maximum improvement (%)
	13

( with 80 MTC devices)
	24

( with 80 MTC devices)
	47

(with 120 MTC devices)
	67

(with 120 MTC devices)


3 PDCH evaluation

Simulation assumptions:
In the real scenario, the arrival rate of PS devices on PDCH depends on the how many devices successfully receive the IPA or IA. To simplify the simulation, it is also assumed that the arrival rate on PDCH also follows Poisson process, and no matter the MTC device is IPA capable or not, the reported packet size for MTC devices is same, i.e. the reported packet size of LegacyPS and MTCPS is same. If the data transmission is not finished within the reporting cycle period (5s), the TBF established for this transmission is considered as blocked. 
Table 9 simulation assumption
	Parameter
	Value

	Cell configuration
	single cell

	Service type
	EGPRS

	Channels for PS allocation
	8 PDCHs

	Radio condition
	Average BLER=10%

	Available USF per PDCH
	7

	Link adaptation
	Disabled, MCS-2 (payload 28 Bytes)

	Traffic mix
	Only PS traffic (LegacyPS and MTCPS) is considered

LegacyCS is not considered after immediate assignment.

	MTC device type
	multislot class 1

	Traffic model for MTC devices
	T1+T3: Poisson arrival process with mean arrival rate
λ2= 20, 25,30,35,…,95/s. 

	Reporting cycle
	5s

	Report size for MTC application
	100, 200 Byte

	MTC Reply from MTC server
	No (note 1)


Note 1: If no reporting ack message sent from MTC server, the uplink TBF can be released immediately after completion of uplink data transmission. For example, after successfully receiving all uplink data, the network will release this uplink TBF after waiting 200 ms. 

Simulation results:

Table 10 UL TBF blocking rate

	λ2
	20
	25
	30
	35
	40
	45
	50
	55

	UL TBF blocking rate 

( LLC PDU =100Bytes)
	0
	0
	0
	0
	0
	0
	0
	0

	UL TBF blocking rate

(LLC PDU =200Bytes)
	0
	0
	0
	0
	0
	0
	0
	0.069

	

	λ2
	60
	65
	70
	75
	80
	85
	90
	95

	UL TBF blocking rate 

(LLC PDU =100Bytes)
	0
	0
	0
	0
	0
	0
	0.013
	0.053

	UL TBF blocking rate

(LLC PDU =200Bytes)
	0.133
	0.206
	0.263
	0.309
	0.365
	0.4
	0.416
	0.457


Results analysis:

From above table 10, it is shown that 8 PDCHs can support the arrival rate of 85/s or 50/s according to reported packet size 100B and 200B respectively. According to the CCCH simulation assumption in MTC, the CCCH can support PS access with 20/s, because only 25 AGCH blocks are availble per second, and 5 for CS and anther 20 for PS. When using IPA, the arrival rate of PS access is higher than 20/s on CCCH but lower than 85/s, which means IPA does increase the CCCH capacity and PDCH resource is not a bottleneck when using IPA on CCCH. 
· ,Assuming 100% of PS devices supporting IPA, the CCCH can support the PS arrival rate with 60/s in T1+T3 scenario and can support the PS arrival rate with average 60/s (=200/3.3) in T2+T3 scenario according to simulation results in table 5 and table 7. While these maximum arrival rate will not result in the congestion on PDCH, because the arrival rate supported by PDCH (90/s with report size of 100B) is higher than that on CCCH (60/s). If report size is 200B, the PDCH could be a bottleneck since 50/s (arrival rate on PDCH) is lower than 60/s (maximum arrival rate on CCCH), but at least CCCH capacity can be increased to 50/s to meet the capacity of PDCH, which also shows the obvious improvment. 
· With less than 100% of PS devices supporting IPA, the supported maximum arrival rate on CCCH is less than the case with out consideration of IPA device penetration. So the PDCH is not bottleneck at all.
4 Conclusion
This paper has presented the Access Success Rate for MTC and legacy devices when using IPA, considering 50% and 100%  penetration of IPA capable devices. From the simulations results it is clear that IPA improves ASR for MTC devices significantly as well as providing some gains for legacy devices. And the simulation results also show that PDCH is not a bottleneck when using IPA. Moreover, the BSS can dynamically configure the PDCHs used for PS service, more than 4 PDCHs could be used when PS service is busy.Therefore IPA provides a chance for the network to make full use of PDCH resource instead of rejecting PS access during random access procedure. 
It is proposed to introduce this new Immediate Packet Assignment message to the standard.
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