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Enhancement on CCCH for MTC
1 Introduction
As pointed out in [1] and [2], there is a risk that all smart meters generate their RACH attempts at, or around, the same time, thus will make congestion on RACH. How too avoid this situation was proposed to be studied in [3].In this paper, a solution for delaying initial simultaneous access attempts was proposed. The protocol level simulation results were also shown for comparing with the legacy mechanism.
2 Proposed Delay Access Solution
In order to show the gains produced by the proposed delay access solution, two mechanisms need to be evaluated, one is the legacy as described in sec 2.1, and another is the proposed mechanism, i.e. delaying access solution, as described in sec 2.2.

2.1 Legacy mechanism

For legacy access mechanism according to [4], a mobile station will immediately send channel request (CR) on RACH after receiving a command from the application in the mobile station. If not receiving the reply on AGCH from the network, the mobile will retransmit CR message up to MaxRe times, see Figure 1.
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Figure 1: Legacy access mechanism
2.2 Proposed delay access solution
For the delay access solution, a mobile station will delay the transmission of channel request message for a randomly chosen period, e.g. a number of slots, after receiving a command from the application in the mobile station. For example, a device randomly selects a number in a uniform way, e.g. 100, from the set {1, 2, 3, …, N_DelaySlots}, and waits 100 slots then sends CR to the network, where:

N_DelaySlots =6000.
N_Devices denotes the number of Devices, such as 1000.

The delay access solution is shown in Figure 2.
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Figure 2: Delay access solution
3 Simulation Results
3.1 Simulation Assumptions

In order to compare the delay access solution with the legacy mechanism, the simulation assumptions are aligned with [5] and [6] and shown in Annex A. Simulations for both of these two mechanisms follow T2 model in [5], i.e. M2M devices initiate the synchronized access within one second. Evaluations were made including RACH and AGCH on protocol level simulations for one cell with one non-combined BCCH. Different cases (N_Devices=100, 200, …, 1000) for legacy mechanism and proposed delay access solution are simulated according to the number of devices which send CR within one second.
3.2 Access success rate
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Figure 3: Comparison of ASR 
Table 1：Comparison of ASR 

	Devices Number
	100
	200
	300
	400
	500
	600
	700
	800
	900
	1000

	Legacy mechanism
	97.00 
	60.00 
	42.33 
	25.25 
	13.20 
	9.16 
	4.42 
	3.75 
	3.88 
	2.00 

	Delay access solution
	99.00 
	99.50 
	99.33 
	99.25 
	98.40 
	99.33 
	99.71 
	99.37 
	98.88 
	99.30 


It is shown in Figure 3 and table 1 that the legacy mechanism can not meet the ASR requirement, i.e. above 97%, except the case of N_Devices = 100 and the delay access solution can meet this requirement.
Conclusion 1: Legacy mechanism can’t meet the ASR (> 97%) requirement when CCCH traffic model follows T2 model. But delay access solution can meet this requirement.

Proposal 1: In order to meet the ASR requirement (>97%), it is proposed for a MTC device to initiate access attempt after randomly waiting for a number of slots within a certain range (1 ~ N_DelaySlots).
3.3 Access Attempts Needed (AAN)
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Figure 4: AAN comparison
For the legacy mechanism, ASR is quite low and most devices can not successfully access to the network in most cases as shown in sec 3.2. For this small amount of devices which get successful access, the number of access attempts from 1 to 5 is almost identical in each case. For the delay access solution, about 75% of devices only need 1 attempt to successfully access to the network in each case.
Conclusion 2: About 75% successful devices (most devices get successful access since ASR is >97%) need 1 attempt to get the successful access in using delay access solution. While the number of access attempts from 1 to 5 is almost identical for the successful devices (most devices fail in access since ASR is very low) in the legacy mechanisms.
3.4 Access time

[image: image5.png]Devices Ratio(%)

For 500

Cormparison of Access Tirme between legacy mechanism and delay access solution

For 800 For 1000
100 1001 100
Legacy Mechanism
Delay Access Solution
90 . El 4 @ .
80 s &0 4 sf B
70 . bl 4 0w s
60} B 60| 4 e e
a0 4 % =0 S 4
a a
a0 . 0 417w .
b s El 4 a;p B
fals . kol 4 = s
f B LIS . 0 e
0 i 0 i 0 —
10? a0’ 10 10? a0’ 10 10? a0’ 10
Time(s) Time(s) Time(s)




Figure 5: Comparison of access time
The ASR of delay access solution is quite higher than the ASR of legacy mechanism, the number of devices which get successful access is quite different. It is not proper to compare the access time basis on a different number. So the comparison made in Figure 5 is based on the same number of devices with successful access. For 500 device case, ASR is 13.2% and 98.4% respectively, so access time is compared only for 13.2% devices in a CDF method. For 800 and 1000 case, the method is similar, and access time is compared under 3.75% and 2% respectively. The results compared under the same number of devices shows that Delay Access solution always has shorter access time than the legacy mechanism. It should be pointed out that there is a trade off between access time and ASR. It is proposed 
Conclusion 3: The results compared under the same number of devices which made the successful access shows that Delay Access solution always has shorter access time than the legacy mechanism. It should be pointed out that there is a trade off between access time and ASR.
3.5 CCCH Capacity Used
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Figure 6: CCCH capacity comparison
It is shown in figure 6 that legacy mechanism has higher CCCH capacity than Delay access solution when device number is less than 400. Delay access solution has a stably high CCCH capacity ( ~ 14%) for all cases, but CCCH capacity of legacy mechanism will drop quickly and greatly when device number is more than 400. When the number of devices is low, devices may not suffer the collisions under Beta distribution to achieve a high CCCH capacity although the ASR is quite low.
Conclusion 4: Delay access solution has a stably high CCCH capacity ( ~ 14%) for all cases, but CCCH capacity of legacy mechanism will drop quickly and greatly when device number is more than 400. When the number of devices is low, devices may not suffer the collisions under Beta distribution to achieve a high CCCH capacity although the ASR is quite low.
4 Conclusions
In order to address the simultaneous access attempts from a large number of MTC devices (T2 model), a solution for delaying initial access attempts was proposed. According to evaluations made on ASR, access time, CCCH capacity, four conclusions are presented below.
Conclusion 1: Legacy mechanism can’t meet the ASR (> 97%) requirement when CCCH traffic model follows T2 model. But delay access solution can meet this requirement.
Conclusion 2: About 75% successful devices (most devices get successful access since ASR is >97%) need 1 attempt to get the successful access in using delay access solution. While the number of access attempts from 1 to 5 is almost identical for the successful devices (most devices fail in access since ASR is very low) in the legacy mechanisms.

Conclusion 3: The results compared under the same number of devices which made the successful access shows that Delay Access solution always has shorter access time than the legacy mechanism. It should be pointed out that there is a trade off between access time and ASR.

Conclusion 4: Delay access solution has a stably high CCCH capacity ( ~ 14%) for all cases, but CCCH capacity of legacy mechanism will drop quickly and greatly when device number is more than 400. When the number of devices is low, devices may not suffer the collisions under Beta distribution to achieve a high CCCH capacity although the ASR is quite low.
According to above conclusions, one proposal is given as below:

Proposal 1: In order to meet the ASR requirement (>97%), it is proposed for a MTC device to initiate access attempt after randomly waiting for a number of slots within a certain range (1 ~ N_DelaySlots).
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6 Annex A Models and Assumptions

6.1 CDF

It considers BLER on both according to given CDF (see Figure 7 and Figure 8). 
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Figure 7: Devices Distribution based on CIR

[image: image8.emf]0.00

0.01

0.10

1.00

0 2 4 6 8 10 12 14 16 18 20 22

CIR[dB]

BLER

RACH BLER AGCH BLER


Figure 8: BLER on RACH & AGCH

6.2 Traffic mode

Devices’ distribution is subject to Beta distribution, see Figure 9
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Figure 9: Devices on each slot based Beta distribution figure (alpha=3, beta=4 and T=1)

6.3 Other assumptions

Table 3: Protocol level parameters

	Parameter
	Value
	Comment

	CCCH assumptions

· Tx-integer

· S

· Max. retrans (M)

· T3142

· T3146
	20

109

4

5 sec.

(Tx+2S)/217=1.1 sec.
	These default values shall be included among those evalutated.

See 3GPP TS 44.018 for implementation details

	BCCH configuration
	Non-combined
	

	PDCH Resource Assignment
	1 TS UL + 1 TS DL (BTTI)
	

	Link adaptation
	Enabled 
	

	Service type
	1. EGPRS

2. GPRS
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