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Further Performance evaluation on CCCH enhancements

1 Introduction
Performances on CCCH enhancements [1] [2] [3] were discussed in previous meetings. This paper provides more details on the comparison of proposals from [1] and [2]. Impact on legacy mobiles and CCCH capacity is evaluated in T2 scenario.
2 Discussion

2.1 Performance comparison
In Huawei solution, device should randomly delay the initial access within a preconfigured period. The simulation results are updated when T3146=1.1s is used. And performance comparisons are made between Huawei solution and Ericsson solution.
Mean RACH and Mean AGCH in [4]only count the frames occupied by the devices, but don’t count the blank frames which can not be used for any devices because some assignment chances are wasted for no RACH attempts are successfully decoded. So Mean RACH and Mean AGCH can not reflect the actual capacity of CCCH and another CCCH capacity evaluation method is proposed as following:
CCCH capacity 
=Users with successful access / Total CCCH frames
Where Total CCCH frames count all frames for the whole RACH and AGCH procedure from the first RACH access triggered by the first device to the last AGCH block assigned to the last device.
Three delay parameters are considered for each solution and corresponding simulation results are listed in the following tables when user number is 500, 1000 and 2000.
Table 1: Results with T3142 and T3146, when Devices N=500:
	Solution
	Delay

Parameter
	Devices N
	ASR

(T3146)


	ASR

(T3142 and T3146)
	Mean

delay(s)
	CCCH Capacity (%)

	Huawei
	6000
	500
	99.60
	99.60
	13.85
	8.12

	Huawei
	10000
	500
	99.60
	99.60
	23.23
	4.8

	Huawei
	20000
	500
	99.60
	99.60
	45.34
	2.47

	Ericsson
	60
	500
	99.20
	25.80
	10.35
	6.42

	Ericsson
	109
	500
	99.00
	26.40
	11.73
	3.37

	Ericsson
	200
	500
	99.00
	24.20
	12.65
	1.78


Table 2: Results with T3142 and T3146, when Devices N=1000:

	Solution
	Delay

Parameter
	Devices N
	ASR

(T3146)
	ASR

(T3142)
	Mean

delay(s)
	CCCH Capacity (%)

	Huawei
	6000
	1000
	62.60
	62.60
	15.36
	9.56

	Huawei
	10000
	1000
	99.60
	99.60
	23.42
	9.81

	Huawei
	20000
	1000
	99.90
	99.90
	46.24
	4.99

	Ericsson
	60
	1000
	86.80
	12.20
	18.12
	7.98

	Ericsson
	109
	1000
	97.20
	12.00
	21.19
	6.42

	Ericsson
	200
	1000
	98.80
	12.00
	24.19
	3.54


Table 3: Results with T3142 and T3146, when Devices N=2000:

	Solution
	Delay

Parameter
	Devices N
	ASR

(T3146)
	ASR

(T3142)
	Mean

delay(s)
	CCCH Capacity (%)

	Huawei
	6000
	2000
	36.10
	36.10
	15.68
	10.9

	Huawei
	10000
	2000
	54.50
	54.50
	24.71
	10.28

	Huawei
	20000
	2000
	99.30
	99.30
	47.09
	9.81

	Ericsson
	60
	2000
	55.20
	5.75
	22.80
	9.84

	Ericsson
	109
	2000
	81.35
	5.65
	33.79
	8.39

	Ericsson
	200
	2000
	96.55
	6.00
	41.72
	6.45


2.2 Impact on legacy mobiles
In order to check the impact of legacy mobiles, the present paper respectively shows the impact on ASR of legacy mobiles for Ericsson’s solution [4] and Huawei’s solution [1] [2] [3]. 
· Ericsson solution

For Ericsson’s solution, 5 transmission periods are considered according to 5 (maximum) RACH access and corresponding assignments [5], and the calculation is based on the ideal radio condition that is no BLER is considered. 
Trans_0 denotes the time period of the first transmission of Channel Request message, and Trans_1-4 denote the 1-4 time period of the 1st-4th retransmission. 
Each Trans_n (n=0 ~4) period is determined by the parameter i, k and T and calculated by
[image: image1.wmf](

)

(

)

i

T

k

1

1

-

-

=
[image: image2.wmf](

)

(

)

S

i

T

k

S

-

-

-

+

]

1

1

[


For example, when i=109, k=1, T=20, then Trans_1=2071 slots = 9.6 s
Within in each Trans_n period, M legacy mobiles are considered. For example, within Trans_0 (1s) there are M devices trigger the random access, and within Trans_1 (9.6s) there are another M devices trigger the random access while previous M devices within Trans_0 period will not be considered any more. 

Legacy mobiles number M is much small compared with the Device number N in this calculation. For example M=40 is considered as a small value compared with N=1000, within Tran_1 period (9.6s) the ASR of these 40 legacy mobiles will be below 75% which means 10 mobiles will fail in establishing CS call. If the rush hour is within the same 9.6s, and it is assumed that more than 40 legacy mobiles will trigger the access in this period, so the impact on ASR of the legacy mobiles will decrease seriously.
The results of legacy mobiles for Trans_0 and Trans_1 are listed in Table 4,5, 6 and Annex 5.4 gives the rest results during other retransmission period. Details for ASR calculation of legacy mobiles can be seen in annex 5.5.
If BLER of RACH and AGCH in live radio condition are considered, the ASR of the legacy mobile will drop in some degree.

· Huawei solution

For Huawei's solution, the first initial access of M2M devices is randomly delayed in Huawei solution, the access behavior from the first initial access and the following retransmission is same as legacy mobiles, so there is no impact on legacy mobilesand ASR for legacy mobile can be considered the same as M2M devices [6].
When ASR for legacy mobiles is less than 80%, the results were marked with a red font. It is proposed that operators should consider which ASR can be acceptable.
Table 4: ASR for legacy mobiles with Huawei and Ericsson solution (N=500)
	Solution
	Delay Parameter
	Slots
	Time(s)
	ASR(%)

	Huawei
	6000
	6000
	27.7
	99.60

	
	10000
	10000
	46.2
	99.60

	
	20000
	20000
	92.3
	99.60

	Ericsson

(Trans_0)
	60
	217
	1.0
	23.05

	
	109
	217
	1.0
	23.05

	
	200
	217
	1.0
	23.05

	Ericsson
(Trans_1)
	60
	1140
	5.3
	79.02

	
	109
	2071
	9.6
	96.46

	
	200
	3800
	17.5
	100.00


Table 5: ASR for legacy mobiles with Huawei and Ericsson solution (N=1000)
	Solution
	Delay Parameter
	Slots
	Time(s)
	ASR(%)

	Huawei
	6000
	6000
	27.7
	62.60

	
	10000
	10000
	46.2
	99.60

	
	20000
	20000
	92.3
	99.90

	Ericsson

(Trans_0)
	60
	217
	1.0
	4.89

	
	109
	217
	1.0
	4.89

	
	200
	217
	1.0
	4.89

	Ericsson
(Trans_1)
	60
	1140
	5.3
	51.33

	
	109
	2071
	9.6
	75.25

	
	200
	3800
	17.5
	94.83


Table 6: ASR for legacy mobiles with Huawei and Ericsson solution (N=2000)
	Solution
	Delay Parameter
	Slots
	Time(s)
	ASR(%)

	Huawei
	6000
	6000
	27.7
	36.10

	
	10000
	10000
	46.2
	54.50

	
	20000
	20000
	92.3
	99.30

	Ericsson

(Trans_0)
	60
	217
	1.0
	0.05

	
	109
	217
	1.0
	0.05

	
	200
	217
	1.0
	0.05

	Ericsson
(Trans_1)
	60
	1140
	5.3
	29.32

	
	109
	2071
	9.6
	47.77

	
	200
	3800
	17.5
	71.78


Conclusion：

When number of devices reaches 2000, it will cause serious congestion for Ericsson’s solution during the first sending and following retransmission.
2.3 Delay issue in T2

For delay time, we think the requirement for the same service should be same, no mater how many the number of users. In massive users’ scenario, such as 1000 users, if the timer is 30s to complete all reports, then for 10 users, the time is 30s too. 
3 Conclusions
Proposal: 
1. Consider the impact on legacy mobile in T2. Solutions should avoid the impact on legacy mobiles.
2. The requirement for delay should be same for the same service.
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5 Annex A Models and Assumptions

5.1 CDF

It considers BLER on both according to given CDF (see Figure 1 and Figure 2). 
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Figure 1: Devices Distribution based on CIR
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Figure 2: BLER on RACH & AGCH

5.2 Traffic mode

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

5.3 Other assumptions

Table 7: 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
	

	# AGCHs per 51-multiframe
	6
	

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

	Link adaptation
	Enabled 
	

	Service type
	1. EGPRS

2. GPRS
	


5.4 Impact to H2H during trans_2-4
	Solution
	Users
	Delay Parameter
	Slots
	Time(s)
	ASR(%)

	Ericsson
(Trans_2)
	500
	60
	2280
	10.5
	97.86

	
	
	109
	4142
	19.1
	100.00

	
	
	200
	7600
	35.1
	100.00

	
	1000
	60
	2280
	10.5
	79.02

	
	
	109
	4142
	19.1
	96.46

	
	
	200
	7600
	35.1
	100.00

	
	2000
	60
	2280
	10.5
	51.33

	
	
	109
	4142
	19.1
	75.25

	
	
	200
	7600
	35.1
	94.83

	Ericsson
(Trans_3)
	500
	60
	3420
	15.8
	99.97

	
	
	109
	6213
	28.7
	100.00

	
	
	200
	11400
	52.6
	100.00

	
	1000
	60
	3420
	15.8
	92.38

	
	
	109
	6213
	28.7
	99.86

	
	
	200
	11400
	52.6
	100.00

	
	2000
	60
	3420
	15.8
	67.47

	
	
	109
	6213
	28.7
	89.71

	
	
	200
	11400
	52.6
	99.61

	Ericsson
(Trans_4)
	500
	60
	4560
	21.0
	100.00

	
	
	109
	8284
	38.2
	100.00

	
	
	200
	15200
	70.2
	100.00

	
	1000
	60
	4560
	21.0
	97.86

	
	
	109
	8284
	38.2
	100.00

	
	
	200
	15200
	70.2
	100.00

	
	2000
	60
	4560
	21.0
	79.02

	
	
	109
	8284
	38.2
	96.46

	
	
	200
	15200
	70.2
	100.00


5.5 Calculate ASR of H2H with Ericsson solution

In Ericsson solution, setting parameter i = 109, and 1000 MTC devices trigger the synchronized reporting. Then there are 2071 slots within the first retransmission period. It is assumed that there are 20 H2H terminals to initiate access to RACH including initial access and retransmissions during the first retransmission period. It is believed that the access bursts from 1000 MTC devices and the 20 H2H terminals follows the T1 model because the 1000 MTC devices randomly selected a slot to access uniformly in the 2017 slots and the H2H terminals follows the T1 model. Considered that the number of accesses from the H2H terminals relative to that from the MTC devices is very small, the access bursts caused by H2H terminals on RACH can be ignored when the ASR is calculated according to the T1 model.

With this scenario:
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ASRRACH denotes ASR on RACH for all the accesses including accesses from MTC devices and those from H2H terminals, that is 
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ASRAGCH denotes ASR on AGCH (only 6 CCCH blocks allocated for AGCH) all the successful RACH accesses including accesses from MTC devices and those from H2H terminals, then
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Where, NRACH denotes the number of users who access successfully on RACH. And NAGCH denotes the number of AGCH blocks during the said period.

So ASR for legacy mobile both on RACH and AGCH is
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So, AFR(Access Failed Ratio) for legacy mobile both on RACH or AGCH is 


[image: image10.wmf]%

64

.

75

%

36

.

24

1

1

=

-

=

-

=

ASR

AFR


So, AFR for the all 5 time is 
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That says the ASR for legacy mobiles within an immediate assignment procedure (Maxre =4) [5] will descend to 75.25%.

The above calculation results ignored H2H impact, if considered H2H, Lambda will be bigger, the ASR on RACH and AGCH will descend, and the final ASR will descend too. According to the above result, 10 users will be failed to access network if there are 40 users which access network during this period.
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