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Evaluation on RACH solutions with mixed traffic
1 Introduction
This paper is updated version for GP-110261 and G2-110005, see [1] and [5]. It added ASR of legacy mobiles within consecutive 10s time windows for two solutions [2] [3]. And the modification different from previous is marked with yellow highlight.
2 Impact on legacy mobile
2.1 Simulation assumptions
Simulation assumptions：

The evaluation period is 10s which begins at MTC devices initiating their traffic. In T2 scenario, MTC devices trigger the synchronized access within one second, meanwhile, and meanwhile, legacy mobile stations will randomly access the network following Poisson distribution with the rate of 5 users / second during all simulation time.
The C/I distribution for MTC devices is not based on CDF method in previous contribution [3] Now the C/I distribution of MTC devices is updated based on the CDF method in Figure 5 in ANNEX A sec 5.1. The legacy mobile stations’ C/I CDF is same as MTC devices as shown in figure 10. The Network doesn’t send immediate assignment reject message.
Huawei solution selected 20000 (frames) and Ericsson solution selected spread parameter which is 109. 
The number of MTC devices in T2 mode is 500, 750, 1000 and 1500 respectively. ASR of legacy mobile stations are provided for each 10s window to show the “real time” impact on legacy mobiles.
ASR evaluation：

The legacy mobile stations’ ASR is investigated by the legacy mobile stations which initiate access procedure within the entire simulation period. The ASR of legacy mobiles within all 10s time windows are also provided. But it should be mentioned that the legacy mobile stations do not always complete access during this 10s time window. For example, some legacy mobile station sends Channel Request at end of evaluating period, but doesn’t receive response from network by the end of 10s evaluating period. This mobile station will retransmit this CR after the evaluating period. If the retransmitted access from this legacy MS is successfully received by the network, this mobile station will be counted in the number of mobile stations which accessed successfully. Before the evaluating period starts, no legacy mobile stations trigger the initial access to the network.

2.2 Simulation results

The simulation shows the similar results as given in [4]. For Huawei solution, the behaviour of legacy mobiles and MTC devices is same after sending the first CR, so it is thought that the legacy mobile stations’ ASR is very similar/close as MTC devices. 
For Ericsson solution, simulation results show that the ASR of legacy mobile stations within the first and second 10s window is quite low, and also quite lower than that of MTC devices.

The ASR of legacy mobile stations should not be decreased when MTC devices access the network simultaneously. It is proposed that operators should consider which ASR can be acceptable.
The simulation results were given in following figures. For legacy mobiles, the proposed average ASR requirement with value 98% and the proposed ASR requirement for each 10 s window with value 97% are marked with red dotted line. For MTC devices, the proposed average ASR requirement with value 90% is marked with red dotted line.
ASR:
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figure 1: Average ASR for legacy mobiles

Conclusion:

With all scenarios (N=500, 750, 1000 and 1500), HW solution can meet the 98% average ASR requirement for legacy MS, but Ericsson can’t meet when N=1000 or 1500, see figure 1.
[image: image2.png]MTC Devices ASR (%)

MTC Devices ASR

== HW_20000

~—4—Eric_109

500

750 1000 1500
MTC Devices Number





figure 2: Average ASR for MTC devices

Conclusion:

With all scenarios (N=500, 750, 1000 and 1500), HW solution can meet the average ASR requirement for MTC devices, but Ericsson can’t meet when N=1000 or 1500, see figure 2.
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figure 3: Legacy ASR within 10s time windows (N=500)

Conclusion:

1. For 500 devices, HW solution can meet the 97% ASR requirements within all time windows, and for Ericsson solution see figure 3, the legacy ASR in first time window can’t meet the requirement.
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figure 4: Legacy ASR within 10s time windows (N=750)

Conclusion:

1. For 750 devices, HW solution can meet the 97% ASR requirements within all time windows, and for Ericsson solution, see figure 4, the legacy ASR in first time window can’t meet the requirement.
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figure 5: Legacy ASR within 10s time windows (N=1000)

Conclusion:

1. For 1000 devices, HW solution can meet the 97% ASR requirements within all time windows, and for Ericsson solution, see figure 5, the legacy ASR in 1st and 2nd time window can’t meet the requirement.
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figure 6: Legacy ASR within 10s time windows (N=1500)

Conclusion:

1. For 1500 devices, HW solution can meet the 97% ASR requirements within all time windows, and for Ericsson solution, see figure 6, the legacy ASR in first several time windows can’t meet the requirement.
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figure 7: 50% Access Time Comparison for MTC Devices
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figure 8: 95% Access Time Comparison for MTC Devices

Conclusion:

With all scenarios (N=500, 750, 1000 and 1500), HW’s Access time is longer than Ericsson, see figure 7 and figure 8. If considering MTC devices are time tolerant and ASR for legacy MS is more important, the impact given by HW solution can be accept.
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figure 9: CCCH Capacity Used Comparison for MTC Devices

Conclusion:

With all scenarios (N=500, 750, 1000 and 1500), HW’s CCCH Capacity Used is higher than Ericsson, see figure 9.

3 Conclusions
This paper gives the simulation results for T2+T3 scenario, the average ASR for legacy MS and MTC devices, the ASR for legacy MS within each 10s window, the Access time for MTC devices, and the CCCH capacity are compared for Huawei and Ericsson solution. Huawei solution shows advantage on average ASR for legacy MS and MTC devices, on ASR for legacy MS in each 10s window, and on CCCH capacity, but has some disadvantage on the Access time for MTC devices. But the sourcing company believes the ASR for legacy has higher priority, to guarantee the ASR for legacy MS and MTC devices, a little longer access time for MTC device and especially MTC devices with delay tolerant attribute could not be a problem.
Proposal: 
To avoid the impact on the ASR of legacy and simultaneously to guarantee a high ASR of MTC, it is proposed to use Huawei initial access delay solution to solve the RACH congestion.
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5 Annex A Models and Assumptions

5.1 CDF

Device CDF on CIR distribution on RACH and AGCH is same, see figure 10. BLER on RACH and on AGCH is different and all less than 22 dB. If User’s CIR is higher than 22 dB with CIR, the BLER for this user will be zero. Details for BLER could be seen in figure 11. 
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figure 10: Devices Distribution based on CIR
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figure 11: BLER on RACH & AGCH

5.2 Traffic mode

Devices’ distribution is subject to Beta distribution, see figure 12.
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figure 12: Devices on each slot based Beta distribution figure (alpha=3, beta=4 and T=1)

5.3 Other assumptions

Table 1: 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
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