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Enhancement on RACH with mixed traffic
1.
Introduction

According to the [1] and [2], it was stated that the RACH may meet congestion when smart meters are deployed, and mechanisms to spread out the RACH capacity need to be investigated.

In this paper, an enhancement on RACH overload control solution is provided which helps the legacy MSs keep a good ASR and reduces the impacts from the MTC devices when traffic load is high.
The idea of the solution in this paper is the same with the solution described in [3], the only different is in [3] the priority of MTC devices are divide into 4 different level, but in this paper the MTC devices are considered have the same priority level, and corresponding simulation results were updated,

The solution described in [4] from Ericsson was also simulated and results were provided, so comparison can be made.
2.
Proposed RACH Reservation Solution
2.1.
Solution description

In the legacy access mechanism (described in TS44.018), anytime the MS is allowed to send access request to the BSS, even in case RACH meets congestion, the legacy MSs are still allowed to send access request on RACH in any time.

In order to avoid impacts from the MTC devices, in the proposed RACH Reservation solution, the RACH resources are divided into two categories:
	category 1
	only valid for legacy MSs

	category 2
	valid for both legacy MSs and MTC devices


The network can set some RACH resources to only valid for legacy MSs, so those RACH resources will not be affected by the MTC devices. 
When access requests received, the BSS gives priority to the CS services access request and the access request received from the RACH only valid for legacy MSs, as following table:
	High Priority
	received from RACH which only valid for the legacy MSs
	request for CS services and received from RACH which valid for both legacy MSs and MTC devices

	Normal Priority
	request for PS services and received from RACH which valid for both legacy MSs and MTC devices


2.1.1.
BSS Behaviours
The BSS shall indicate the MTC devices which RACHs are valid for them. 
When the access requests received, the BSS will assign the AGCH to the high priority access requests at first.
2.1.2.
MTC device Behaviours
Once the indication from BSS was received, the MTC devices can know the available TDMA frames for them, and shall only send access request on allowed TDMA frames.
3
Simulations
In this section, both simulation of RACH Reservation + Delay Access solution [5] solution (ZTE + Huawei) and Ericsson solution are provided, so that the comparison can be made between two solutions.
	
	Solutions

	1
	Ericsson Solution

	2
	RACH Reservation solution + Delay Access solution (ZTE+Huawei)


Regarding Ericsson solution, we follow the description provided in [4], but made an optimization on it, i.e. the BSS gives the priority to the CS access requests, and will assign the AGCH to the CS access request at first.
3.1.
Simulation Assumption
The following parameters are used in the simulation. 
Note: Successive attempts are not applied in the simulations.

	Parameter
	Value

	CCCH assumptions

· Tx-integer

· S

· Max. retrans (M)

· T3146
· BS_AG_BLKS_RES
	20

109

4

(Tx+2S)/217=1.1 sec.
6

	BCCH configuration
	Non-combined

	Arrival process
	Beta distribution(α=3, β=4 and T =1)

	T1 mode
	40 MTC devices/s

	T2 mode:
Number of devices
	1000 MTC devices
2000 MTC devices


Regarding RACH Reservation solution + Delay Access solution (ZTE+Huawei), the N_MaxDelay is set as below values.
	N_MaxDelay

	T1: 40/s
	6000

	T2: 1000
	12000

	T2: 2000
	24000


Regarding Ericsson solution, Imult is set to 1, then the i = floor(Imult * S) = S = 109
External interference has not been considered during the simulation, so:
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3.2.
Simulation Result

3.2.1
Simulation 1
	T3
	5 legacy MS/s for CS services

	RACH resources only valid for legacy MSs
	50% RACH resources

	RACH resources valid for both legacy MSs and MTC devices
	50% RACH resources


3.2.3
ASR of legacy MSs
Following figures shows the ASR of legacy MSs by using different solutions.
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Figure 1: ASR of legacy MSs within 10s time windows (5 legacy MS/s)
According to the above figure, we can see the ASR of legacy mobiles can always reach 100% by using ZTE+Huawei’s solution, but the Ericsson’s solution cannot reach 100% in some time windows. 
So we can clear see ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
3.2.1
ASR of MTC devices

Following figures shows the ASR of MTC devices by using different solutions.
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Figure 2: ASR of MTC devices within 10s time windows (5 legacy MS/s)
According to the above simulation results, the ASR of MTC devices in T1:40/s+T3:5/s by using Ericsson solution is 20% higher than using ZTE+Huawei solution, but the ASR of MTC devices in T2:2000 +T3:5/s by using ZTE+Huawei solution is more than 20% higher than using Ericsson solution. 
So it is hard to conclude which one is better in this scenario.
3.2.1
Simulation 2

	T3
	5 legacy MS/s for CS services + 15 legacy MS/s for PS services

	RACH resources only valid for legacy MSs
	75% RACH resources

	RACH resources valid for both legacy MSs and MTC devices
	25% RACH resources


3.2.3
ASR of legacy MSs
3.2.3.1
ASR of legacy MSs for CS services

Following figures 3 shows the ASR of legacy MSs for CS services by using different solutions. 
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Figure 3: ASR of legacy MSs for CS services within 10s time windows (20 legacy MS/s)
According to the simulation result, in case T1:40/s + T3 20/s, the ASR of legacy CS can always very close to 100% in all the 10s time windows by using ZTE+Huawei solution, but by using Ericsson solution, the ASR can only reach about 80% in several time windows. And the ASRs of legacy MSs by using ZTE+Huawei solution are always higher than using Ericsson solution. 

So it’s easy to conclude ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
In case T2:2000 + T3 20/s, the ASR of legacy CS can always higher than 90% in all the 10s time windows by using ZTE+Huawei solution, but by using Ericsson solution, the ASRs are lower than 80% in first five 10s time windows. Only until after 70s, the ASRs can get higher than 90% by using the solution.
So ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
In case T2:1000 + T3 20/s, the ASR of legacy CS can always higher than 90% in all the 10s time windows by using ZTE+Huawei solution, and also always higher than using Ericsson solution. 

So it’s easy to conclude ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
3.2.3.1
ASR of legacy MSs for PS services

Following figures 4 shows the ASR of legacy MSs for PS services by using different solutions. 
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Figure 4: ASR of legacy MSs on PS services within 10s time windows (20 legacy MS/s)
According to the above figure 4, in case T1:40/s + T3 20/s, the ASR of legacy PS can always reach 80% in all the 10s time windows by using ZTE+Huawei solution, but by using Ericsson solution, the ASRs are lower 40% in most time windows. 
So it’s easy to conclude ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
In case T2:2000 + T3 20/s, the ASR of legacy PS can always keep higher than 85% in all the 10s time windows by using ZTE+Huawei solution, but by using Ericsson solution, the ASRs are lower than 60% in first four 10s time windows. Only until after 70s, the Ericsson solution can get higher than 85%.
So ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
In case T2:1000 + T3 20/s, the ASR of legacy PS can always keep higher than 85% in all the 10s time windows by using ZTE+Huawei solution, but by using Ericsson solution, the ASRs are lower than 65% in first three 10s time windows. And the ASRs of legacy MSs by using ZTE+Huawei solution are always higher than using Ericsson solution. 
So it’s easy to conclude ZTE+Huawei’s solution is better than Ericsson’s solution in this scenario.
3.2.1
Access success rate of MTC devices
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Figure 5: ASR of MTC devices within 10s time windows (20 legacy MS/s)
According to the above figure 5, by using Ericsson solution the ASRs are higher than using ZTE+Huawei solution, but neither of them can reach 70%.
So both of them are far from ASR required by operators.
4
Conclusion

As described above, a RACH solution was proposed and compared with another proposed solution.

It is concluded that by using ZTE+Huawei solution in most time the ASRs of legacy MSs are better than using another solution.
Proposal: aiming to insure the legacy mobile keep in a high ASR and limited the impacts from MTC devices, it is proposed to reserve part of RACH resources only valid for legacy MSs. 
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6
Appendix

6.1
Legacy User arrival distributions

Each simulation has been performed for 1000 times, following figures show the legacy user arrival distributions.
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