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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 high priority (emergency) applications keep a good ASR and reduces the impacts from the low priority applications as few as possible when traffic load is high.
This paper is an updated version of GP-110236, mixed traffic and ASR of legacy mobile for each 10s are provided in this version.
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 applications with very low priority are still allowed to send access request on RACH which interferes the high priority applications to reach successful access.

In order to avoid this situation, in the proposed RACH Reservation solution, one improvement is that the network side could control the valid RACH resources for MSs based on different priorities of applications, so that the high priority (emergency) applications can get more RACH resources than usual, i.e. some RACH resources are reserved for high priority (emergency) applications and cannot be used by low priority applications whose access are delay- tolerant. Therefore, the ASR of high priority applications can keep in a high level, and the impacts from low priority applications are limited, however the access of low priority applications may be a bit delayed.
2.1.1.
BSS Behaviours
The BSS shall indicate the MS that the available RACH resources of different priority applications to the MS. e.g. the access request for some low priority applications cannot be sent on some TDMA frames.
2.1.2.
New device (MTC) Behaviours
Once received the indication from BSS, the MTC devices can know the available TDMA frames for each priority based applications. The MTC device shall only send access request only on allowed TDMA frames.
2.2.
Example

In this example, access requests are set to different priorities based on their time tolerations, i.e. priority 1, priority 2, priority 3 and priority4. The priority 1 has the highest priority and cannot be delayed, and the priority 4 has the lowest priority.

Note: In this solution, there is no need for the MS to include the priority into the access request on RACH.
Moreover, the “radio priority” in EGPRS PACKET CHANNEL REQUEST can be used for MTC devices achieve access priority.
The BSS indicates the MTC devices via system information that:

· the applications set to priority 1 are always allowed to send access request on RACH.

· the applications set to priority 2 are not allowed to send access request when the TDMA frame number can be divided exactly by 6.

· the applications set to priority 3 are not allowed to send access request when the TDMA frame number can be divided exactly by 5.

· the applications set to priority 4 are not allowed to send access request when the TDMA frame number can be divided exactly by 4 and the next TDMA frame.

Therefore, the available TDMA frame numbers for different priority applications can be shown as following table (green represents available TDMA frame and red represents unavailable TDMA frame): (the table has been updated based on example changed)
	TDMA Frame Number
	1
	2
	3
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Once the unavailable TDMA frame is met,

· For the first access request message, the MTC devices shall delay send that message until next available TDMA frame.
· For other access request messages, the MTC devices shall not send that access request.
3
Simulations
In this section, the simulation of legacy mechanism and proposed RACH Reservation solution are provided. Moreover, since the proposed solution can work together with the Delay Access solution which was proposed by HW in [3], the simulation of Delay Access solution and Delay Access solution + RACH Reservation solution are also provided, so that the comparison can be made among different solutions.
	
	Solutions

	1
	Legacy mechanism

	2
	RACH Reservation solution

	3
	Delay Access solution

	4
	Delay Access solution + RACH Reservation solution


3.1.
Simulation Assumption
Number of the MTC devices trigger access in the same second. In addition, 5 legacy mobile stations trigger access in every second.
The following parameters are used in the simulation.
	Parameter
	Value

	CCCH assumptions

· Tx-integer

· S

· Max. retrans (M)

· T3146
· BS_AG_BLKS_RES
	20

109

4

(Tx+2S)/217=1.1 sec.
7

	BCCH configuration
	Non-combined

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

	Number of devices
	100

300

500

1000

2000


For Delay Access solution and Delay Access solution + RACH Reservation solution, the N_MaxDelay is set to 6000.
For RACH Reservation solution and Delay Access solution + RACH Reservation solution, the mechanism described in subclause 2.2 is applied, and it is assumed that:
	
	Application proportion（%）

	Priority 1
	10

	Priority 2
	10

	Priority 3
	30

	Priority 4
	50


External interference has not been considered during the simulation, so:
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3.2.
Simulation Result

All Simulation results have been updated, because 5 legacy MSs trigger access in each second is added into the simulation.
3.2.1
Access success rate
Following figures shows the ASR of MTC devices.
	Legacy mechanism
	RACH Reservation solution
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Priorit1
Priorit2
Priorit3
Priorit4
1000
2.9%
2%
2.5%
2%
2000
0.9%
0.6%
0.8%
0.8%

	　
Priorit1
Priorit2
Priorit3
Priorit4
1000
17.5%
12.8%

6.3%

1.5%

2000
4.7%

3.1%

1.3%

0.5%



	

	Delay Access solution
	Delay Access solution + RACH Reservation solution
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Priorit1
Priorit2
Priorit3
Priorit4
1000
68%
67%
67%
66%
2000
39%
39%
39%
39%

	　
Priorit1
Priorit2
Priorit3
Priorit4
1000
80% 
75% 
73% 
54% 
2000
58% 
51% 
48% 
25% 



According to the above simulation results, the ASR is much higher than Legacy mechanism when the RACH Reservation solution is applied, especially when there are more than 100 devices. 
Also, by using Delay Access solution + RACH Reservation solution can reach higher ASR than other solutions, especially when there are more than 1000 devices.
And it is clear to see MTC devices with priority 1/2/3 can reach higher ASR than other solutions when RACH Reservation solution is applied, especially MTC devices with priority 1 can get highest ASR.
3.2.2
First access attempt success number
Following figures shows the successful number of first access attempt.
	Legacy mechanism
	RACH Reservation solution
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Priorit1
Priorit2
Priorit3
Priorit4
1000
1.05 
0.55 
2.75 
3.65 
2000
0.45 
0.50 
1.80 
1.80 

	　
Priorit1
Priorit2
Priorit3
Priorit4
1000
4.40 
2.65 
4.55 
2.45 
2000
2.75 
1.55 
2.45 
1.40 


	Delay Access solution
	Delay Access solution + RACH Reservation solution
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Priorit1
Priorit2
Priorit3
Priorit4
1000
4.75 
5.90 
17.25 
28.55 
2000
2.95 
3.40 
11.40 
18.00 

	　
Priorit1
Priorit2
Priorit3
Priorit4
1000
6.85 
6.35 
21.65 
30.65 
2000
4.40 
3.75 
12.70 
17.35 



According to the above figures, there are more devices could successfully access within the first access request only, when Delay Access solution + RACH Reservation solution is applied.
3.2.3
Access time of MTC devices
Following figure shows the access time of MTC devices.

	Legacy mechanism
	RACH Reservation solution
	Delay Access solution
	Delay Access solution + RACH Reservation solution
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According to the above figure, that RACH Reservation solution doesn’t increase access delay.
3.2.4
Access success rate of legacy MSs
Following figures shows the ASR of legacy MSs.
	Legacy mechanism
	RACH Reservation solution
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	0~10s

10~20s

20~30s

30~40s

1000
0.81 
-

-

-

2000
0.76 
-

-

-



	

	Delay Access solution
	Delay Access solution + RACH Reservation solution

	[image: image17.png]0~10s 10~20s 20~30s 30~40s
time interval




	[image: image18.png]10~20s 20~30s
time interval






1

	~20s

	20~30s

	30~40s


	1000
	0.72 
	0.60 
	0.66 
	0.11 

	2000
	0.45 
	0.33 
	0.45 
	0.13 


	
	　
0~10s

10~20s

20~30s

30~40s

1000
0.87 
0.78 
0.80 
0.52 
2000
0.59 
0.54 
0.62 
0.30 



According to the above figure, that legacy MSs can reach a higher ASR when RACH Reservation solution is applied.
3.2.5
Access time of Legacy MSs
Following figures shows the access time of legacy MSs.
	Time Interval
	Legacy mechanism
	RACH Reservation solution
	Delay Access solution
	Delay Access solution + RACH Reservation solution
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According to the above figure, that RACH Reservation solution doesn’t increase access delay.
4
Conclusion

As described above, a RACH solution based on different priority is provided, and the network is allowed to reserve some RACH resources for high priority applications by using provided solution, so that the ASR of high priority applications can keep in a high level. 
Proposal: aiming to insure the high priority (emergency) applications keep in a high ASR, it is proposed to reserve some RACH resources for high priority applications.
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