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Further Evaluation of RACH Procedures
 for Low Priority MTC Devices 
1 Introduction

This paper is a follow-up to the earlier discussion paper [1] from GERAN#50, and presents yet another set of evaluations of CCCH capacity and performance in mixed traffic scenarios with simultaneous CS legacy and MTC traffic as specified in [1] and [5]. A comparison is made between the different RACH procedures as proposed by Ericsson in [2] and Huawei in [3], together with the legacy procedure as given by [7]. 

This paper repeats pretty much the same evaluations as in [1], but with the difference that: 

1) The Ericsson proposal ([2]) is evaluated both with and without a small initial wait period before the first initial access attempt.

2) The Huawei proposal ([3]) is evaluated for a maximum initial waiting time of both 6000 as well as 10000 delay slots. 

3) An additional scenario has been added where the background load consists of Legacy PS users with a mean arrival rate of 15 users/second in addition to the Legacy CS devices with a mean arrival rate of 
5 users/second.  
4) Also the case when there is no MTC users in the system at all is added to each scenario. 
2 Simulation Assumptions

The two traffic models that have been investigated are the mixed traffic scenarios of [1] and [5] according to the following four scenarios:
Scenario 1: T1(MTC) + T3(CS) - Uncoordinated/non-synchronized network accesses by the MTC devices modelled as a Poisson arrival process with mean arrival rates of 0, 5, 10, 15, 20, 25 and 30 devices per second. Legacy CS traffic is modelled as another Poisson arrival process with a mean arrival rate of 5 devices per second. 

Scenario 2: T1(MTC) + T3(CS+PS) - Same as Scenario 1 above, but where in addition also Legacy PS traffic is modelled as yet another Poisson arrival process with a mean arrival rate of 15 devices per second. 
Scenario 3: T2(MTC) + T3(CS) - Coordinated/synchronized network access by the MTC devices where all MTC devices initiate their traffic within a window of 1 second starting at t=10s. The different numbers of simultaneously arriving MTC devices that have been simulated are 0, 10, 100, 500, 1000 and 2000, respectively. Legacy CS traffic is modelled as another Poisson arrival process with a mean arrival rate of 5 devices per second. 

Scenario 4: T2(MTC) + T3(CS+PS) - Same as Scenario 3 above, but where in addition also Legacy PS traffic is modelled (according to traffic scenario T3 in [1]) as yet another Poisson arrival process with a mean arrival rate of 15 devices per second.
For the accessing MTC devices, the evaluated RACH procedures are:
A.
As per PS legacy procedures defined in Section 3.3.1.1.2 of [7]
B.
As per the Ericsson proposal [2], with spread parameter 
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 without any wait period before the first access attempt.
C.
As per the Ericsson proposal [2] with spread parameter 
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 and with a small initial wait period identical to the one used already for all legacy cases except device initiated PS access.

D.
As per the Huawei proposal [3] with maximum initial waiting time 
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E.
As per the Huawei proposal [3] with maximum initial waiting time 
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All traffic is assumed to be device initiated and no low-priority indication made by the MTC device is taken into account (as was done in [1]).  In all other aspects the same simulator setup is used in this paper as was used in [1].
3 Simulation Results
For all simulated scenarios and procedures, the following performance criteria have been evaluated:
· Access Success Rate  (ASR) = Number of successful Immediate Assignment procedures divided by total number of Immediate Assignment  procedures, inclusive of both RACH and AGCH. 
· Access Attempts Needed  = Number of access attempts per successfully completed Immediate Assignment procedures, inclusive of both RACH and AGCH. 
· Access Time = Time from when an Immediate Assignment procedure is initiated by higher layers until successful completion of the said Immediate Assignment procedure, inclusive of both RACH and AGCH [50/95 percentile].
· CCCH Capacity Used = Percentage of CCCH capacity used. Evaluated for both RACH and AGCH.
All evaluations are performed within a 60 second time-window starting 10 seconds after the initialization of the simulation and the traffic. In addition, the ASR as well as the CCCH capacity used, is presented in sliced 10-second intervals. This in order to allow for a better understanding of the dynamics of the respective proposal(s).
3.1 Scenario 1: Traffic Model T1(MTC)+T3(CS) 
From Figure 1 the Ericsson (B,C) as well as the Huawei (D,E) proposals can both be seen to provide a better ASR for the Legacy CS devices than the legacy procedure (A) – especially for the highly loaded cases. 
This is as a bit odd, given that this T1 scenario where both Legacy and MTC users alike are continuously arriving to the system according to their respective Poisson distributions with the same intensity throughout the entire simulation, as described in Section 2. Hence, spreading or delaying the access bursts in the same way for all the MTC devices, as all the proposals B, C, D and E all do, should make no difference, apart from possibly a small “water-filling-effect” where low-activity periods of the MTC devices happed to coincide with high-activity periods of the Legacy users, allowing for a multiplexing gain with respect to narrow resources such as e.g. AGCH.
And indeed, this is no real gain, but rather a simulation artefact due to a large portion of the RACH bursts sent by the MTC devices end up outside the simulation timeframe as can be seen from Figure 2 below, which shows the RACH usage by all accessing device types windowed during the simulation period. From this figure, it is seen that both the Legacy configuration (A) as well as the Ericsson ones (B,C) in the majority of cases provides a more or less stable RACH usage for the MTC devices. The Huawei proposals (D,E) on the other hand shows very low levels by the MTC devices during the beginning of the simulations, but is significantly increased as the simulation time continues. What this implies is simply put that many accessing MTC devices are “pushed” outside the simulation window. Hence, left within the simulation window is fewer MTC devices - and thus fewer devices in total – making the system less loaded during this interval and thus making the overall Legacy CS ASR from Figure 1 looking better than it actually is. By simulating over a much longer period of time, albeit infeasible here, this effect would be diminished, and thus is no real gain apart from a minor “water-filling-effect”.
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Figure 1 – Impact on the Legacy CS traffic in Scenario 1 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.
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Figure 2 - RACH usage windowed in 10s intervals for Scenario 1 and setups A-E 


From Figure 3 below it can be seen that the MTC access delays are increased by both the Ericsson (B,C) and Huawei (D,E) proposals. Especially obvious is that even in the most lightly loaded scenario, the Huawei proposals imposes significant increase in access times which is directly correlated to the maximum initial waiting time used. It can however be noticed that the Ericsson proposal with initial delay (C) provides a significant improvement in terms of delays and also reducing the RACH usage. 
And, once again, the apparent gains in MTC ASR during high loads for the Huawei proposals (D, E), but to some extent also the Ericsson ones (B,C) are not as large as they seem due to the same reasons as discussed in the previous section.
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Figure 3 – Impact on MTC traffic in Scenario 1 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.
3.2 Scenario 2: Traffic Model T1(MTC)+T3(CS+PS) 

In this scenario, no large differences is seen between the respective solutions A-E when looking at the Legacy CS traffic in Figure 4 nor for the Legacy PS traffic in Figure 5. 
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Figure 4 – Impact on the Legacy CS traffic in Scenario 2 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.
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Figure 5 – Impact on the Legacy PS traffic in Scenario 2 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

For the MTC traffic shown in Figure 5, it is again seen that there is no major difference with respect to the MTC ASR but that the delays are increased significantly.  The Ericsson + initial wait procedure (C) appears to be the best alternative in this scenario.
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Figure 6 – Impact on the MTC traffic in Scenario 2 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

3.3 Scenario 3: Traffic Model T2(MTC)+T3(CS) 

As can be seen from Figure 7 below, it can clearly be seen that both the Ericsson proposals (B,C) as well as the Huawei proposals (D,E) all impact the ASR of the CS legacy devices in a negative way as compared to when using the legacy procedures (A).  The reason for this is that, with the legacy procedures, the RACH/AGCH will be totally overloaded during the one second of the MTC spike plus the time it takes for all MTC devices to fail/succeed with their respective Immediate Assignment procedures, which is only a few seconds. For both the Ericsson (B,C) and Huawei (D,E) proposals however, the MTC access spike is spread over a larger period of time and thus a larger portion of all RACH/AGCH instants are affected. When the number of accessing devices is large (here 1000 or more) this impact is clear. This is confirmed by Figure 8 and Figure 9 on the following pages, where Figure 8 shows the ASR for the Legacy CS devices, sliced in 10 second intervals, and Figure 9 shows the RACH usage, similarly sliced..
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Figure 7 –  Impact on the Legacy CS traffic in Scenario 3 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.
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Figure 8 – Median ASR for the Legacy CS traffic, windowed in 10s intervals for Scenario 3 and setups A-E as per Section 2.
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Figure 9 -  RACH usage windowed in 10s intervals for Scenario 3 and setups A-E 


Figure 10 on the following page shows the results for the MTC devices in this scenario, and it is very evident that the Legacy PS procedure (A) fails miserably at providing a decent ASR for the MTC devices. This due to the reasons as discussed earlier, namely that the RACH/AGCH will be totally overloaded during the one second of the MTC spike plus the time it takes for all MTC devices to fail/succeed with their respective Immediate Assignment procedures, which is only a few seconds.  Thus it comes as no surprise a large MTC spike will give an ASR close to zero in this case. For both the Ericsson (B,C) and Huawei (D,E) proposals however, the MTC access spike is spread over a larger period of time, which clearly improves the situation significantly as could be expected.

It is furthermore evident that the Ericsson proposals (B,C) provides a better performance; with 10-20% percent better ASR for the MTC devices in the heaviest loaded scenarios. Furthermore, the Access Time increases in relation for the size of the spike for the Ericsson proposal because of the built-in back-off mechanism of this proposal as discussed e.g. in [2]. For the Huawei proposals (D,E), it is again very evident that even in the most lightly loaded scenario with 10 users, a very large delay penalty is introduced which is directly correlated to the setting of the initial delay spread parameter. 
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Figure 10 –  Impact on the MTC traffic in Scenario 3 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

3.4 Scenario 4: Traffic Model T2(MTC)+T3(CS+PS) 

Similar to the results in previous section, the results for Legacy CS users in Figure 11 and Figure 12 below show the effect the spreading of the MTC spike has on the Legacy CS devices. In this case however, the performance for the Legacy devices becomes even worse, since the Legacy load is much larger in this scenario. Simply put, a cell with one CCCH does not have the capacity to handle both a background load this large and also a massive MTC spike, without choking – at least temporarily. 

Figure 13 and Figure 14 show the same results, but for the Legacy PS devices.
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Figure 11 – Impact on the Legacy CS traffic in Scenario 4 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.
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Figure 12 – Median ASR for the Legacy CS traffic, windowed in 10s intervals for Scenario 4 and setups A-E as per Section 2.
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Figure 13 –  Impact on the Legacy PS traffic in Scenario 4 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

[image: image18.png]0
MTC dev./spike

100

MTC dev./spike

1000
MTC dev./spike

ASR for Legacy PS devices

1 A - Legacy PS G 1
—<— B - Ericsson
0.8 ——¢—-C - Ericsson + initial wait o 0.8
—&— D - Huawei (6000) =
0.6 ~—¢~-E - Huawei (10000) 206
— O
he
0.4 Q04
=
0.2 0.2
0 0
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Time [s] Time [s]
1 # — S 1 )
- ——— % 1
0.8 208 o
o [}
3 - Eo 4
0.6 o3 06
38
0.4 Q04
=
0.2 0.2
0 0
10 20 30 40 50 60 70 10 20 30 40 50 60 70
Time [s] Time [s]
1 5 o— 1
I
0.8 e 0 08
S S =
% o S 3
0.6 — : < g3 06
- — g8
0.4 - © 04
=
0.2 0.2
0 0
10 20 30 40 50 60 70 10 20 30 40 50 60 70

Time [s] Time [s]




Figure 14 – Median ASR for the Legacy PS traffic, windowed in 10s intervals for Scenario 4 and setups A-E as per Section 2.

Figure 15 below, shows the results for the MTC devices in this scenario. Again, it is seen that for the larger spikes, none of the proposals will provide a really good ASR for the MTC devices. It is however clear that that the Legacy PS method (A) is worst and the Ericsson ones (B,C) together with one of the Huawei proposals (E) provides the best performance.
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Figure 15 – Impact on the MTC traffic in Scenario 4 and setup A-E as per Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Average #Ch. Req. Needed, MID LOWER RIGHT: Average #Imm. Ass. Needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

4 Discussion
This paper has presented evaluations of the CCCH capacity and performance for the accessing devices in mixed traffic scenarios with simultaneous Legacy CS/PS and (low-priority) MTC traffic for the different RACH procedures as proposed by Ericsson in [2] and Huawei in [3], together with the legacy procedure as given by [7]. 

In most situations, the Ericsson proposal of [2] performs better than either of the two others evaluated in the context of this paper, except for the most extreme scenarios where the network is very close to its maximum CCCH capacity where a very high setting of the Huawei initial delay parameter would spread the MTC spike of T2 over a very large period of time. 

However, the Ericsson proposal has an inherent built-in self-adjusting back-off mechanism (which is further discussed in [2]) whereas the Huawei proposal [3] is quite inflexible since its parameter needs to be trimmed based on unrealistic assumptions of what future traffic loads in network will be. Thus, setting this parameter to a very high value in order to cope with e.g. the largest possible T2 spikes will impose very large and unnecessary access delays most of the time. After all, it shall be remembered that the more loaded variants of the T2 scenario is an abnormal case, whereas T1 and/or the small T2 spikes are what represents typical operation in a network.
5 Conclusion and Proposed Solution

Given the arguments above, and also what has been shown in previous papers such as e.g. [1], it is the view of the sourcing companies that, a new RACH procedure for devices configured for low priority access as per the Ericsson proposal [2]  shall be employed in GERAN. This differs from the previously proposed variants from Ericsson in the sense that a small initial random delay (same as that for non-mobile initiated PS traffic as well as mobile/network initiated CS traffic in the according to legacy procedure) shall be employed .It is however still not advisable not to employ any solution which introduces a large random timer for the initial RACH access attempt as e.g. proposed by Huawei in [3]. 
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