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[bookmark: _Ref227402418]Introduction

This paper presents an evaluation of the CCCH capacity and performance for the accessing devices in the mixed scenarios with simultaneous CS legacy and MTC traffic as specified in [4] and [3]. Evaluated through simulations are, under these assumptions, the different RACH time spreading schemes as proposed by Ericsson in [2] and Huawei in [5], together with the legacy procedure as given by [6]. 

Any accessing MTC device is considered as being of low-priority and thus, if the device is accessing the network in order to send user-plane data, then it may indicate that it indeed is configured as a low-priority device in the sent channel request messages by using the already existing radio priority levels. If on the other hand the device is accessing the network for signalling purposes, then the channel request messages need to be modified accordingly as proposed by [9], [10] in order for the device to be able to indicate its low priority. 

This paper shows that, given the knowledge that the accessing device is of low-priority as described above, it is possible for the network to prioritize the traffic sent on the AGCH in a better manner. More specifically, the BSS will be able to prioritize the Immediate Assignment messages intended for the legacy devices higher than those intended for the low-priority MTC devices. Since the AGCH is the main CCCH bottleneck, this in turn will completely alleviate the impact any amount of accessing low-priority MTC devices will have on the service of the legacy traffic(e.g. high Access Success Rate, low Access Times etc.), regardless the choice of RACH time spreading scheme.

Hence, there is no reason to acknowledge the ability of the different RACH time spreading schemes to protect the legacy traffic from the impact of these low-priority MTC devices. What instead is of interest, is the ability of the said RACH time spreading schemes to provide as good service as possible (e.g. high Access Success Rate, low Access Times etc.) also for the low-priority MTC devices and allow for as good utilization of the CCCH resources as possible. 
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[bookmark: _Ref292279947]Traffic model
The two traffic models that have been investigated are the mixed traffic scenarios of [4] and [3]. In each scenario, the CS legacy traffic is modelled according to traffic model T3 in [4], and thus as a Poisson arrival process with a mean arrival rate of 5 users/second for the CS legacy devices. The MTC traffic is modelled as in two different scenarios:

· T1 + T3 - uncoordinated/non-synchronized network accesses by the MTC devices which is modelled as a Poisson arrival process (according to traffic scenario T1 in [4]) with mean arrival rates of 5, 10, 15, 20, 25 and 30 devices per second. All transmissions are device initiated.
· T2 + T3 – coordinated/synchronized network access by the MTC devices where all MTC devices initiate their traffic within a window of 1 second (according to traffic scenario T2 in [4]) starting at t=10s. The different numbers of simultaneously arriving MTC devices that have been simulated are 10, 100, 500, 1000 and 2000, respectively. 

For the accessing MTC devices, the evaluated RACH time spreading schemes are:

A.	As per PS legacy procedures defined in Section 3.3.1.1.2 of [6]

B.	As per the Ericsson proposal [2], section 2.2, with spread parameter 

C.	As per the Huawei proposal [5], with maximum initial waiting time 

All accessing CS legacy devices uses the legacy CS time spreading scheme as defined in Section 3.3.1.1.2 of [6].

All MTC devices are considered as being of configured for low-priority access, whereas simulations are done both with and without including a low-priority indicator in the respective channel request messages as discussed earlier in Section 1. In setups A-C it is assumed that no low-priority indicator is used, whereas in the following setups D-E a low-priority indicator is included in the channel request messages sent by the MTC devices:

D.	As per PS legacy procedures defined in Section 3.3.1.1.2 of [6] (i.e. setup A above) 
AND inclusive of a low-priority indication in the channel request message.

E.	As per the Ericsson proposal [2], section 2.2, with spread parameter  (i.e. setup B above) AND inclusive of a low-priority indication in the channel request message.

F.	As per the Huawei proposal [5], with maximum initial waiting time (i.e. setup C above) AND inclusive of a low-priority indication in the channel request message.

The simulations do not specify whether the MTC devices are accessing the network in order to send user-plane data, signalling or any mix thereof. However, given the means to convey this information to the network as proposed by Error! Reference source not found.,[9] and [10], the end result will be the same. Thus the results presented in this paper may be generalized to either of these scenarios.  


Simulator Setup
The same simulator setup and methodology as was used in [8] is used also in this paper, which in turn is the same as in [1] but with the following three exceptions:

· All MTC devices are considered as being of low-priority and thus will indicate this in their respective channel request messages sent on the RACH. The BSS will then prioritize messages on the AGCH aimed for the CS legacy Devices higher than those of the low-priority MTC devices, as discussed earlier.
· The used RACH / UL CCCH link model is as described by the MRC model in [7].
· The used AGCH / DL CCCH link model is as given by Figure 1 below:

[bookmark: _Ref290050152][bookmark: _Ref290050146]Figure 1 - AGCH / CCCH DL Link Model used in this paper
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Simulation Results

For all simulations in section 3.1 and 3.2 the following performance criteria have been evaluated as specified in [4] (as being the latest update to [3]). More specifically, what has been evaluated is:

· 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. To be evaluated for both RACH and AGCH


[bookmark: _Ref292467096]Traffic Model T1+T3 (uncoordinated / non-synchronized MTC access)

In Figure 2 (CS legacy traffic) and Figure 3 (MTC traffic) simulation results are summarized for traffic model T1+T3 for the setups A-F as described in Section 2. The arrival rates for MTC devices are 5, 10, 15, 20, 25 and 30 devices per second, respectively, whereas the arrival rate for the CS legacy devices is 5 devices per second. All evaluations are performed within a 60 second time-window starting 10 seconds after the initialization of the simulation and the traffic.

[bookmark: _Ref292292333]Impact on CS legacy traffic


From the dashed lines of setups D-F in Figure 2, it is evident that regardless of the choice of RACH time spreading scheme, the ASR of the CS legacy traffic is virtually unaffected (and thus well protected) against any number of MTC devices when the low priority indication is employed. The slight increase in the 95th Percentile Access Time, Access Attempts Needed UL and RACH Utilization in these cases, as the number of MTC devices increases, can be explained by the increased number of collisions on the RACH. This effect is however marginal, due to the already established fact that the RACH capacity is quite much larger than that of the AGCH.

Furthermore, in case the low-priority indication is not employed (solid lines of setups A-C) it can be seen that the Ericsson proposal (B) provides a significantly better ASR than either of the other two RACH time spreading schemes (A,C). This is however at the cost of longer Access Times as well as of an increase in the number of Access Attempts Needed UL, and thus also the RACH Utilization, as the number of MTC devices increases. This can be understood by the different properties of the respective proposals, as will be discussed in later sections.

[bookmark: _Ref284238170]Figure 2 – Impact on the CS legacy traffic in the T1+T3 scenario using setup A-F from Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Mean #Ch. Req. needed, MID LOWER RIGHT: Mean #Imm. Ass. needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

Impact on MTC traffic


[bookmark: _Ref292290813]Figure 3 – Impact on the MTC traffic in the T1+T3 scenario using setup A-F from Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Mean #Ch. Req. needed, MID LOWER RIGHT: Mean #Imm. Ass. needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.

Obviously, the successful protection of the CS legacy traffic by means of the low-priority indication as seen in the previous Section 3.1.1 will come at the cost of a negative impact on the performance of the MTC devices. This can be seen in the Access Success Rate shown in Figure 3, where the dashed lines of setups D-F (with the low-priority indication) is some 5% lower than those of the solid lines of setups A-C (without the low-priority indication).

Furthermore, the Huawei proposal (C, F) provides the best ASR for the very high loads in this scenario, whereas the second-best ASR is from the Ericsson proposal (B,E), as compared to the legacy procedures. For the Huawei proposal, it is very obvious that this better ASR however comes at the cost of very large delays being imposed. Even in the most lightly loaded scenario, the Huawei proposal imposes a near 20 second Median Access Time and an above 40 seconds 95th Percentile Access Time. 

[bookmark: _Ref292467098]Traffic Model T2+T3 (coordinated / synchronized MTC access)

In Figure 4 (CS legacy traffic) and Figure 6 (MTC traffic) simulation results are summarized for traffic model T2+T3 for the setups A-F as described in Section 2. The number of accessing MTC devices according to traffic model T2 are 10, 100, 500, 1000 and 2000users, respectively. All evaluations are performed within a 60 second time-window starting at the beginning of the MTC access ‘spike’, thus 10 seconds after the initialization of the simulation and the legacy traffic.

Additionally, in Figure 5 (CS legacy traffic) the Access success rate is shown once more, but this time evaluated during a number of consecutive 10 second intervals also here starting at the beginning of the MTC access ‘spike’, and ending 60 seconds thereafter.

[bookmark: _Ref292299122]Impact on CS legacy traffic

From the dashed lines of setups D-F in Figure 4, it is (once again) evident that regardless of the choice of RACH time spreading scheme, the ASR of the CS legacy traffic is well protected against any number of MTC devices when the low priority indication is employed, also in these scenarios. 

Furthermore, in case when the low-priority indication is not employed (solid lines of setups A-C) it can be seen that both the Ericsson proposal (B) as well as the Huawei proposal (C) impacts 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) and Huawei (C) 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.


[bookmark: _Ref292295836]Figure 4 – Impact on the CS legacy traffic in the T2+T3 scenario using setup A-F from Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Mean #Ch. Req. needed, MID LOWER RIGHT: Mean #Imm. Ass. needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.


[bookmark: _Ref292296032]Figure 5 – Median Access Success Rate for the CS legacy traffic, windowed in 10s intervals, using setup A-F from Section 2. The evaluated scenario is the T2+T3 scenario with 10, 100, 500, 1000 and 2000 MTC devices accessing the network..
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[bookmark: _Ref292295854]Figure 6 – Impact on the MTC traffic in the T2+T3 scenario using setup A-F from Section 2. 
TOP: Access Success Rate (ASR), 
MID UPPER LEFT: Median Access Time, MID UPPER RIGHT: 95th Percentile Access Time, 
MID LOWER LEFT: Mean #Ch. Req. needed, MID LOWER RIGHT: Mean #Imm. Ass. needed 
BOTTOM LEFT: Average RACH Utilization, BOTTOM RIGHT: Average AGCH Utilization.


Again it is seen that the successful protection of the CS legacy traffic by means of the low-priority indication will come at the cost of a negative impact on the performance of the MTC devices. This can be seen here in the Access Success Rate as shown in Figure 6, where the dashed lines of setups D-F (with the low-priority indication) is some 5% lower than those of the solid lines of setups A-C (without the low-priority indication).

Much more evident however, is that the Legacy PS procedure (A,D) fails miserably at providing a decent ASR for the MTC devices. This dues to the reasons as discussed in the previous Section 3.2.1, 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) and Huawei (C) proposals however, the MTC access spike is spread over a larger period of time, .which clearly improves the situation significantly. 

It is furthermore evident that the Ericsson proposal (B) provides a superior 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. This is because of the built-in back-off mechanism of this proposal as discussed in earlier documents. The Huawei proposal (C,F), it is very evident that even in the most lightly loaded scenario with 10 users, the Huawei proposal imposes large Access Delays, without any benefit thereof.
.


 


Conclusion
This paper has presented evaluations of the CCCH capacity and performance for the accessing devices in mixed traffic scenarios with simultaneous CS legacy and low-priority MTC traffic for the different RACH time spreading schemes as proposed by Ericsson in [2] and Huawei in [5], together with the legacy procedure as given by [6]. 

It has been shown is that, given that the accessing MTC device is able to indicate that it indeed is configured for low priority access, then it is possible for the network to, in an implementation specific manner, prioritize the blocks sent on the AGCH accordingly and thus completely alleviate any impact on the CS legacy traffic by the accessing low-priority MTC devices, regardless of which RACH time spreading scheme that is used. Hence, there is no reason to acknowledge the ability of the different RACH time spreading schemes to protect the legacy traffic from the impact of these low-priority MTC devices, which all perform much worse than the low-priority solution in either case.

What instead is of interest, is the ability of the said RACH time spreading schemes to provide as good service (e.g. high Access Success Rate, low Access Times etc.) for the MTC devices as possible and also to allow for as good utilization of the CCCH resources, as possible. Thus, as shown by the simulation results in Section 3, the Ericsson proposal in [2]  provides a significantly better solution than either of the two others evaluated in the context of this paper. In particular, the Huawei proposal [5] provides some major drawbacks such as very large delays even for a lightly loaded network. It is also seen as a very inflexible and infeasible proposal as compared to the self-resolving properties of the Ericsson proposal [2].

Proposed Solution
It is the view of the sourcing companies that, in order to protect the legacy traffic in GERAN from a negative impact of many accessing low-priority MTC devices, the best solution is to allow these device to indicate its low priority for low priority access to indicate this as e.g. proposed for the control-plane in [9] and [10]. 

It furthermore the view of the sourcing companies that in addition to this, a RACH time spreading methodology as described in [2] should be employed in GERAN. Given e.g. the initial delay penalty for the first RACH access attempt with the proposal in [5], regardless of the current load, and that the performance is not better than the Ericsson proposal, it is advisable not to introduce a large random timer for the initial RACH access attempt as e.g. proposed in [5]. 
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