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CCCH capacity evaluation using Low-Priority Indicator
1 Introduction and Background
This paper presents an evaluation of the CCCH capacity and performance for the scenarios with simultaneous legacy and MTC traffic as specified in [3]. This paper is thus a follow-up to [1] and basically repeats the key evaluations therein. The key difference however is that in this paper, the MTC devices are considered to be of low priority and thus will include a low-priority indicator in the sent Channel Request messages. 
With the usage of this low-priority indicator, 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 sent for the Legacy Devices higher than those of the Low-Priority MTC devices. This means that the impact a massive amount of low-priority MTC devices will have on the service for legacy devices is minimized.  Evaluated through simulations are, under these assumptions, the three different RACH time spreading schemes as given by [5], [2] and [4].
2 Simulation Assumptions

2.1 Traffic model

The two traffic models that have been investigated are the mixed traffic scenarios of [1], namely:
Traffic model 2 - a mixed traffic model with synchronized network access by the MTC devices together with CS legacy background traffic where all transmissions are device initiated. All MTC users initiate their traffic within 1 second; according to traffic scenario T2 in [3]. The background CS legacy traffic initiation is modelled according to a Poisson arrival process, with a mean arrival rate of 5 users per second. The different numbers of simultaneously arriving MTC devices that have been simulated in traffic model 2 are 10, 100, 500 and 1000. 
Traffic model 3 - a mixed traffic model with non-synchronized network accesses by MTC devices as well as CS legacy devices where all transmissions are device initiated. All traffic initiation is modelled according to a Poisson arrival process, with a mean arrival rate of 5 users per second for the CS legacy devices. The different mean arrival rates for arriving MTC devices that have been simulated in traffic model 3 are 5, 10, 15, 20, 25 and 30 arrivals per second.

The investigated RACH time spreading schemes are:
1. CS Legacy and MTC according to PS legacy [5]
2. CS Legacy and MTC according to Ericsson proposal [2], section 2.2, spread parameter 
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3. CS Legacy and MTC according to Huawei proposal [4], maximum initial waiting time 
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All parameters regarding waiting time are according to [3].  
All MTC devices are considered as being of low-priority and thus indicate that in their respective Channel Request messages.

2.2 Simulator Setup

The same simulator setup and methodology as was used in [1] is used also in this paper, however with the following three exceptions:

· All MTC devices are considered as being of low-priority and thus indicates that in their respective Channel Request messages. The BSS will then prioritize messages on the AGCH aimed for the CS legacy Devices higher than those of the low-priority MTC devices.
· The used RACH / UL CCCH link model is as described by the MRC model in [6].

· The used AGCH / DL CCCH link model is as given by Figure 1 below:
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Figure 1 - AGCH / CCCH DL Link Model used in this paper
3 Simulation Results

For all simulation in section 3.1 and 3.2 the following performance criteria have been evaluated:

· Access Success Rate (ASR) - the percentage of users that receive an “IMMEDIATE ASSIGNMENT” after making a channel request, including that the “IMMEDIATE ASSIGNMENT” can not be received any later than T3146 specifies after transmitting the last “CHANNEL REQUEST”.
· Access Time – The median delay in seconds between that the mobile device wants’ to initiate traffic to that an “IMMEDIATE ASSIGNMENT” is received.

· Access Attempts Needed UL – The mean number of “CHANNEL REQUEST” messages sent.

· Access Attempts Needed DL – The mean number of “IMMEDIATE ASSIGNMENT” messages sent. 
3.1 Traffic model 2
In Figure 2 (CS traffic) and Figure 4 (MTC Traffic), simulation results are summarized for traffic model 2, referred to as T2 in [3], given an average arrival rate of 5 users per second for the CS legacy traffic and MTC traffic arriving according to traffic model T2 in [3] with arrival of 10, 100, 500 and 1000 users, respectively. All evaluations of the CS legacy traffic are performed within a 60 second time-window from the initialization of the traffic (where the MTC devices initialized their access at the beginning of this time-window). This allows for inclusion of both the effect of an initial arrival-burst on the RACH and the sub-sequent re-attempts that the MTC traffic will impact on the CS legacy traffic. 
Additionally, in Figure 3 (CS traffic) the Access success rate is shown once more, but this time evaluated during a number of consecutive 10 second intervals starting 30 seconds after the initialization of the traffic and ending 60 seconds thereafter.
3.1.1 Impact on legacy traffic
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Figure 2 – Access Success Rate CS (top left), Access Time CS (top right), Access Attempts Needed UL CS (lower left), Access Attempts Needed DL CS (low right).
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Figure 3 - Access Success Rate for the Legacy CS Devices windowed in 10s intervals with 
the number of MTC Devices being 10, 100, 500 and 1000.

From the Access Success Rates for the legacy CS devices, as presented in Figure 2 and Figure 3 above, it is evident that regardless of the choice of RACH time spreading scheme, the legacy CS traffic is virtually unaffected (and thus well protected) against any number of MTC devices in these scenarios.

It can however be seen a slight increase in number in the Access Time and Access Attempts Needed UL  in Figure 2 as the number of MTC devices increases. This is due to the increased number of collisions on the RACH, because of the increased number of devices in total. 

3.1.2 Impact on MTC traffic
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Figure 4 – Access Success Rate MTC (top left), Access Time MTC (top right), Access Attempts Needed UL MTC (lower left), Access Attempts Needed DL MTC (low right).

From Figure 4 above it can be seen that the Ericsson RACH time spreading scheme provides a significantly better Access Success Rate for the MTC devices than the other two schemes do and thereby keeps a high ASR even for the scenario with 1000 MTC Devices.

The Access Times for the MTC Devices are increased by both the Ericsson and Huawei proposals as compared to the existing Legacy PS proposal. It is however evident that the Huawei proposal imposes a minimum median delay of 15 seconds, even in the most lightly loaded scenario with 10 MTC Devices.

Thus, as can be clearly seen from  REF _Ref290103289 \h 
 \* MERGEFORMAT Figure 4 above is not only that the Legacy PS service fails to provide a decent ASR for the MTC Devices, but also that the Huawei proposal takes a much longer time to allow the MTC Devices access to the network.
3.2 Traffic model 3

In Figure 5 (CS traffic) and Figure 6 (MTC Traffic) simulation results are summarized for traffic model 3, given average arrival rates for MTC devices of 5, 10, 15, 20, 25 and 30 users per second, respectively. The CS arrival rate is 5 users per second. All evaluations in presented in these figures are performed within a 60 second time-window starting 30 seconds after the initialization of the traffic. 
3.2.1 Impact on legacy traffic
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Figure 5 – Access success rate CS (top left), Access time CS (top right), # Channel Requests sent UL for CS (lower left) and # Immediate Assignments sent DL for CS (low right).

From the Access Success Rates for the legacy CS devices, as seen in Figure 5 above, it is evident that regardless of the choice of RACH time spreading scheme, the legacy CS traffic is virtually unaffected (and thus well protected) against any number of MTC devices also in these scenarios.
The slight increase in number in the Access Time and Access Attempts Needed UL as seen in Figure 5 above as the number of MTC devices increases, is also here due to the increased number of collisions on the RACH, because of the increased number of devices in total. 
Finally, that the deterioration of median Access Time and number of Channel Requests is quite small may be seen as a confirmation that the RACH capacity is quite much larger than that of the AGCH.
3.2.2 Impact on MTC traffic
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Figure 6 – Access success rate MTC (top left), Access time MTC (top right), Access attempts needed UL MTC (lower left), Access attempts needed DL MTC (low right).

From Figure 6 above it can be seen that the Ericsson RACH time spreading scheme provides a noticeable better Access Success Rate for the MTC Devices than the other two schemes. 

The Access Times are more or less negatively impacted for all access schemes as compared to the results in [1] by the low-priority of the MTC devices as discussed earlier. It is however clear that the Huawei proposal enforces a very large delay even when the MTC traffic load is very low.

4 Conclusion
This paper has shown simulation results in mixed Legacy CS & MTC traffic scenarios, where the performance of three RACH time spreading schemes as given by [5], [2] and [4] have been evaluated in combination with the usage of a low-priority indicator set in the Channel Request messages sent by the low-priority MTC devices

It has been shown that, regardless of RACH time spreading scheme, it is possible to protect the Legacy traffic in the network from any amount of accessing low-priority MTC devices by means of implementation specific prioritization of what is to be transmitted on the AGCH. 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.) 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 RACH time spreading scheme [2] provides a significantly better solution than either of the two others evaluated in the context of this paper.
5 Proposed Solution

It is the view of the sourcing companies that a RACH access methodology as described in [2] to be employed in GERAN. 

Given the initial delay penalty for the first RACH access attempt with the proposal in [4], regardless of the current load, and that the success rate performance does not outweigh the delay penalty compared to the Ericsson proposal, it is advisable not to introduce a large random timer for the initial RACH access attempt as e.g. proposed in [4]. 
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