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1. Introduction:

The Implicit Reject (IR) allows the network to prevent devices configured as low priority access devices from attempting to access the network for a programmable period of time.
Tdocs [1] and [2] suggested that a trigger to initiate Implicit Immediate Assignment Reject could be the level of the AGCH occupation, when this reaches a level of 50% to 100% over the last 25 AGCH opportunities.  With a very simplistic analysis to reach this level of congestion the BTS needs to register a minimum of 13 successful RACH attempts.  The RACH channel can support up to 217 RACH attempts per second, thus a minimum time of the order of 60ms would be might be sufficient to receive this number of attempts.

In the MTC evaluation scenario [3] two traffic models are considered to cover the possible behaviour of MTC devices as there is no actual knowledge of the traffic distribution that MTC traffic will present.  These are a Poisson distribution to cover the steady state arrival of MTC access attempts and a Beta distribution to cover pseudo synchronous arrival of MTC access attempts.  

This paper seeks to investigate if the high number of mobiles (1000, 2000 etc) accessing the network with the Beta function will cause such RACH congestion that the network can no-longer detect the onset of congestion situation by looking at the length of the AGCH buffer queue, consequently, we are interested in the Beta distribution case.

2. Simulation description
The simulator follows the assumptions set out in [3].  
Additionally, the simplistic assumption is made that responses to successful RACH attempts are added to the AGCH queue and are removed from that queue when they are transmitted over the air interface, but are never timed out.  This would not be a sensible implementation as the mobile cannot respond to AGCHs that don’t correspond to one of the last 3 RACH’s it sent and the RACH/AGCH access process is also protected by a timer at the mobile typically set to a value of about 1 second.  
However, as we are interested in the possibility of detecting the onset of congestion, and possibly proactively responding to it, we are interested in the behaviour of the AGCH queue during the 1 second duration while the Beta distribution is still generating new access attempts.  Any reasonable AGCH timeout process would have no effect here.
The results presented in this paper are produced from single shot simulations, which is clear from the random variation apparent in the curves, however, we believe that the results are broadly representative with the results that would be expected with more extensive simulations.
2. Results
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Figure 1 AGCH queue length vs # mobiles

Figure 1 shows the AGCH queue length vs the TDMA frame number under different numbers of mobiles attempting to access the cell according to the Beta distribution.  The number of mobiles attempting to access the system is varied from 10 to 5000.  The Figure only shows the initial part of the curve out to just beyond 217 TDMA frames.  This corresponds to 1 second and is the duration of the initial wave of access attempts from the Beta distribution.  

This time scale is of interest as, if congestion could be reliably detected within this region, it then it would be possible to respond to it by initiating Implicit Immediate Assignment Reject reducing the impact on legacy services, which could now gain access to the RACH channel, and increasing the chance of successful access by the MTC devices by distributing their pseudo synchronous traffic burst over a larger time window.

The AGCH configuration chosen for the MTC evaluation [3] can send 6 AGCH messages per 51 frame multi-frame with in approximate duration of 120ms, consequently, 50 in an approximate duration of 1 sec.
The Tdoc in [1] suggests triggering Implicit Immediate Assignment Reject when the average AGCH occupancy in the last 25 frames exceeds 50%, [2] suggest a simple 50% congestion threshold.  Considering examining the occupancy over the last 25 frames implies a delay of 500ms.  However, as soon as the AGCH queue length exceeds 12 the AGCH occupancy over the next 25 AGCH opportunities cannot fall below 50%.  Taking this approach the onset of congestion can be detected after about 120ms when the number of MTC devices in the Beta distribution exceeds 1000, and about 300ms when the number of MTC devices in the Beta distribution exceeds 100.
The Figure shows that, while high RACH failure rates start to reduce the rate at which the AGCH queue rises when the number of mobiles exceeds 1000, the deviation is not significant till the AGCH queue length exceeds about 20 even when the number of mobiles rises to 5000.  Consequently, the network would be able to detect and respond even to very high levels of incident traffic.
3. Conclusions

The results indicate that it would be possible for the network to detect the onset of congestion by examination of the AGCH queue length when the distribution of access attempts follows a Beta distribution even when the total number of mobiles that may attempt to access the system exceeds 1000 mobiles.  Moreover the results indicate that it is possible to detect this relatively early, after about 120ms, so that the network mitigate the effect of the on-going high traffic event.
The results indicate that it is necessary to consider the ability of the Implicit Immediate Assignment Reject procedure to be configured to act in a responsive manner when considering the addition of any congestion control mechanisms for low priority access devices.

Consequently, to allow comparison of evaluation results from different companies the addition of congestion control mechanisms for low priority access devices will require a set of assumptions to be defined about how to model the Implicit Immediate Assignment Reject procedure 
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