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1 Introduction
The paper discusses the benefit of separating RACH resources for Machine Type Communications (MTC).   
2 Discussion 
In the last RAN2 meeting, RAN overload control including RAN network congestion and signalling network congestion has been set as first priority. RACH congestion may be caused by simultaneous transmission of a large amount of MTC devices, e.g. meters, and thus methods should be developed to spread out the access attempt intensity of MTC devices and avoid the interruption of MTC access to normal UE access.
Access class barring could spread out the RACH intensity of MTC devices by setting a low access probability for MTC devices. To avoid blocking normal UE access, the access probability for MTC devices should be set such that the collision probability of the normal UE remains “satisfactory”, say, as low as the typical value of 1%. And thus the collision probability MTC devices would be the same. However, since MTC applications are much more delay-tolerable, there is actually no need to set such a low collision probability for MTC devices to effectively utilize the RACH resources. Given a unit of RACH opportunity and RACH intensity
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, the intensity of successful random access would be given by [1]:
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Fig. 1 Intensity of successful RACH vs. collision probability as the RACH intensity increases
The relation of the intensity of successful random access versus the collision probability as the RACH intensity increases is as in Fig. 1.

Since MTC applications are delay-tolerable (which is also a necessity for AC barring), when RACH congestion happens due to sudden surge of MTC access attempts, it may be more appropriate to permit a higher collision probability for MTC devices than barring the access from MTC devices to normal UE collision probability. As an example, assume the allowable collision probability of MTC devices is 10%, , and the allowable normal UE collision probability being 1%. AC barring would decrease the access attempt intensity of MTC devices such that the collision probability of MTC devices access attempts is 1%. While if the collision probability of MTC devices access attempts could be set independent to normal UE, say as 10%, the intensity of the successful RACH of MTC devices would be increased nearly 10 times. Thus better RACH resource utilization can be achieved, and the congestion duration can be reduced.
Observation 1: A higher collision probability would be useful for MTC device RACH when the intensity of MTC device RACH access surges
If the collision probability of MTC devices is higher than that of the normal UE, allocating separate RACH resources for MTC devices can avoid the random access of MTC devices blocking normal UE accessing the network. Fig. 2 gives the performance comparison of separate RACH versus AC barring scheme. Let
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be the ratio of the amount of RACH opportunities dedicated to MTC devices over all the RACH opportunities. The vertical axis indicates the successful access ratio while the horizontal axis is the ratio of RACH opportunities dedicated for MTC devices. It is assumed that the access intensity from MTC is 0.1 and from normal UE is 0.01 normalized by the access opportunities. It can be seen that there is minor impact to the normal UE while MTC devices can obtain a rather acceptable successful access ratio. 
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Fig. 2 Success access ratio of normal UE and MTC devices
Although for WCDMA Access service classes (ASC) could be utilized to separate the RACH resources, in E-UTRAN an effective way to separate the RACH resources should be studied. Further, as the access attempts of MTC devices are normally bursty or periodical, it would be a waste to assign static RACH dedicated for MTC devices. A dynamic or semi-static method to assign the MTC dedicated RACH resource would be more appropriate. 
Proposal 1: RACH resource dedicated for MTC devices can be dynamically or semi-statically allocated..
Comparison with ACB solution for MTC devices

In Figure 2 above, the successful access ratio of MTC devices using AC barring is given in red dashed line in the graph above. It is assumed that the amount of overall RACH opportunities and RACH attempts intensities are the same as that in separate RACH. A special AC class, as well as its AC barring access probability, is exclusively allocated for MTC devices. For each point in the figure, the AC barring access probability is set such that the normal UE achieves the same successful access ratio as that in separating RACH opportunities (the barred access attempt is considered not successful). The detailed calculation of curves in the figure can be seen in appendix. It can be observed that separating RACH opportunities of MTC and normal UE could performs better than AC barring. Given the same normal UE collision probability, allocating MTC dedicated RACH opportunities could bring much more successful MTC access attempts than that in AC Barring.
Further, ACB parameters are not expected to change that frequently which makes it difficult to handle sudden variation in MTC RACH attempts. Take for example a system in “stable” state operating with a certain AC barring probability for MTC. If there is a sudden surge of MTC RACH attempts, by the time AC barring is updated, this would have already adversely impacted the normal UEs.  The other possibility to always use a higher barring probability for MTC will adversely and unnecessarily impact all MTC devices even when there is no overload and still not guarantee no impact on normal UEs.

While updates of MTC RACH resources may also need to be dynamic and will lag sudden increases in MTC RACH load, the big difference compared to ACB is that this will only impact other MTC devices and not normal UEs.  

Observation 2: It can be seen from the above discussion that dedicated RACH resources for MTC devices perform better than using ACB solutions.
3 Conclusion and Proposal

We kindly ask RAN2 to discuss and agree on the following proposals:
Observation 1: A higher collision probability would be useful for MTC device RACH when the intensity of MTC device RACH access surges 
Observation 2: It can be seen from the above discussion that dedicated RACH resources for MTC devices perform better than using ACB solutions.
Proposal 1: It should be possible to use dedicated RACH resource for MTC devices. It can be dynamically or semi-statically allocated.
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Appendix: Calculation of Fig. 2

Given the ratio of RACH resources dedicated for MTC devices
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, UE access intensity
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, overall RACH opportunities N, the successful ratio of normal UE is given:
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The successful ratio of MTC devices is given:
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The successful ratio of both MTC devices and UE if the RACH opportunities are mixed is given:
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To guarantee the UE successful ratio to be
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, the AC barring access probability for MTC devices should be set as:
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, and thus the successful ratio of MTC devices is given:
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