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1
Introduction
For delay-tolerant access in Rel-10/11 network, the RAN overload control has been on the table. The use of Extended Access Baring (EAB), or simply Access Baring, can reduce the Random Access (RA) load. Currently, RAN2 is still on its way to define EAB model and features, we assume that EAB will be using proability-based barring, similar to the present AB. A portion of UE’s passed through EAB are supposed to transmit a preamble. However, it is not enough to handle the post-EAB RA load due to the unique characteristic of EAB. We discuss this point and propose to use another simple solution of an “MTC-specific longer Backoff” (or longer BO).
2
Discussion
If a UE with delay-tolerant access (or MTC device) needs to perform Random Access (RA), it is supposed to go through Extended Access Baring (EAB). Fig. 1 presents the time instant of EAB in the process of RA for an individual UE. Due to the use of “ac-BarringFactor” (see TS 36.331 for the values), which is the probability value used for a threshold value in EAB, a UE will move on to the next step of RA (e.g., preamble selection and transmission) with the “ac-barring probability”, say “p”, specified by “ac-BarringFactor” in SIB2 whereas it will have to wait for a certain time period until it will be able to come back (Barring Back-Off) with probability (1-p).
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Fig. 1. A view at an individual UE: a UE with delay-tolerant access (i.e., MTC device) EITHER moves on to next step for preamble transmission with “ac-barring probability” (specified by “ac-BarringFactor” in SIB2) in the EAB procedure OR waits for a certain period of time until its next EAB.

Since the individual UE is expected to pass through EAB (i.e., move on to the preamble-transmission step) with “ac-barring probability”, the average number of UE’s passing through EAB is characterized by “ac-BarringFactor”: i.e., the average number is

(no. of UE’s that want to perform RA) * (ac-barring probability)

as illustrated in Fig. 2 (or simply the average number of UE’s passing through EAB can be expressed as E(M) = N * p, where “M” is the number of UE’s passing through EAB). One observation is that the number of UE’s passing through EAB, can change time to time between 0 and “N” depending on the respective UE’s random-draw in their EAB procedure. 
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Fig. 2. A holistic view at the total number of MTC UE’s BEFORE and AFTER EAB. The “portion” can change between 0 and N depending on the respective UE’s random-draw in their EAB procedure. (“N” and “M” are measured per unit time, e.g., 1s)
Consider a situation that a certain “ac-barring probability” is now used. If RACH is still congested, then eNB can do (one of) the followings:

1. Decrease the “ac-barring probability”;
2. Increase the Backoff Interval.
Observation 1: If the number of UE’s attempting RA (i.e., “N”) is farily large, it is possible to select a smaller non-zero “ac-barring probability” to maintain the average number of UE’s passing through EAB (i.e., “E(M)”) to a certain target level. However, if the number (i.e., “N”) increases, it is not possible to to maintain the average number of UE’s passing through EAB (i.e., “E(M)”) to the target level because the smallest non-zero minimum “ac-barring probability” is set to 0.05 in TS 36.331, namely, no further reduction of “p” is possible any more. Therefore, if the number of UE’s attempting RA (i.e., “N”) becomes large, the number of UE’s passing through EAB (i.e., “M”) becomes large as well, which means that the RACH load becomes heavy even if EAB is fully functional. 

Observation 2: As previously noted, the number of UE’s passing through EAB (i.e., “M”) is one of { 0, 1, …, N} depending on their random-draws. 

Case 1: [“N” is fairly large (not too large) so that we can choose a non-zero “ac-barring probability” that can serve to maintain the average number of UE’s passing through EAB (i.e., ”E(M)”) to the target level. That is, we can keep E(M) the same by choosing a smaller non-zero “p”.] 
As the number of UE’s attempting RA (i.e., “N”) increases, the probability distribution function has changes in shape: As “N” increases, (1) the probability that UE’s experience “fewer collisions” decreases (see the LEFT red arrow in Fig. 3), and (2) the probability of experiencing “more collisions” increases (see the RIGHT red arrow in the same figure). Therefore, the overall collision probability increases if “N” is large in Case 1.
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Fig. 3. Probability distribution function of the number of UE’s passing through EAB (Case 1). As “N” increases, the probability distribution function is getting fatter in shape. Overall collision probability increases due to the decrease of probability of having “low-collision” (left red arrow) and to the increase of probability of having “high-collision” (right red arrow).
Case 2: [“N” is too large so that E(M) increases as “N” increases even if the smallest non-zero “ac-barring probability” is chosen.] 
In this case, the value of “N” is larger than that of Case 1. The probability that UE’s experience “fewer collisions” further decreases (in comparison to the degree of decrease in Case 1) whereas the probability of experiencing “more collisions” further increases as illustrated in Fig. 4. Therefore, the overall collision probability is even worse than that in Case 1.
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Fig. 4. Probability distribution function of the number of UE’s passing through EAB (Case 2). If “N” further increases, the probability distribution function is getting even fatter in shape. Overall collision probability further increases due to the further decrease of probability of having “low-collision” (left red arrow)  and to the further increase of probability of having “high-collision” (right red arrow).
Observation 3: The above-mentioned two Observations (1 & 2) hold good even if a much smaller “ac-barring probability” is newly introduced, i.e., a value smaller than 0.05. However, introducing a new smaller value for “ac-barring probability” is not a good remedy to consider because of the unique characteristic of EAB mechanism: the number of UE’s passing through EAB (i.e., RACH load) is randomly determined by the individual UE’s random-draws in EAB. Therefore, uncontrollably heavy RACH load is still possible to happen. The post-EAB load shall now be controlled by back-off control.
 3
Conclusion
From the observations (1 & 2), it can be concluded that overall collision probability increases (thus overall RACH throughput decreases) as the number of UE’s requiring RA increases as in RAN2’s prototype example of London’s metropolitan area presented in TR 37.868. Furthermore, from the observation 3, introducing a new smaller “ac-barring probability” (even if E(M) can be kept as the desired small value) does not resolve the possibility of uncontrollably heavy RACH load. Due to these concerns, RAN2 is kindly asked to discuss: 
Proposal 1: EAB is not good enough to control RACH overload with.

Proposal 2: Some possible solution(s) to control the incoming load after EAB.

Note: Please note that simplified examples are used for illustration purposes but not to draw the conclusion. The behaviour identified in this paper has generality regardless of the simplified settings of parameters used for examples.
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