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1. Introduction 

According to TS25.346 [
], chapter 5.1.4, Counting may be performed for the purpose of PTP/PTM selection. To avoid bringing a large number of UEs for counting purposes to RRC connected mode at the same time causing RACH load, RRM in RNC can control the load caused by the RRC connection establishment requests, by setting an access “probability factor”. This contribution discusses how the "probability factor" can be used in order to achieve sufficiently accurate counting at the same time as minimizing RACH overload situations. 

2. Discussion
2.1 Fixed Probability Setting 

In this method, the probability is pre-set, and remains unchanged during a certain counting process. This probability value will be passed with the notification, and the UE will then perform a random draw test to decide as to whether it should perform the RRC connection establishment procedure. However, the method does not work well when an estimate of the number of users is not known beforehand. The reason is as follows:

a) If the probability is set to a high value, the access load problem cannot be solved when the number of users is large, since there will still be a lot of users that will access the RACH for the RRC connection establishment. For example, if the number of users is 200, and the probability is set to 0.9, there are still 180 users to access the RACH on average. Therefore, to avoid RACH overload the probability should be set to a small value. 

b) On the other hand, if the probability is set to a small value, and the number of users is small, there may not be enough users in the RRC connected state to make a good PTP/PTM decision. For example, if the RRM is using a PTP/PTM transition threshold of 7 users, and the real number of users in the cell is 10. If the probability is set to 0.2, there is a high probability that PTP will be selected and not PTM. 

The reason for the above issues is that the probability should complete the following two tasks: 

1) Reduce the RACH access overload when the number of users is large. 

2) Ensure that sufficient users are brought to the RRC connected state in order to make a good PTP/PTM decision. 

To fulfil 1), the probability should be small when the number of users is large; for 2) when the number of users is small, the probability should be large, even close to 1. It is hard for fixed setting a probability value that can work well in various situations without any pre-knowledge. 
2.2 Multiple-step Probability Setting

A multiple-step method for setting the access probability is proposed here in order to address the two issues identified in the previous section. 

The proposal here is to use a multi-step process for bringing the idle mode users to RRC connected mode with a different access probability used in each step of the process. The access probability used in each step is adaptive to the number of users, which initiated RRC connection establishment as a result of the previous step. Assume the threshold value for the PTP/PTM is M (RRM setting). The algorithm in the RAN side is as follows:
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Figure 1: Diagram for adaptive probability setting on the Network side

For the UE side,
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Figure 2: UE procedure
The basic idea described in the above diagram is as follows: after sending an MBMS counting indication in the notification to the MBMS users, the RRC will broadcast the initial probability value for the counting. If the received response (the number of UEs that establish the RRC connection) is greater than the threshold, PTM will be selected and no further action is required. If the received response is small, the probability value will be updated based on the current situation and the new value will be broadcast. 
A number of different formulas for updating the probability factor could be envisaged and would depend on factors such as RACH load, delay requirements, etc. Typically a small value of Pinit would be chosen in order to avoid the possibility of a RACH overload in the first step when there is no information about the number of users. 
3. Analysis and Simulation results

Some simulations results for the above algorithm are shown here. The formula used to update the probability factor was a very simple P=P*M/N. The parameters are set as follows: P_init =0.1, M = 7.  Figure 3 shows the relationship between the average number of steps for one counting process and the overall number of users. It is seen that the average number of broadcast per counting process is less than 2.5 in the worst case. More importantly, the signaling overload is now reduced. Further, by optimizing the P_init and other parameters, it is possible to obtain better performance.
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Figure 3.  Relationship between average repeat times and the number of users

In Figure 4, we show the relationship between the number of users that will access the RACH for establishing the RRC connection and the overall number of users.  It is seen even for the case that large number of MBMS users exists in the cell (200), very small amount number of users will access the RACH for establishing RRC connection. In the same figure, we also show the case that P=1, which means all the users will access the RACH, and the case that P is fixed to 0.1. 

We can see that for P=1, we always can count the correct number of users in the cell for PTP/PTM decision. However, the overload of the RACH can be seen to be very large when the number of users is large. For P is fixed to 0.1, the overload over the RACH can be reduced, however, we also can see that when the number of users is small, we can not obtain the correct number of users for PTP/PTM decision. In Multiple-step method, we always can count the correct number for the PTP/PTM decision (switching is at the point that the overall number of users is 7), and the overload to the RACH is much reduced. 
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Figure 4. Relationship Between Number of Users accessing the RACH and Overall Number of Users

5. Conclusion 

It is proposed that the MBMS specifications allow the use of a multiple step process to bring users to RRC connected mode for the purpose of counting. This approach can have the following benefits:

1) When the number of users is large the RACH load due RRC connection requests can be reduced.

2) When the number of users is small, adaptively updating the probability factor allows accurate counting to be achieved for the purpose of the PTP/PTM decision.

3) The average numbers of steps to achieve accurate counting is 2-3 (fast convergence). 

 It is proposed to capture this in 25.346 section 5.1.4 as follows:

3 Since it is desirable in a specific cell, to avoid bringing a large number of UEs for counting purposes to RRC connected mode at the same time (RACH load, etc), RRM can control the load due to the RRC connection establishment requests, by setting an access "probability factor". It shall be possible to bring users to RRC connected mode in a multiple step process with different probability factors for each step in an adaptive method.






























[�] 3GPP TS 25.346 v.0.5.0, “ Introduction of the MBMS in the RAN (Stage-2).
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