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Further analysis on MBMS subscriber counting

1 Introduction

At GERAN #16 bis a proposed solution for counting of idle mode MBMS subscribers in a cell was presented [1]. Based on the questions raised and the received comments, some enhancements to the procedures are proposed in this paper that deals with the scenarios that may generate some ambiguity in the decision-making process. E.g. how to separate the case when too many subscribers send replies at the same time causing collisions and the case when there are too few replies. Solutions proposed in this paper will solve these problems. The case with no MBMS interested subscriber is considered as well. 

2 Probability of correctness 

As described in [1], upon receiving the notification message, the MS will move to the MGCCH, where Counting Information ( T, PAccess, …) will be sent to MS. The MS will respond with probability PAccess by sending a random access burst during the period between 0 and T. The number of access bursts from MSs in the cell, sent during the period between 0 and T, will be counted. In addition to the procedure proposed in [1] new functionality is now added to the counting procedure to make it possible to eliminate MSs that have already replied from further counting.
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Figure 1: Over view of Idle mode counting

The average number of the MSs that the system is able to detect depends on the values of T and PAccess parameters. 
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Correct setting of the PAccess parameter is crucial since too high value will lead to too many collisions which decreases the detection probability and too low values leads to that too few MS replies which also decreases the detection probability. This is illustrated in the table below that shows the average number of MSs that the BSS detects for different values PAccess where T = 20 bursts. In this example it is assumed rather pessimistically that any collision leads to that the BSS does not count any MS in that burst. In this example it is also assumed that the PTP/PTM threshold is around 7.
Different colors illustrate the estimated correctness. Green area indicates that the system has chosen the correct scaling and should be able to conclude that the number of users exceeds the PTP/PTM threshold. In yellow area the system require more information.

The table only shows the average number of MSs that are detected in one cycle of the counting procedures. In order to evaluate the performance of the proposed algorithm it is also important to study the distribution of the number of MSs that are detected.

Increasing the T parameter increases the area of the green field towards higher number of MS populations but it also increases the delay of the counting procedure. 

It is important to observe that it is quite difficult, with a single cycle of counting to get an accurate result when the number of MSs close to the Threshold. Therefore using a method where the number of the MSs that has been detected, not get included in the next effort, is needed and will enable more accurate results (see next section).

3 Case with few interested MBMS Subscribers

As illustrated in table 1 above there might be some ambiguity in decision making when the number of the subscribers are around the PTP/PTM threshold. In order to be able to count the number of users in this case, it is necessary to remove the detected users from being counted in the next re-count. This is achieved by using a method very similar to existing methods on the random access channels PRACH and RACH. Each MS uses a random identity (8 or 11 bits) sent in the access burst. The BSS will either in the re-count or during the count send an RLC/MAC Control message that acknowledges all the detected access identities and in which UL burst they were received. The MSs that has responded to the count and was once detected, will not reply to any further re-counts (except if resets are sent from the BSS).

By using this method it would be possible to more accurately count the MSs when there are few MBMS subscribers in the cell.
The example below shows the accuracy (e.g. Success rate of decision algorithm) of the counting when the counting cycle is repeated 3 times, PAccess = 100% in all counts, T = 20 bursts, PTP/PTM Threshold = 10. The decision-making algorithm simply repeats the counting for 3 times, removes MSs that have been detected in each count and then, based on the number of MSs detected, decides if the number of MSs in the cell can be assumed to exceed the PTP/PTM threshold.
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Figure 2: Accuracy of decision algorithm when the number of the users is few
As seen in the figure 2, this type of algorithm gives  accurate results for small subscriber populations (below 60).

The accuracy of this method in this example decreases when the number of the Subscribes in the cell exceeds 60.

Simulation results also shows that by increasing the T parameter it is possible to support higher amount of users, even if the number of re-counts is reduced. E.g. 3 counts with T = 20 supports less subscribers than 2 counts with T = 30. The drawback with few re-counts though is that the accuracy around the PTP/PTM threshold decreases.

4 Case with many interested MBMS Subscribers

In order to be able to detect when the number of MBMS users exceeds the PTP/PTM threshold also when there is a large population of MSs available in the cell, it is possible to change the value on PAccess between the counts. In this case, it might not be so necessary to remove the already-detected users from the further counting.

In this example (in figure 3), 3 counts are performed where PAccess takes the values 1%, 10% and 50%. T=24 and PTP/PTM Threshold is 10. No users are removed between the re-counts. The decision algorithm counts the number of the detected MSs in each count. If the number of MSs in the counts exceeds 1, 2, 8 resp in the different counts, the BSS assumes the number of MSs in the cell exceeds the PTP/PTM threshold.

The figure 3 shows the accuracy of the decision algorithm in the example. As seen this algorithm is very accurate when the number of MSs exceeds 30 MSs. 

Figure 3:  Accuracy of the decision algorithm when the population of the users is high
This algorithm is less accurate for small populations of MSs, but by combining the feature of removing MSs that have been counted once, with different values on the PAccess and T parameters, it should be possible to achieve accurate results for any subscriber population.

The worst-case figure for the delay of the counting procedures should probably be less than 6 times 20 bursts (5 ms) (e.g. where a combination of both procedures above are used), which translates to a total delay of 0.6 seconds (not including processing delays). 

5 Case with no interested MBMS Subscriber.

A question was raised in GERAN #16bis meeting regarding the case where no interested subscriber exists in the cell. It is still necessary to make sure that the received indications and replies to the notifications are correct.

A “no-detection” can be caused by collision of too many notification replies on the uplink channel. Using the methods described in earlier sections, it should be possible to detect when there is no MBMS subscriber in the cell. 
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Figure 2 Counting for activation of MBMS multicast service
6 MS Requirements

The solution proposed in this paper makes it possible to support counting of idle mode (GPRS Standby) MBMS subscribers in the cell. The exact algorithm used for counting is left for implementation in the BSS. The requirements put on the MSs, to provide the tools for BSS to perform counting, is that it can send access bursts with a given probability PAccess at a random occasion over a period T. Additionally the MS needs to stop sending access bursts when it received a DL message indicating that a previous access burst has been detected.
7 Conclusion 

This paper presents a proposal that should be able to perform reliable counting of the idle mode MBMS subscribers in a cell. In particular the following cases should be supported:

1- When there are very few MBMS subscribers.

2- When there are too many subscribers.
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Number of mobiles�
PAccess Percentage�
�
�
100%�
50%�
10%�
5%�
1%�
Threshold�
�
1024�
0,00�
0,00�
0,56�
3,90�
6,37�
PTM�
�
512�
0,00�
0,00�
3,90�
7,25�
4,14�
PTM�
�
256�
0,00�
0,19�
7,25�
6,99�
2,36�
PTM�
�
128�
0,19�
2,53�
6,99�
4,85�
1,26�
PTM�
�
64�
2,53�
6,53�
4,85�
2,86�
0,65�
PTM�
�
32�
6,53�
7,41�
2,86�
1,55�
0,33�
PTM�
�
16�
7,41�
5,59�
1,55�
0,81�
0,17�
PTM�
�
10�
6,30�
4,07�
1,00�
0,51�
0,10�
PTM�
�
8�
5,59�
3,43�
0,81�
0,41�
0,08�
PTM�
�
6�
4,64�
2,71�
0,61�
0,31�
0,06�
PTP�
�
4�
3,43�
1,90�
0,41�
0,21�
0,04�
PTP�
�
2�
1,90�
1,00�
0,21�
0,10�
0,02�
PTP�
�
1�
1,00�
0,51�
0,10�
0,05�
0,01�
PTP�
�
Table 1.  The table shows the average number of responses the system will see.
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