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1 Introduction
MBMS has been proposed both for WCDMA and GSM air interfaces in 3GPP. A similar service (MC-BC) is undergoing standardization in 3GPP2 for the cdma2000 air interface. Regardless of the air interface, there is a need for a technique that allows counting the number of users in a particular cell, so that the operator can decide:

· When to transmit MBMS content in the cell (1 or more users in the cell) 

· How to transmit this content (point to point or point to multipoint connections)
· When to switch from point to point to point to multipoint transmission (and vice versa)
In [1] it is described a technique for detecting when there is at least a single user in a cell. The technique described in [1] is tailored to the cdma2000 air interface. 

In this document we generalize the technique to other radio interfaces and to count any number of users. We also improve it to control the load on the access channel in all possible scenarios.
This document assumes that the UE mobility will not be handled by existing R'99 techniques (URA_PCH state and corresponding procedures), as advocated in [4]. If it will be decided that R'99 procedures are not sufficient to handle the mobility of MBMS users, then this technique, or similar ones, should be considered.
2 Description
2.1 One cell scenario

As in [1], the scheme proposed here is mainly based on the use of a bit (or flag) sent on a broadcast channel. Let's assume that the flag has two possible values {REGISTER, DO_NOT_REGISTER}. 

In case multiple MBMS services are offered, the flag could refer to their totality or to one of them. In the second case, there should be as many flags as MBMS services. It will be seen that this case is conceptually a trivial extension of the scenario where only one MBMS service is offered. Therefore, for the sake of simplicity, it will be assumed in the following that only one MBMS service is offered.

In addition to what is specified in [1], the network could send on a common control channel, such as the notification channel, a parameter {WAIT_TIME}, which is used to modulate the rapidity with which the UEs perform a registration, after they have determined that a registration is required. The {WAIT_TIME} parameter could be cell specific and content specific, i.e. if multiple contents are available in a cell, multiple values of {WAIT_TIME} could be transmitted, and each of them could have a value proportional to the popularity of a particular service, so that very popular services do not cause too many registrations in the cell. Similarly, cells covering a large number of potential users, e.g. macrocells, should transmit smaller values of {WAIT_TIME}. As alternative, the {WAIT_TIME} parameter could be a single value in each cell.

When a UE is interested in the reception of MBMS content, it should check the value of the flag in the cell it is entering, or in the cell where the need for MBMS content arises. If the flag is set to "REGISTER", the UE, after a random or pseudorandom delay determined by the parameter {WAIT_TIME}, will send a message to the network indicating its presence. 

This message should include:

· A user specific identifier that allows the network to identify the UE (to check if it is really subscribed to the MBMS service)

· A service specific identifier that allows the network to determine which MBMS content the user is interested in receiving (in case several MBMS services are offered and the flag was referring to one of them only)

When the network has received enough (i.e. >= N) valid registrations from distinct valid subscribers in a particular cell for a particular MBMS content, it can set the value of the flag to "DO_NOT_REGISTER", and can start the transmission of that specific MBMS content on a point to multipoint channel (broadcast) in that cell (as opposed to several point to point channels).

Setting the flag to “DO_NOT_REGISTER” prevents UEs that join afterwards from sending more registrations. This reduces the load on the access channel to the minimum required by the network operator to determine the use of a point to multipoint channel.

In addition to this, it eases the process of joining for “late users”. In fact, if a subscribed user decides to join when the MBMS service is already being broadcast, the user will check the corresponding flag. As this flag is set to “DO_NOT_REGISTER”, the user will understand that the service is currently already being transmitted on a point-to-multipoint channel, and will be able to tune to it.

If the flag is constantly set to "REGISTER" in cell, the UE, which has already registered, will register again, after some random or deterministic delay, so that the network will be aware that it is still interested in receiving the MBMS content.
2.2 Recounting
Periodically, the network could verify that there are still enough users in a particular cell, and set back the value of the flag to "REGISTER" while the MBMS transmission is ongoing. 

If the network does not receive enough valid registrations from distinct valid subscribers within a specified time (which could be a function of the WAIT_TIME parameter and of the amount of resources dedicated to that particular MBMS transmission), the network could decide to stop the use of the point to multipoint channel and start using point to point channels with each of the interested users, or it could chose to transmit nothing in the cell.

2.3 Neighbouring cells transmission

When the network starts the transmission of a specific MBMS content on a point to multipoint channel (broadcast) in a cell, it can also optionally start the MBMS transmission in some or all of the neighbouring cells. 

Neighbouring cells transmission is particularly useful in UTRAN if the network operator uses simulcast transmission with autonomous soft combining. This has been elaborated in [6].

Neighbouring cells transmission is also helpful in GERAN to provide a seamless service across neighbouring cells.

2.4 Management of neighbouring cells transmission
The procedures described above for user counting and recount are also useful to manage neighbouring cell transmission. 

In the case of a number of users moving in one or more directions (i.e. after a public event), the procedures allow to “turn on” and “turn off” the MBMS content in one or more clusters of cells in an adaptive fashion. The clusters would be centred on the area where the users reside at any given moment. This would result in a better management of transmission power and capacity.

3 Typical scenarios

3.1 Case 1: Several users in one cell

Case 1, Picture 1 – Initial condition
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Case 1, Picture 2 – Enough registrations are received
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Case 1, Picture 3 – The flag becomes "DO_NOT_REGISTER"
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Case 1, Picture 4 – More UEs join in
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3.2 Case 2: Recounting in one cell

Case 2 – Picture 1 – UTRAN is not sure of the exact number of UEs
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Case 2 – Picture 2 – UTRAN decides to perform a recount
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Case 2 – Picture 3 – Enough registrations are received
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Case 2 – Picture 4 - The flag becomes "DO_NOT_REGISTER"
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Case 3: Neighbouring cells activation

Case 3 – Picture 1 - Initial state
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Case 3 – Picture 2 – Enough registrations are received in a cell

 

Case 3 – Picture 3 – Point to Multipoint transmission is started
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Case 3 – Picture 4 - … after a while, other cells are involved
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4 Conclusion

This document has presented a possible technique to count and recount the number of users in a cell. This or other similar techniques should be considered if it will be decided that the mobility management for MBMS will not be handled using existing R'99 procedures.
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