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1 Introduction

The current assumption for counting MBMS terminals interested in each Service Group is that these terminals would be moved to RRC Connected Mode and PMM CONNECTED.  It is generally recognised that this can generate large amounts of signalling, both in the UTRAN and in the CN, especially where large numbers of UEs are involved. It is proposed therefore to use a “probability factor” to control the signalling load arising from UEs setting up RRC connections for counting purposes. 

 It would be beneficial to provide a more efficient mechanism for counting and re-counting, especially for UEs in idle mode. 

2 RACH-based counting mechanism

The main purpose of counting is to identify the most efficient delivery mechanism for each MBMS service group – i.e. p2m or p2p. It is not always necessary to know the identity of each interested UE, especially when re-counting is being performed to confirm that p2m is still the most efficient delivery mechanism. Indeed, the use of the probability factor means that the identity of all interested UEs would not always be available anyway. 

The main requirement for the counting mechanism is therefore that it is possible to determine, with a reasonable degree of accuracy, whether the number of interested UEs is greater than or less than the p2m threshold. 

It is possible to achieve this aim very efficiently using RACH preambles. Each UE wishing to be counted for a particular service group would transmit a RACH preamble (without a message part), and the number of possible RACH preambles (access slot + signature) would be restricted so that collisions would occur if the total number of UEs was greater than the p2m threshold. This would have the advantage of giving a reasonably accurate count for small numbers of UEs, and a less accurate count if the number of UEs being counted was significantly greater than the p2m threshold. 

This can be achieved by means of a few simple modifications to the Rel-99 RACH procedure:

· Allocate one particular RACH Access Service Class (ASC) specifically for MBMS feedback
. This would be signalled to the UE by RRC signalling, and could be included in the MBMS ACCESS INFORMATION. 

· When using RACH for MBMS counting, one RACH sub-channel (see TS25.214) would be used for each service group
. The identity of the sub-channel for each service group would also be signalled to the UE by RRC signalling, and could be included in the MBMS ACCESS INFORMATION.

· Specify a number of RACH preamble signatures to be used for MBMS counting, again signalled by RRC (could be included in the MBMS ACCESS INFORMATION). Typically the number of signatures used would be chosen to be between t and 2t where t is the p2m threshold. 

· Each UE being counted randomly selects one of the allocated signatures and transmits it using a timeslot from the designated RACH sub-channel. The preamble is repeated using power ramping in the usual way until an acknowledgement is received on the AICH.  

If the number of UEs being counted is small compared to the p2m threshold, most of them should therefore select different signatures for their RACH preambles, and the Node B will be able to acknowledge each separately and arrive at an accurate count of the number of UEs. 

If, on the other hand, the number of UEs being counted is larger than the p2m threshold, many of them will select the same signatures for their RACH preambles and be acknowledged together. In this way the network can very efficiently reach the conclusion that p2m is still the most efficient mechanism for service delivery, without causing a large amount of signalling or blocking a large number of RACH access slots for other UEs. 

This process is illustrated in the following flow diagram (Figure 1):
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Figure 1: Flow diagram for efficient MBMS counting procedure using RACH

3 Conclusions and Recommendations

In view of the large amount of signalling required for moving UEs to RRC Connected Mode for counting and re-counting, it is desirable to have an alternative possibility of using a basic, more efficient mechanism. 

The network could use either mechanism for MBMS counting / re-counting, depending on the amount of information required from the “interested” UEs and the amount of signalling which could be tolerated. 

An efficient counting mechanism can easily be provided using the RACH.

It is therefore recommended to approve the following CR for TS25.346. 
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5.2.5
MBMS Counting

MBMS Counting is used to determine the optimum transmission mechanism for a given service.

1. The need for counting is indicated in the notification, and is achieved by requesting UEs, belonging to the same MBMS service group, either to establish an RRC connection or to transmit appropriate RACH preambles. 

2. If the RRC connection method is used, the exact number of UEs that need to be brought to RRC connected mode is an RRM issue.

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 may control the load due to the RRC connection establishment requests or RACH preamble signalling, by setting an access "probability factor".

4. Following counting using the RRC connection method, the number of subscribers that need to be maintained in RRC connected mode or for which the RNC releases their connection, is also an RRM issue. 

5. For a given MBMS service, the counting indication in the notification may be switched on and off, on per-cell basis. 
6. The RNC may use notification to indicate counting during an ongoing MBMS session (term used is re-counting). 

7. The RNC receives via Iu from CN information (MBMS service ID) about UEs who are in RRC Connected mode, and have joined the MBMS service. This information may be used for counting purposes.
The MBMS counting function includes a mechanism by which the UTRAN can prompt users interested in a given service to become RRC connected. This procedure is only applicable for UEs in idle mode and relies on the MBMS ACCESS INFORMATION transmitted on the MCCH. The probability factor indicates the probability with which UEs need to participate in the counting procedure by attempting an RRC connection procedure or transmitting appropriate RACH preambles.

In order to trigger counting for a given service, the UTRAN may use the regular MBMS notification mechanism outlined in section 5.2.4 to force UEs interested in the service to read the MCCH information. This also indicates whether the RRC connection method or the RACH preamble method is to be used for counting.
5.2.5.1
RRC connection method for counting

Once a UE detects that the counting procedure is on-going for the specific service it wants to receive, and that the RRC connection method is to be used, it will attempt to set up an RRC connection based on the probability factor included in the MCCH. [The details of this mechanism will be defined in the Stage 3 specifications]. 

Also, the UE will keep receiving the MBMS ACCESS INFORMATION at every access info period until UE becomes RRC connected or counting is no longer required. Whenever it receives new MBMS ACCESS INFORMATION the UE will update its probability factor with the new value. 

The Figure 4 below illustrates this mechanism. The green colour for the MICH indicates when the NI is set for the service. The green colour for the MBMS ACCESS INFORMATION indicates that the counting procedure is on-going and that UEs need to establish an RRC connection based on the included probability factor (PF). For the critical MCCH info, different colours indicate potentially different content.
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Figure 4: Illustration of Access Info period during MBMS counting

For every UE brought to RRC connected state for the purpose of counting, UTRAN will initiate the PMM Connection establishment procedure and will obtain from CN the set of MBMS services these users have joined.

5.2.5.2
RACH preamble method for counting

Once a UE detects that the counting procedure is on-going for the specific service it wants to receive, and that the RACH preamble method is to be used, it will ascertain from the MBMS ACCESS INFORMATION: 

· the one particular RACH Access Service Class (ASC) allocated specifically for MBMS feedback. 

· the one RACH sub-channel to be used for the MBMS service group.
· the set of RACH preamble signatures to be used for MBMS counting. (Typically the number of signatures used would be chosen by the network to be between t and 2t where t is the p2m threshold.) 

Based on the probability factor included in the MCCH, each UE being counted will then randomly select one of the allocated signatures and transmit it using a timeslot from the designated RACH sub-channel. The preamble is repeated using power ramping in the usual way until an acknowledgement is received on the AICH.  

This process is illustrated in the following flow diagram (Figure 5):
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Figure 3: Flow diagram for efficient MBMS counting procedure using RACH

The UE will keep receiving the MBMS ACCESS INFORMATION at every access info period until counting is no longer required. Whenever it receives new MBMS ACCESS INFORMATION the UE will update the RACH parameters. 

5.2.5.3
General

Counting for on-going services (re-counting) will rely on the same scheduling of the MCCH information. The only difference is that UTRAN may use in-band notification instead of the MICH to notify users [FFS based on decision on SNI].

8.1.1
Session start

Upon receiving a session start indication from CN, UTRAN initiates the session start sequence to allocate radio resources to UEs for receiving the MBMS content. As part of this sequence, UTRAN may apply the counting procedure (counting the number of idle mode UEs) to decide whether to use the p-t-m or p-t-p transfer mode.

The Figure 14 shows an example of a possible session start sequence.
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Figure 14: Session start
In general, the session start sequence involves the following steps:

· In case UTRAN applies counting to determine the most optimal transfer mode, it may first apply conventional paging to move UEs in URA_PCH to CELL_PCH state. Next, the following steps are performed:

· UTRAN sets the correct MBMS Notification Indicator (NI) and sends the MBMS ACCESS INFORMATIONincluding service ID, and access probability on MCCH. 

· Upon DRX wakeup, UEs in idle mode as well as UEs in CELL_PCH, URA_PCH and CELL _FACH not receiving an MBMS service provided in p-t-m transfer mode evaluate the MBMS NI and if set, read MCCH at the pre- defined time(s). Upon receiving the MBMS ACCESS INFORMATION including access probability, UEs in idle mode for which the probability check passes, initiate RRC connection establishment to move to PMM CONNECTED. RRC Connected mode UEs ignore the MBMS ACCESS INFORMATION. UTRAN counts the UEs interested in the MBMS service using UE linking from CN

· In case a pre- defined threshold is reached, UTRAN applies the p-t-m RB establishment procedure specified below. Otherwise, UTRAN may repeat the MBMS ACCESS INFORMATIONa number of times, using different probability values. If the threshold is not reached, UTRAN applies the p-t-p RB establishment procedure

NOTE:
The NIs are evaluated by UEs in CELL_PCH, URA_PCH and CELL_FACH that are not receiving an MBMS service that is provided using p-t-m transfer mode. In this section these UEs are referred to as 'NI- detecting connected mode UEs'. The UEs in CELL_PCH, URA_PCH, CELL_FACH and CELL_DCH that are receiving an MBMS service that is provided using p-t-m transfer mode receive the Secondary Notification Indicator (SNI) instead. The latter UEs are referred to as 'SNI detecting connected mode UEs'.
The RACH preamble method described in sub-clause 5.2.5 may also be used for counting, in which case the counted UEs do not have to set up an RRC connection.
· In case UTRAN selects the p-t-m RB establishment procedure:

· UTRAN configures MTCH and updates MCCH (MBMS Service InfoRMATION and MBMS RADIO BEARER INFORMATION) by including the service ID and p-t-m RB information for the concerned MBMS service

· In case p-t-m RB establishment is not preceded by counting, UTRAN sets the correct MBMS Notification Indicator (NI). Regardless of counting, UTRAN also provides the Secondary Notification Indicator.

· UTRAN sends the MBMS dedicated notification message including the service ID and cause= session start on DCCH to inform UEs in CELL_DCH that are not receiving an MBMS service provided using p-t-m transfer mode

· In case p-t-m RB establishment is preceded by counting, UEs in idle mode as well as NI- detecting connected mode UEs read MCCH at the pre- defined time(s) to acquire the MBMS Service InforMATION and MBMS RADIO BEARER INFORMATION

· In case p-t-m RB establishment is not preceded by counting, Upon DRX wakeup, UEs in idle mode as well as NI- detecting connected mode UEs evaluate the MBMS NI and if set, read MCCH at the pre- defined time(s)to  acquire  the MBMS Service Information and MBMS RADIO BEARER INFORMATION 

· Upon detecting the MBMS SNI, SNI- detecting connected mode UEs read MCCH at the pre- defined time(s) to acquire  the MBMS Service InfoRMATION and MBMS RADIO BEARER INFORMATION. UEs that are incapable of receiving the MTCH for the session that is started in parallel to the existing activity notify the user. This enables the user to choose between the ongoing activity and the new MBMS service

· Upon receiving MBMS dedicated notification with cause= session start, UEs in CELL_DCH that are incapable of receiving the MCCH and the corresponding MTCH in parallel to the existing activity notify the user. This enables the user to choose between the ongoing activity and the new MBMS service. If the user decides to receive the new MBMS service, the UE shall read MCCH at the pre- defined time(s) to acquire the MBMS Service InfoRMATION and MBMS RADIO BEARER INFORMATION. 

· Upon receiving the MBMS Service InfoRMATION and the MBMS RB INFORMATION including the p-t-m RB information for the concerned MBMS service, the UE starts receiving the p-t-m radio bearers 

· In case UTRAN selects the p-t-p RB establishment procedure:

· UTRAN applies conventional paging to trigger UEs in CELL_PCH to perform cell update. Furthermore, UTRAN establishes the p-t-p RB by means of appropriate RRC procedures eg. the RB setup procedure

· UEs establish the p-t-p radio bearers by means of the RRC procedure selected by UTRAN eg. the RB setup procedure 

· UTRAN updates MCCH (MBMS Service Info) to inform UEs joining or entering the cell at a later point in time.

8.1.3
Recounting

During a p-t-m MBMS session, UTRAN may perform re- counting to verify if p-t-m is still the optimal transfer mode. The purpose of the re- counting procedure is to count the number of idle mode UEs that have joined a specific service. As a result of this procedure, UTRAN may decide to change the transfer mode from p-t-m to p-t-p. This change of transfer mode is outside the scope of this sequence (to be covered by a separate sequence).

The Figure 16 shows an example of a possible recounting sequence.
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Figure 16: Recounting with continuation of p-t-m
In case UTRAN applies re- counting to determine the most optimal transfer mode, the following steps are performed:

· UTRAN sets the correct MBMS NI and sends the MBMS ACCESS INFORMATIONincluding service ID, and access probability on MCCH

· Upon DRX wakeup, UEs in idle mode as well as NI- detecting connected mode UEs evaluate the MBMS NI and if set, read MCCH at the pre- defined time(s). Upon receiving the MBMS ACCESS INFORMATION including access probability, UEs in idle mode for which the probability check passes, initiate RRC connection establishment. Connected mode UEs ignore the MBMS ACCESS INFORMATION.

· UTRAN counts the UEs interested in the MBMS service using UE linking from CN

· In case a pre- defined threshold is reached, UTRAN continues using the p-t-m transfer mode. Otherwise, UTRAN may repeat the MBMS ACCESS INFORMATION a number of times, using different probability values. If the threshold is not reached, UTRAN switches transfer mode from p-t-m to p-t-p

· In case UTRAN continues using the p-t-m transfer mode, it may return UEs that responded to counting back to idle mode by releasing the RRC connection.

The RACH preamble method described in sub-clause 5.2.5 may also be used for re-counting, in which case the counted UEs do not have to set up an RRC connection.

11
Resource Management for MBMS

11.1
MBMS Access Control Procedure

MCCH messages initiating counting or recounting cause multiple responses from UEs within a cell. If the RRC connection method is being used, this may result in RACH congestion if number of UEs is high in a cell. To avoid this, CRNC may perform MBMS access control procedure during counting or recounting procedure. MBMS access control procedure is described in Figure 38.
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Figure 38: MBMS Access Control Procedure
1.
CRNC calculates an initial probability factor for a MBMS service when a MCCH message causing counting or recounting is about to be sent. 

2.
CRNC includes the probability factor into the MCCH message and sends it to UEs. This can be done in MBMS Group Notification. 
3.
UEs perform RRC connection request procedure using the probability factor received in step 2. UEs keep listening to MCCH to get updated probability factor until they succeed to establish RRC connection. 

4.
CRNC detects the probability factor needs to be updated. Detecting mechanism is not to be standardized.

5.
CRNC recalculates the probability factor. The way of calculating new probability factor is not to be standardized.

6.
CRNC includes the updated probability factor into the MCCH message and sends it to UEs.

7.
UEs perform RRC connection request procedure using the new probability factor. UEs keep listening to MCCH to get updated probability factor until they succeed to establish RRC connection.

CRNC and UEs who are still trying to perform the RRC connection request procedure repeat step 3 ~ step 7 until e.g. counting or recounting procedure ends.
Alternatively, the RACH preamble method described in sub-clause 5.2.5 may be used for counting and re-counting, in which case the counted UEs do not have to set up an RRC connection and RACH congestion is minimised. In the case of the RACH preamble method, the probability factor may still be used to minimise the number of RACH preambles which are transmitted. 










































� Note that if NACK feedback is later introduced, the same ASC would be used for the NACK feedback as for the counting mechanism.


� Note that if NACK feedback is later introduced, the counting mechanism would use the sub-channels allocated for the NACK feedback, but with different preamble signatures.
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