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1
Introduction

The purpose of this document is to discuss the issues concerning radio resource management for MBMS. The main areas discussed are the mechanisms for establishment, reconfiguration and release of the resource allocated for MBMS. 

2
Establishment of resources 

2.1
General

The following sub-clauses discuss the resource establishment mechanisms and procedures required to provide support for new MBMS service. 

2.2
Packet Idle Mode

Figure 1 illustrates the new signalling flows required in gathering all users in packet idle mode interested in a particular MBMS service. 
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Figure 1 Establishment of MBMS resources for MS in IDLE mode
1. The <new> MBMS ANNOUNCEMENT message is required to indicate the imminent start of an MBMS service. The new message would need to include:

· An identity of the MBMS service to be paged, probably the TMGI.

· A list of the IMSI for all users subscribed to this MBMS service in the Routeing Area.

· A MBMS Sequence No. (clip number) if efficient re-transmission is required at application layer.

· MBMS Service Area description.

2. The paging of the MBMS users is completed on the PCH, and after correlation at the BSS is passed down to MBMS interested users in dedicated, packet transfer and dual transfer modes. On reception of the new paging message the MS moves from NC0 to NC2. The proposed paging message contains the following information.

· TMGI - copied from MBMS ANNOUNCEMENT message.

· MBMS Sequence No - copied from MBMS ANNOUNCEMENT message.

· Information for MS on timing of paging response. (see sub-clause on counting)

3./4.
Uplink resources are assigned to a specific MS, allowing the MS to respond to the MBMS page.

5.
The MS sends a <new> MBMS RESPONSE message to the BSS, requesting reception of a MBMS service. This new message includes: 

· Service identity or TMGI
· Neighbour cell measurement information

· MS capabilities

The MS remains in packet transfer mode while other MS from the MBMS group respond to the page.

- - - - - 
The BSS counts the number of responses from MS and decides on the use of point-to-point and point-to-multipoint resources. The decision of the channel utilisation is completed on a cell-by-cell basis and is completed using the following mechanisms:

6a.
The BSS allocates point-to-point resources to each of the MS in turn, with a PACKET TIMESLOT RECONFIGURE message. Upon reception of this message the MS reverts to the previous NC mode of operation.

6b.
The BSS allocates a resource to the MS, with a combination of PACKET DOWNLINK ASSIGNMENT and IMMEDIATE ASSIGNMENT messages. An MS shall comply with this assignment message, directed to the MS or the MBMS group, at any instance since the reception of the MBMS paging message. Upon reception of this message the MS reverts to the previous NC mode of operation.

6c.
The BSS may instruct MS to move to different cell using the PACKET CELL CHANGE ORDER message.


2.3
Dedicated Mode

After the BSS receives the <new> MBMS ANNOUNCEMENT message, a correlation is completed by the BSS between the IMSIs passed down in the <new> MBMS NOTIFICATION message and IMSIs of MS known by the BSS to be in dedicated mode. MS that are found to be in dedicated mode are then passed a <new> MBMS NOTIFICATION message, which contains:

· TMGI - copied from <new> MBMS ANNOUNCEMENT message.

· MBMS Sequence No - copied from <new> MBMS ANNOUNCEMENT message.

· Indication of MS requirements

Upon reception of the page, they may continue in a different manner depending on the MS capabilities:

a)
If the MS supports dual transfer mode, the MS can respond to the MBMS paging with the <new> MBMS RESPONSE message on the main DCCH indicting support for DTM. The BSS has two options:

· If the BSS allocates resources to the MS, for the MBMS service, then either DTM ASSIGNMENT COMMAND or PACKET ASSIGNMENT message is passed to the MS allocating resources to MS. 

· If the BSS does not allocate resources, the BSS responds with a MBMS REJECT message to the <new> MBMS RESPONSE, which may include the details of point-to-multipoint resources allocated to those users in packet idle mode. If resources are included, the MS can then indicate to the user that a service is available but requires termination of the voice call.

b) If the MS is not capable of supporting DTM then the MS can then indicate to the user that a service is available but requires termination of the voice call. If the user terminates the CS activity then the MS continues as if the MS was in packet idle mode.

2.4
Packet Transfer Mode

After the BSS receives the <new> MBMS ANNOUNCEMENT message, a correlation is completed by the BSS between the IMSIs passed down in the <new> MBMS NOTIFICATION message and IMSIs of MS known by the BSS to be in packet transfer mode. MS that are found to be in packet transfer mode are then passed a <new> MBMS NOTIFICATION message, which contains:

· TMGI - copied from MBMS ANNOUNCEMENT message.

· MBMS Sequence No - copied from MBMS ANNOUNCEMENT message.

· Indication of MS requirements

Upon reception of the page, the MS may continue in a different manner depending on the MS capabilities:

a) If the MS support multiple TBFs, the MS requests the MBMS service.

· If the BSS allocates resources to the MS, for the MBMS service and continuation of previous services, then either PACKET TIMESLOT RECONFIGURE or PACKET DOWNLINK ASSIGNMENT message is passed to the MS. 

· If the BSS does not allocate resources to the MS, for the MBMS service, the BSS responds with a MBMS REJECT message, which may include the details of point-to-multipoint resources allocated to those users in packet idle mode. If resources are included, the MS can then indicate to the user that a service is available but requires termination of the existing packet resources.

b) If the MS does not support multiple TBFs, the user would to be notified that the PS service has to be terminated/postponed for the reception of an MBMS service. The MS then follows procedures for MS in the packet idle mode scenario.

2.5
Dual Transfer Mode

After the BSS has correlated the IMSIs received in the MBMS ANNOUNCEMENT message to the list of MS currently in dual transfer mode, the BSS will follow the same process in the establishment of MBMS as an MS in dedicated mode supporting dual transfer mode.

2.6
Additional Mechanisms

2.6.1
General

This sub-clause deals with the new mechanisms required to support the possible large number of users accessing the MBMS service on one cell as well as the selection of channel types.

2.6.2
Page 1/N

To allow MBMS to scale gracefully, a mechanism is required to limit the number of packet idle mode users that reply to a (P) PAGING REQUEST message. The BSS decides and indicates in the paging messages the proportion of users subscribed to an MBMS service to respond. The BSS calculates this proportion based on:

· The previous MBMS paging response load; 

· The number of MS subscribed to this service in the Routeing Area or MBMS Service Area.

When an MS receives a paging message including the Page 1/N field, the MS calculates a random integer between 1 and 2N, if the answer is 1 then the MS responds to the paging message.

2.6.3
MS Counting

After an MBMS service has been paged the BSS counts the MBMS RESPONSE messages on a cell-by-cell basis. The estimated number of users interested in a particular service is made up from the product of the number of idle mode MS paging responses and the Page 1/N proportion, summed with the interest MS in other modes. The number of interested MS is then used to select the most suited channel type and possibly stream type for a particular cell. Any threshold decisions could be network and media specific.
2.6.4
Quench 

The BSS may decide, before gathering the MBMS RESPONSE messages from all the MS interested in a specific MBMS service, to allocate a point-to-multipoint resource to all the MS. An MS in the MBMS group shall comply with an assignment message to the MBMS group, even if it is still waiting to respond to the MBMS paging message or a response to the (P) CHANNEL REQUEST message (step 3, Figure 1).

3
Reconfiguration of resources

3.1
General

This section discusses the main aspects of the reconfiguration of the radio resource whilst in an MBMS session. The areas discussed include the scaling and reallocation of resources as well as the re-gathering of users to a point-to-point bearer.

3.2
Scaling resources to radio conditions

The BSS requires the ability to scale the resources allocated to a specific MBMS service depending on congestion levels and available resources. The scaling of radio resources allocated to point-to-point and point-to-multipoint configurations can completed using existing reallocation procedures. 

To minimise data loss at cell change the loose synchronisation of the application layer data is required, but in varying the radio data rates allocated to the data stream, synchronisation would be lost. If the BSS was provided with data flows with different data rates, the BSS could select a flow depending on the available radio resources, but synchronisation could be maintained.

3.3
Change of timeslots or TRXs

The BSS completes the reconfiguration of the MBMS channel using existing procedures (e.g. PDA or PTR). In the case of the reconfiguration of the point-to-multipoint channel all the MS are instructed with one command, directed to their shared identity, to move to the new assignment.

3.4
Point-to-Multipoint → Point-to-Point

3.4.1
General

The scenario of BSS switching between shared and dedicated resources may not be needed for MBMS sessions of short duration, where damage caused by the interruption may outweigh the short waste of radio resources. However, this functionality is likely to become essential for longer MBMS sessions, where the waste of using the higher bandwidth point-to-multipoint channel when there are not (enough) users in the cell to justify it becomes more significant.

The reallocation of resources from point-to-multipoint to point-to-point involves the BSS knowing the approximate number of users listening to a shared resource and hence a (re-)counting mechanism is required. The repeat period of the counting mechanism would be calculated at the BSS and should take into account the session length, previous count results as well as the count mechanism being deployed. 

There is one main design decision affecting the solution for the transition between shared and dedicated resource, this being the use of a shared uplink control channel.

3.4.2
MBMS control channels downlink only

The BSS is unaware of the number of MS receiving the MBMS multicast on this shared channel due to no feedback path in the uplink.

For the BSS to (re-)count the number of MS, the BSS periodically instructs a percentage of users to ends their downlink TBF carrying the MBMS multicast data, either using the normal TBF countdown procedures or the PACKET TBF RELEASE message and after a small delay initiates the procedures for packet idle mode establishment (see sub-clause 2.2). Once the quantity of MS is known, the BSS can allocate resources accordingly.

3.4.3
MBMS control channels bi-directional

The following figure illustrates a proposed re-counting/reconfiguration method when an uplink channel is allocated for an MBMS service.
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Figure 2 Reconfiguration of MBMS resources

1. The MS(s) are receiving an MBMS service on a shared downlink resource with each MBMS service identified by a TFI.

2. The BSS decides the number of MS should be gauged and initiates the re-counting mechanism. The message that requests the count includes parameters to randomise the response times of the MS and limit the number of MS replying to the count on this MBMS channel.

3. The MS responds to the BSS requesting a count with a <new> MBMS COUNT RESPONSE message. This message includes an identity (e.g. a random number) so this MS can be selected out of a group on the shared downlink channel.

Once all the MS have responded the BSS has the following options:

a) If there are enough MS on this channel to warrant the existence of the shared channel, an assignment message is passed to all MS addressed using the TFI. The assignment message may or may not assign new resources, but indicates to the MS the completion of the count procedure.

b) If there are insufficient users to justify the overhead of the point-to-multipoint channel, then each MS in turn (using the IDs) is assigned new point-to-point resources. (as step 4)

c) If no users respond to the count, then the MBMS resources can then be released.

4a.
When there are insufficient users to justify the overhead of the point-to-multipoint channel and the BSS moves each MS in turn to new point-to-point resources to complete this MBMS data session.

4b.
As soon as enough MS have responded to the <new> MBMS COUNT REQUEST message the BSS can instruct all MS not to continue respond until the next occurrence of the request.

It is assumed that the point-to-point and point-to-multipoint application data streams are roughly synchronised, allowing the system to move users between point-to-point and point-to-multipoint resource with minimal data loss.

4
Release of resources

The MBMS resources will be required to be released in the following cases:

a) When the MBMS session is complete either a PACKET TBF RELEASE message can be passed by the BSS to the MS or the count down procedure can be used to release the MBMS session. 

b) To force re-counting to be completed for an MBMS service. (Dependent on the re-counting mechanism chosen, see sub-clause 3.4)

c) Once the BSS has completed the (re-)counting procedure and the BSS finds no users are listening to a point-to-multipoint resource, the BSS can release the resource with a PACKET TBF RELEASE message.

Additional signalling may be required to provide resource usage figures to the SGSN on completion of the transmission of an MBMS session, for use in generating billing records and operators statistics.

5
Summary

This document has proposed some solutions for the establishment, reconfiguration and release of resources allocated to the MBMS service. 

After discussion of this paper some working assumptions are required to be agreed and can be included at a later date in the GERAN stage 2. Any issues that remain open after discussion should be documented in the Open Issues section stored in the Annex of the GERAN stage 2.
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