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1. Introduction

This paper proposes two methods which supports a flexible usage of idle mode for MBMS, allowing maximal saving of UE battery power and signalling load in UTRAN. 

The first method provides a means by which UTRAN can discover the presence of idle mode UEs within a cell and count their number. The presence of idle mode UEs is taken into account when UTRAN decides to set up radio bearers for a multicast service. The second method provides a means by which an idle mode UE can indicate to the network that it is changing cells whilst receiving a multicast service.

2. Discussion
Throughout this paper the term UE is taken to refer to a UE that has a specific MBMS multicast service activated.

It has already been agreed to support the provision of MBMS multicast services to UEs which are in idle mode.. Currently no procedures exist which enable an RNC to identify whether there are idle mode UEs present in a cell in order to decide whether to establish a point-to-point or point-to-multipoint MBMS bearer. If there is no such functionality the MBMS multicast service would be transmitted in all cells of the service area by point-to-multipoint RBs, otherwise all UEs must be kept in connected mode. This would either result in a potential waste of network resources or an increased load on the UE and network. 

Therefore it is desirable that UEs are maintained in idle mode whilst multicast bearers are selectively established in cells depending on the specific needs. This is made possible if an RNC can discover the presence of idle mode UEs within cells enabling a flexible use of idle mode. Additionally, the fact that changing between GERAN and UTRAN is much simplified if the UE has no network connection further encourages the use of idle mode when a UE has no other dedicated service in progress.

The idle mode user discovery mechanism also enables the RNC to transfer UEs to connected mode, when point-to-point bearers have to be established, but to leave them in idle mode if a point-to-multipoint bearer is the optimum configuration in a cell. By this means an efficient resource utilisation can be achieved. A procedure describing this mechanism is explained below in section 2.1 “Idle Mode UE Discovery”.

In order to support continuity of MBMS services to idle mode UEs that are receiving MBMS services and move between cells it seems to be desirable that those UEs are able to indicate their presence in a cell. Thus, an idle mode UE can trigger the transmission of bearer information. A procedure describing this mechanism is explained below in section 2.2 “Idle Mode UE Mobility”.

2.1 Idle Mode UE Discovery
2.1.1 Idle Mode UE Discovery with Establishment of a point-to-multipoint MBMS RB

The Idle Mode Discovery procedure enables the RNC to identify the presence of idle mode UEs within a cell. This procedure complements the decision process in the RNC whether to setup a p-t-p or p-t-m RB, which currently takes only connected mode UEs into account. 

Figure 1 illustrates a procedure which handles the assignment of a point-to-multipoint bearer:
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Figure 1. 
Idle mode UE discovery procedure with establishment of a point-to-multipoint MBMS RB  
1.
By using a paging mechanism, the RNC requests that Idle mode UEs which have activated a particular MBMS service indicate their presence by uplink signalling. 

2. The UE responses to the MBMS paging with the (existing) RRC Connection Request message. 

3. If the RNC has sufficient information to decide on the MBMS RB type, or whether to establish an MBMS bearer at all, the RNC can terminate the Idle Mode UE Discovery procedure.

4. The discovery procedure is individually terminated by receiving an RRC Connection Reject message (4a in Figure 1). Alternatively, a paging acknowledgement can be transmitted on a downlink MBMS control channel to those idle mode UE which haven’t successfully sent a paging response (4b in Figure 1). 

5. The establishment of a point-to-multipoint bearer is signalled on the downlink MBMS control channel. The MBMS RB Setup message could also terminate a UE’s attempt to respond to paging if neither step 4a nor 4b have been performed already.

2.1.2 Idle Mode UE Discovery with Establishment of point-to-point MBMS RB 
If the RNC decides that point-to-point bearers are to be established it will signal an RRC Connection Setup message to each UE instead of the RRC Connection Reject message. The RNC may then authenticate the UE and establish the point-to-point bearer in the normal way.

2.2 Idle Mode UE Mobility

This method handles the case when an idle mode UE changes between cells whilst receiving MBMS data. In order to enable continuity of service the UE must be able to obtain information about the configuration of the MBMS RB (if one exists) in the new cell. 

The following method enables an idle mode UE to obtain neighbour cell information for MBMS:

· Idle mode UEs could indicate their presence in a cell, after cell reselection, by transmitting in the uplink. This would trigger the transmission of MBMS bearer information for the cell on the downlink MBMS control channel. This option has the advantage that if there is no RB configured for the MBMS service in the cell, the RNC is made aware of a UE’s presence and can decide to establish one. The bearer could be point-to-point or point-to-multipoint.

2.2.1 Idle Mode UE Mobility – point-to-multipoint MBMS RB

Figure 2 illustrates the procedure when the RNC indicates the presence of a point-to-multipoint bearer. 
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Figure 2. Idle mode UE mobility procedure with indicating parameters of a point-to-multipoint MBMS RB.

1.
If the UE is not able to continue receiving MBMS services after a cell change due to lack of knowledge of MBMS RB configuration used in the new cell it may send the RRC Connection Request message to indicate its presence in the new cell.

2.
If a point-to-multipoint MBMS RB is configured in the cell and the UE shall stay in Idle mode a RRC Connection Reject message is signalled to the UE.

3.
The UTRAN indicates the relevant point-to-multipoint bearer information by sending MBMS RB Reconfiguration message.

2.2.2 Idle Mode UE Mobiltiy – point-to-point MBMS RB

If the RNC wishes to assign to the UE a point-to-point MBMS RB then the RNC will respond to the UE’s RRC Connection Request message with an RRC Connection Setup message. Authentication and assignment of a point-to-point MBMS RB would then follow in the normal way.

3. Conclusion and Proposal

In this paper we’ve introduced the following two methods for an enhanced support of idle mode UEs:

· Idle Mode UE Discovery procedure

· Idle Mode UE Mobility procedure

These procedures efficiently support all types of MBMS services in all scenarios where both idle mode and connected mode UE’s are present in cells. 

We propose to capture sections 2.1 and 2.2 of this paper in [1].
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