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1. Introduction

Since UTRAN currently has no knowledge that Idle mode UEs are present in a cell, it is not possible for UTRAN to transmit MBMS data to these UEs whilst simultaneously making efficient use of radio resources.

This paper discusses means to discover the presence of Idle mode UEs within a cell and to identify that an Idle mode UE has moved between cells whilst receiving MBMS data.

2. Discussion

In order to save battery power and reduce signalling load it is beneficial to keep UEs with activated MBMS services in Idle mode, especially if the intervals between MBMS data transfers are long. In the SRNC based solution [1] it is assumed that for UEs that are in Cell_PCH, Cell_FACH and Cell_DCH states existing RRC procedures are used to track UE movement on cell level by SRNC. Therefore, it is possible to know directly how many connected mode UEs, that require particular MBMS services, are present in a cell, but not those that are in Idle mode.

In order to provide MBMS services to Idle mode UEs there are several options possible:

(i) Switch all Idle mode UE that require the MBMS multicast service into connected mode prior to establishing the MBMS radio bearer. Since this state change has to be signalled to each Idle mode UE individually the signalling load in UTRAN and the CN could be large and there could be a significant delay in establishing the MBMS bearer.

(ii)
Transmit only in those cells where connected mode UE require the service. This mechanism has the disadvantage that Idle mode UEs would not receive MCAST data in cells where no connected mode UEs are present.

(iii)
Transmit multicast services via point-to-multipoint bearers in all cells in the service area without taking into account the presence of Idle mode UEs. By this means, UE that are in Idle mode could receive the transmissions without being counted. This may be a valid solution for hotspot scenarios e.g. in a football stadium, but it risks using radio resources in cells where there is no requirement or failing to provide a service in cells where Idle mode state UE are present. 

(iv) Evaluate the presence of Idle mode UEs. By introducing a method that allows the presence of Idle mode UE (with a particular MBMS service activated) in a cell to be identified, it will be possible to ensure that MBMS multicast services are transmitted in, and only in, cells where multicast data is required without the need to switch Idle mode UEs  in connected mode. This method will ensure that radio resources are used efficiently in a scenario where Idle and connected mode UEs are present in a cell and will also support MBMS bearer type switching. 

2.1 User Discovery

Figure 1 illustrates a signalling procedure to identify the presence of Idle mode UEs, that have particular MBMS services activated, in order to efficiently provide multicast MBMS services. It enables the CRNC to identify the number of Idle mode UEs that are present in the cell, or at least that the number exceeds a given threshold value. The CRNC can terminate the discovery process via signalling on the downlink control channel. This procedure may require the development of a backoff mechanism to cope with large numbers of UEs accessing the uplink signalling channel (RACH).
The procedure complements the counting of connected mode UEs on cell level, identified in the MBMS context in the CRNC. Based on a combined evaluation of the numbers of UEs which are present in the cell and have activated a particular MBMS service, CRNC can decide whether to set-up an MBMS RB at all or whether it should establish a point-to-point or point-to-multipoint bearer. 

The Idle mode discovery procedure needs only be performed if required by the operator (e.g. counting users might not be required in hotspots) or when the decision to establish a MBMS RB is based on other information at the CRNC (e.g. the number of connected mode UEs in the cell is already above a given threshold). The discovery procedure can be enabled or disabled by signalling. 


[image: image1.wmf] 

UE

 

CRNC

 

1. PCCH 

–

 MBMS Paging (MBMS Service Id) 

 

2. CCCH 

–

 RRC Connection Setup Request (MBMS Service Id, 

UE Id) 

 

 4b NCCH 

–

 MBMS Paging Acknowledgement (MBMS Service Id,

 

UE1 Id, ...UEn Id) 

 

5. NCCH 

–

 MBMS RB Setup  (MBMS Service Id, ptm bearer parameters) 

 

UE in  IDLE

 

 4a. CCCH 

–

 RRC Connection Setup Reject (

MBMS Service Id, UE Id)

 

3. Select bearer based on the 

number of connected and idle 

mode UE in the cell. 

 


Figure 1

1.
By using a paging mechanism the CRNC requests that Idle mode UEs which require a particular MBMS service indicate their presence by uplink signalling. 

2. The existing RRC Connection Setup Request message could be used as a basis for uplink response signalling on the RACH. Each UE randomises it’s signalling attempt timing in order to avoid overloading of the uplink signalling channel. 

3. After a period of time or when sufficient responses have been received CRNC decides whether to establish an MBMS bearer at all or whether it should be point-to-point or point-to-multipoint. For the decision which bearer type should be established it needs only to be determined that at least a minimum number of UE (threshold) had responded.

4. Each UE may repeat uplink signalling until it receives a paging acknowledgement (4b in Figure 1) or the procedure is individually terminated by receiving a RRC Connection Setup Reject message (4a in Figure 1). 

Note: If the CRNC decides to establish a point-to-point link the UE will receive a RRC Connection Setup message and the normal procedure for establishing an RRC connection will continue.

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

2.2 User Mobility

An Idle mode UE may move 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 in the new cell (if one exists). For UEs in Cell_PCH or Cell_FACH state the Cell Update Confirm message could provide this information and for UEs in Cell_DCH state Radio Bearer Reconfiguration could be used, but currently no procedures exist for Idle mode UEs.

A number of methods are possible for an Idle mode UE to obtain neighbour cell information:

· The notification channel could periodically carry MBMS bearer information in the neighbour cells enabling the Idle mode UE to obtain bearer information before cell reselection. 

· The notification channel could periodically transmit MBMS bearer information so that a Idle mode UE could obtain it after cell reselection. 

· The Idle mode UE could indicate its presence after cell reselection and trigger the transmission of MBMS bearer information on the downlink signalling channel (see fig. 2). 
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Figure 2

1.
The RRC Connection Request message could be used by the UE to indicate its presence in the new cell.

2.
If the UE shall stay in Idle mode a RRC Connection Setup Reject message is signalled to the UE via CCCH.

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

Note: If no bearer exists in the new cell UTRAN may decide either to setup a point-to-point link (including the establishment of a RRC connection) or a point-to-multipoint link.

3. Conclusions

In this paper it has been shown that Idle mode can be used in order to transmit multicast data in an efficient manner. Mechanism have been presented which allow UTRAN to discover the presence of Idle mode UEs, and for UE to indicate that a cell change has been performed while receiving multicast data. It  has been explained that this scheme will provide the possibility  for UTRAN to efficiently support all types of MBMS services in all scenarios where IDLE mode and connected mode UEs are present in cells. 
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