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1. Introduction

Current IMS services can only distribute multimedia to multiple IMS endpoints via point-to-point connection. It's beneficial to introduce the multicast capability of MBMS to IMS services. Then: 

· Downlink resource for the same content can be shared

· Network and/or radio resource usage is optimised

In this paper, possible methods are discussed to introduce the resource-sharing concept into one-to-many IMS services transmission in the downlink.
2. Discussions

2.1. Logical architecture design

Reusing the current MBMS mechanism as much as possible is the main consideration. The proposed logical architecture is shown in Figure 1. We propose to let Application Server (AS) of a certain one-to-many IMS service or MRF controlled by the AS be the multicast resource for MBMS. 

Reference point Gx for signalling and Gy for media is introduced. In this logical architecture, AS is the IMS signalling control centre and AS (for application e.g. PoC) or MRF (for application e.g. conferences) is the DL service data source.
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Figure 1: Proposed logical architecture

In Figure 1 dedicated bearer and MBMS bearer for IMS downlink service data are both illustrated to show the effect. And only the case that AS acts as the multicast source is shown for example.

With the proposed logical architecture transmission of IMS DL service data via IMS nodes (SCSCF and PCSCF) is not necessary, which will reduce the time cost.

In the following we will discuss the detailed impacts on current network. Those who accept an IMS session are called as IMS participants. Those who can use MBMS Bearer Service to receive IMS services are called as MBMS capable IMS participants. The MBMS capable IMS participant list is a subset of the IMS participant list.
2.2. Procedure design

2.2.1. General considerations

· Signalling plane setup
· An IP multicast address is needed to identify the possible MBMS Bearer Service used to carry the DL data for an IMS service.

· Each IMS terminal can be informed of the coming of an IMS service during the IMS session setup phase. So there is no need of the MBMS Notification phase used for current MBMS User Service provision.

· AS shall maintain a MBMS capable IMS participant list for each one-to-many IMS service. This information is useful for the AS to decide which method to deliver the downlink IMS service data, MBMS bearer or dedicated bearer. Each time AS knows the result of the MBMS Multicast Service Activation procedure for a UE (called as MBMS participant information in following), it will update the list.

· Media plane setup

· When establish the MBMS bearer, since each terminal has signalling connection to the network so there is no need of counting. 

· When AS decides to distribute media data in DL it checks the MBMS capable IMS participant list to decide whether or not to send IMS service data to BM-SC. If there are MBMS capable IMS participants, AS or MRF controlled by AS deliver IMS service data to BM-SC to provide MBMS content. For other IMS participants who cannot use MBMS Bearer Service, current dedicated connection is used for IMS service data transmission.
2.2.2. Some key problems

Some key problems shall be considered before we find the whole solution.
· Problem 1: How to perform MBMS Multicast Service Activation procedure?

Current MBMS Multicast Service Activation procedure is initiated by UE. However when MBMS Bearer Service is used to carry real-time IMS services, it’s impossible for terminating UEs to join a MBMS Bearer Service before the IMS session starts. Modification to current MBMS specification or IMS specification is inevitable.

[Option 1 - Modification to MBMS]

Modify the current MBMS Multicast Service Activation procedure to allow the BM-SC has the ability to initiate this procedure e.g. from the step 3 of current one. Since the network only needs to initiate the procedure for those UEs who accept an IMS session, when a UE answers the IMS session indicating an acceptation, AS will instruct BM-SC to initiate the procedure toward this UE.
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Figure 2: Option 1 to problem 1

· Pros

Since the network only need to initiate the procedure for those UEs accept an IMS service. IP multicast address is provided to BM-SC when needed.

· Cons

Extra signalling between BM-SC and AS is needed to deliver MBMS participant information.

[Option 2 - Modification to IMS]

Let the IMS acting as MBMS announcement. When AS knows one or more UEs are invited to an IMS session, it sends IP multicast address and UE information to BM-SC for possible following MBMS authorization. AS then sends INVITE message to related UEs with IP multicast address. Those UE who accept an IMS session and has MBMS capability will initiate the MBMS Multicast Service Activation procedure before it responses to INVITE. 
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Figure 3: Option 2 to problem 1
· Pros

UE can return the MBMS participant information to AS included in response to INVITE.

· Cons

Bring some delay for a MBMS capable terminating UE to response to the originating UE. This may unacceptable to the caller.

· Problem 2: How AS knows the MBMS capable IMS participant information?

[Associated to option 1]

BM-SC returns the MBMS participant information to AS.

[Associated to option 2]

UE responses to INVITE message together with the IMS participant information. Possible responses to INVITE are “accept the IMS call with MBMS capability”, “accept the IMS call but cannot use MBMS” or “refuse the IMS call”.

· Problem 3: When to set up the MBMS bearer for DL IMS service data transmission?

It’s AS who knows whether all the terminating terminals’ response to an IMS session (accept or not), after that can MBMS bearer be set up.

[Associated to option 1]

When AS receives all the MBMS capable IMS participant information from BM-SC.
[Associated to option 2]

When AS receives all the answers from all the UEs, it instructs BM-SC to set up MBMS Bearer.

2.3. Function enhancements

In summary, with above analysis, function enhancements of each network element or functionality inside IMS structure are:

· Endpoint

Those endpoints may use multicast capability to receive IMS services shall support both IMS and MBMS. 
Especial for option 2, a UE shall include MBMS participant information when response to INVITE: accept the IMS call with MBMS capability or accept the IMS call but cannot use MBMS.
· BM-SC

In the control plane, especial for option 1 BM-SC is used to initiate the MBMS Multicast Service Activation procedure towards a certain UE. Result of the procedure, i.e. successful or not, will be delivered to AS. BM-SC is also responsible for setup the MBMS bearer.

In the user plane, BM-SC is the start point of MBMS Bearer Service.
· AS and MRF

AS create IP multicast address for the MBMS Bearer Service and deliver it to BM-SC. Especial for option 2, AS will include the IP multicast address in INVTE message and deliver it to UEs.

AS creates and maintains the MBMS capable IMS participant list, which will be updated each time AS receives MBMS participant information.

In the media plane, AS or MRF controlled by AS acts as the IMS source for DL. All the data from any IMS endpoints acting as the originating endpoint during the IMS session will be delivered to the AS or MRF controlled by AS before it is distributed to the terminating endpoints. AS or MRF controlled by AS also connect to BM-SC to act as multicast source.
2.4. Multicast in IMS core when MBMS bearer cannot be used

When there are IMS terminals that are not equipped with MBMS capability. We propose to introduce the multicast capability into IMS specifications to reduce resource cost inside IMS core.

IMS core is based on SIP/SDP, header information of the point-to-point SIP signalling (nodes traversed) can be used to set up a pre-existing route set for SDP delivery. Then media is multicast along the route set. We call this idea as multicast in IMS core in the following.

For the same scenario illustrated in Figure 1, the effect of multicast in IMS core for DL service data is shown in Figure 4.
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Figure 4: Multicast in IMS core
To achieve the above objective, AS shall be able to:

· Collect routing information (nodes to be traversed) from the response SIP messages of the terminating endpoints. 
· Distribute the DL SDP to related terminating endpoints via multicast connection inside IMS core.
3. Conclusions and Proposal
In this paper we discuss methods to enable the IMS services to use the multicast capability of MBMS. Evolution of logical architecture and functions and procedure is analyzed. We also introduce multicast in IMS core. 

It is proposed that SA2 discuss the above-mentioned problems and find a way forward...
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