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1. Summary 

This contribution describes the transcoding negotiation procedure for mobile initiated and mobile terminated point-to-point calls. It is assumed that the Session Initialization Protocol (SIP) and associated SDP structures will be utilized to negotiate the insertion of network-resident transcoders into the end-to-end media paths. The necessary extensions of the SDP are identified and the associated information flows are presented.
2. Introduction 

A point-to-point call-establishment procedure can be logically divided into four distinct phases. During the first phase, referred to as the Call Initialization phase, the end-to-end call setup is initialized. The second phase, referred to as Media-Path (Bearer) Establishment phase, ensures that the end-to-end media path is established and the associated resources (e.g. QoS, transcoders) are allocated prior to alerting the user or a device of an incoming call. During the third phase of the call setup, the Altering/Session Offering phase, the user or a device is informed of an incoming call. Upon call acceptance, the Call/Session Complete phase is executed. During this phase, the endpoint entities will exchange handshake information indicating that the call has been successfully set. This contribution discusses only the Media-Path (Bearer) Establishment phase of the call setup procedure. The entities that will be involved in the Media-Path (Bearer) Establishment phase will be the endpoints, SIP servers (i.e. S-CSCFs), and all entities (i.e. proxy CSCFs) along the media path that contribute some resources (e.g. QoS, transcoders) to the established media path.
3. Transcoding Negotiation Procedure 

This Section describes the media-path (bearer) establishment procedure associated with a point-to-point call.
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· 
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4. 
 3.1 Media Path Description  

The end-to-end media path may be viewed as a unidirectional information flow that consists of one or more media segments. Each media segment is defined with a pair of UDP/IP endpoints, the associated unidirectional RTP flow, and a coder and decoder pair located on the opposite ends of the media segment. If the two endpoints utilize the same coder-decoder type, then the end-to-end media path will consist of a single media segment. However, if the endpoints use different type of coder and decoder respectively, and a transcoder is inserted into the end-to-end media path, then the end-to-end media path will consist of two media segments. In this case the function of the transcoder is to translate the information coming on the incoming media segment and forward it on the outgoing media segment. By concatenating the two media segments, an end-to-end media path has been created over which two incompatible endpoints may communicate. It should be mentioned that if an entity (e.g. MRF) incorporates several types of transcoders that translate differently-encoded incoming streams (arriving on different media segments) to the same-encoded outgoing stream (forwarded on the same media segment), then several alternative end-to-end media paths have been created  (see Figure 1). Obviously, only one of the alternatives may be used when setting up an end-to-end media path. Each alternative media path will enable a different type of coder at the source-endpoint to communicate with the same type of decoder at the destination-endpoint. 

3.2 "Three-way Handshake" Negotiation Procedure 
The "three-way handshake" negotiation procedure with timers will be used to negotiate the establishment of a unidirectional end-to-end media path. If the protocol that transports the media-path negotiation information (i.e. SDP) is a reliable protocol (e.g. SIP with timers), then the timers (and associated re-transmissions) may be incorporated into the respective protocol. 

Termination at the Calling Endpoint 

When the calling endpoint establishes a unidirectional media path that will terminate at the calling endpoint, the "three-way handshake" procedure will involve the following information flow: 

1. The calling endpoint proposes the establishment of a unidirectional media path that will terminate at the calling endpoint. The calling endpoint specifies the UDP port and the IP address where the media path should terminate, and which decoder it supports. As the proposal is being forwarded toward the called endpoint, each node along the negotiation path that incorporates transcoding capabilities for the indicated decoder will augment the proposal (shown in Figure 1). Each node will add additional encoding capabilities only if they are not already included in the received proposal.  Ultimately, the proposal containing all alternatives arrives at the called endpoint. At the called endpoint, each alternative specifies which coder the called endpoint can use to send medium to the calling endpoint, and the UDP port and IP address where the medium for the respective alternative should be sent. Some nodes along the negotiation-path (not shown in Figure 1) may remove some of the alternatives that were offered. For example, the S-CSCF at the terminating end - based on the called-endpoint profile - may remove some alternatives since they are redundant or are not viable.
2. The called endpoint - based on the coder that it supports - responds by accepting one of the proposed alternatives. The acceptance travels along the same negotiation path as the original proposal. All nodes along the negotiation path learn which alternative was accepted. Each effected node will - if its transcoder was selected - allocate its transcoder, insert it into the end-to-end media path, and concatenate the respective media segments. Any other transcoders that may have been reserved and offered as the alternative media paths will be released.

3. The calling endpoint acknowledges the receipt of the response. The acknowledgment indicates to the called endpoint to stop the re-transmissions of the responses and that it may start to transfer the RTP payloads over the established end-to-end media path. The acknowledgment may be implicitly conveyed to the called endpoint. For example, the SIP PRACK request may implicitly indicated to the called endpoint that the response that was sent in Step 2 (and conveyed in the 183 Session Progress message) has been received.
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Figure 1.

Termination at the Called Endpoint
When the calling endpoint offers the establishment of a unidirectional media path that will terminate at the called endpoint, the handshake procedure will involve the following information flow: 

1. The calling endpoint proposes the establishment of a unidirectional media path that will terminate at the called endpoint. The calling endpoint specifies only which coder it supports (no UDP port or IP address is specified). As the proposal is being forwarded toward the called endpoint, each node along the negotiation path that incorporates transcoding capabilities for the indicated coder will augment the proposals. Each added alternative specifies which encoded stream the transcoder is capable to produce as its output and send it toward the called endpoint (shown in Figure 2). Each node will add additional alternative only if it was not included in the received proposal. Ultimately, the proposal that contains all alternatively encoded streams that may terminate at the called endpoint arrives at the called endpoint. Some nodes along the negotiation-path (not shown in Figure 2) may remove some of the alternatives that were offered. For example, the S-CSCF at the called end - based on the called endpoint profile - may remove some alternatives since they are redundant or are not viable. 

2. The called endpoint - based on the decoder that it supports - responds by accepting one of the proposed alternatives.  In its acceptance, the called endpoint specifies which encoded stream it is willing to accept and its IP address and the UDP port where the selected stream should be sent. Upon sending the acceptance-response, the called endpoint is ready to accept the RTP payloads at the indicated IP address and the UDP port. The acceptance travels along the same negotiation path as the original proposal. All nodes along the negotiation path learn which alternative was accepted. Each node along the negotiation path will forward the acceptance (toward the calling endpoint) and - if its transcoder was selected - it will specify which encoded stream it is willing to accept and its IP address and UDP port where the selected stream should be sent. Each effected node will insert a transcoder into the end-to-end media path and concatenate the respective media segments. Any other transcoders that may have been reserved and offered as the alternative media paths will be released. Upon receiving the acceptance-response, the calling endpoint is ready to start the transfer of the RTP payloads over the established end-to-end media path. 
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Figure 2. 

3.1 Bi-directional Media-Path Establishment Procedure
The establishment of a bi-directional end-to-end media path may be viewed as a setup of two autonomous unidirectional media paths flowing in the opposite direction. In this case the two negotiation procedures (described above) may overlap. The calling endpoint will initiate the establishment of a unidirectional media path that will terminate at the calling endpoint and the establishment of a unidirectional media path that will terminate at the called endpoint. In this case the procedure will involve the following information flow: 

1. The calling endpoint proposes the establishment of a unidirectional media path that will terminate at the calling endpoint and the establishment of a unidirectional media path that will terminate at the called endpoint. As the proposal is being forwarded toward the called endpoint, each node along the negotiation path that incorporates transcoding capabilities will augment the proposal.

2. The proposal that contains all alternatives arrives at the called endpoint. The called endpoint responds by accepting one of the proposed alternatives that will terminate at the calling endpoint and one alternative that will terminate at the called endpoint. For the alternative that will terminate at the called endpoint, the called endpoint specifies the UDP port and IP address where the respective medium flow should be sent. 
3. The calling endpoint acknowledges the receipt of the response by sending the acknowledgment to the called endpoint. At this stage the bi-directional media path has been established.  
3.3 Information Flow

The information flow pertaining to the transcoding negotiation procedure for mobile initiated and mobile terminated point-to-point multimedia calls involves the following steps (see Figure 3):

1. Originating UE 
· For each medium, the calling endpoint initiates the establishment of a unidirectional media path that will terminate at the calling endpoint and the establishment of a unidirectional media path that will terminate at the called endpoint by sending to the called endpoint a SDP_proposal information. This information may be conveyed to the called endpoint in the initial INVITE request message. The SDP_proposal may consist of a sequence of m-descriptors describing media paths that the calling endpoint proposes to send and receive.
· For each media-path that will terminate at the calling endpoint, the calling endpoint includes the UDP port and IP address at which it is willing to receive the medium, and which decoder it supports. 
· For each media-path that will terminate at the called endpoint the calling endpoint may indicate its capability to the called endpoint by specifying which coder it supports. 
· The calling endpoint may propose multiple media paths, and multiple alternatives for each media path (e.g. two different coders that the calling endpoint supports for the audio path). Alternative proposals for the same media-path shall be uniquely identified. 
· The alternative proposals should be listed in the SDP_proposal in order of preference. For example, the most preferred alternatives listed first in the SDP_proposal. 
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Figure 3.

2. Originating Proxy-CSCF
· Upon receiving the SDP_proposal the originating Proxy-CSCF will examine the SDP_proposal for the purpose of detecting which coders and decoders are supported by the calling endpoint. 

· The originating Proxy-CSCF - based on the transcoders that it supports - may augment the alternatives that were originally proposed by the calling endpoint (as described above). For example, the originating Proxy- CSCF may create an additional alternative path by injecting its transcoder into the media path, thus providing an option that was not contained in the received SDP_proposal (see Figure 1 and 2). The additional alternatives that the originating Proxy-CSCF appends to the original SDP_proposal should preserve the order of preference.

· The originating Proxy-CSCF will save the information pertaining to the proposal and it may reserve the indicated transcoders while the media-path establishment procedure is in progress. However, these transcoders are not allocated at this stage.

3. Terminating Proxy-CSCF
· Upon receiving the SDP_proposal the terminating Proxy-CSCF will examine the SDP_proposal for the purpose of detecting which coders and decoders are supported by the calling endpoint and the Proxy-CSCF. 

· The terminating Proxy-CSCF - based on the transcoders that it supports - may further augment the alternatives (as described above) that were proposed by the calling endpoint and the originating Proxy-CSCF. For example, the terminating Proxy-CSCF may create an additional alternative path by injecting its transcoder into the media path, thus providing an option that was not contained in the received SDP_proposal (see Figure 1 and 2). The additional alternative that the terminating Proxy-CSCF appends to the original SDP_proposal will preserve the order of preference.
· The terminating Proxy-CSCF will save the information pertaining to the proposal and it may reserve the indicated transcoders while the media-path establishment procedure is in progress. However, these transcoders are not allocated at this stage.

4. Terminating UE
· The SDP_proposal that contains all alternatives that will terminate at the calling endpoint and all alternatives that will terminate at the called endpoint arrives at the called endpoint. For each set of alternatives the called endpoint responds by accepting only one media path amongst the alternative set. 

· For the alternative that will terminate at the called endpoint, the called endpoint specifies the UDP port and IP address where the respective medium flow should be sent. 

· The accepted media paths and associated information (i.e. coders, decoders, UDP ports and IP addresses) are conveyed to the calling endpoint in the SDP_response. The SDP_response information may be conveyed to the called endpoint in the 183 Session Progress message.
· For each accepted media path, the respective coder or a decoder should be allocated.

5. Terminating Proxy-CSCF
· For each accepted media path that terminates at either endpoint, the terminating Proxy-CSCF will - if its transcoder was selected - allocate the transcoder associated with the respective media path. Any other transcoders that may have been reserved and offered as the alternative media paths will be released.
· For each accepted media path that terminates at the called endpoint the terminating Proxy-CSCF will - if its transcoder was selected - insert its transcoder into the media path. In addition, it will indicate in the SDP_response, which encoded stream was accepted and its IP address and UDP port where the accepted stream should be sent. 

· For each accepted media path that terminates at the calling endpoint the terminating Proxy-CSCF will - if its transcoder was selected - insert its transcoder into the media path and concatenate the respective media segments.

6. Originating Proxy-CSCF
· For each accepted media path that terminates at either endpoint, the originating Proxy-CSCF will - if its transcoder was selected - allocate the transcoder associated with the respective media path. Any other transcoders that may have been reserved and offered as the alternative media paths will be released.
· For each accepted media path that terminates at the called endpoint the originating Proxy-CSCF will - if its transcoder was selected - insert its transcoder into the media path. In addition, it will indicate in the SDP_response, which encoded stream was accepted and its IP address and UDP port where the accepted stream should be sent.

· For each accepted media path that terminates at the calling endpoint the terminating Proxy-CSCF will - if its transcoder was selected - insert its transcoder into the media path and forward the media stream to the calling endpoint.

7. Originating UE
· The SDP_response that specify all accepted media paths and associated information (i.e. coders, decoders, UDP ports and IP addresses) arrives at the called endpoint. For each accepted media path, either the coder or decoder should be allocated. At this stage the bi-directional media paths have been established.
· The calling endpoint acknowledges the receipt of the SDP_response to the called endpoint by returning the SDP_ack information. The acknowledgment indicates to the called endpoint to stop the re-transmissions of the responses and that it may start to transfer the RTP payloads over the established end-to-end media path. Since, at this stage the bi-directional media paths have already been established, the SDP_ack has only end-to-end significance. The PRACK message sent to the called endpoint may be used to convey the SDP_ack information. 
8. Terminating UE
· The terminating UE may inform the application that the end-to-end media paths with committed resources have been established. Any timers that may have been employed for the purpose of re-transmitting the SDP_response will be disabled. At that point, the bearer information can be accepted and delivered to the user. 

5. Conclusion 

This contribution describes the transcoding negotiation procedure for mobile initiated and mobile terminated point-to-point calls and provides the associated information flow. The contribution proposes that:

· the SIP requests and responses and associated SDP format be exclusively used to negotiate inclusion of network-based transcoders into the end-to-end media-paths,
· all entities (endpoints and proxies) that contribute some resources to the media paths should be on the media-path negotiation route,
· either endpoint may propose multiple media paths and multiple alternatives for each media path,
· the alternative media path should be uniquely identified and listed in order of preference,
· the proxies along the media-path negotiation route may add alternatives for each media path,
· the endpoints select only one media path from amongst each proposed alternative set, and
· the resources pertaining to the accepted media path should be allocated as the described SDP information flow reveals which media path has been accepted.
It is proposed that the Section 3 of this contribution be discussed and adopted for inclusion into the new section of the document 3G TS 23.228 that describes the transcoding negotiation procedure. 
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