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1
Introduction

The data structure used for ZTE backward style approach is very similar with ALU’s forward style approach, and these two approaches can be co-operated. If there’s no transcoding situation, forward style approach is better, otherwise, backward style approach is better. Also, we propose to not specify the SDP extension in stage 2, we think this should be done in stage 1.
2
Proposed changes to 23.894
**** First Change ****
7.2
Extension to SDP for TrGW bypass

7.2.1
Introduction

The IP Multimedia Subsystem has the option to deploy TrGWs between the IP realms defined by each network. Within an IP realm every endpoint is reachable from any other endpoint using a common address space. Each of these TrGWs typically provides a firewall or Network Address Port Translator (NAPT) to limit access to endpoints within a realm. An Interconnection Border Control Function (IMS-ALG) controls each TrGW to allocate new IP addresses and ports as necessary for each SDP media line and updates the SDP connection and port information in each forwarded SDP offer and answer to effectively insert the TrGW into each end-to-end multimedia stream.

The media path associated with a multimedia stream may traverse an arbitrary number of IP realms between endpoints.  If the TrGWs in the media path only have connections to its directly connected IP realms on the media path then the media path cannot be optimized using the allocated TrGW resources. However, if either of the endpoints,  or any TrGW on the path, also has direct access to one of the other IP realms on the path then a shorter media path exists. 

A sequence of IMS-ALGs implementing the proposed procedures (where each IMS-ALG can determine the IP address and port information for entities on the media path in its interconnected IP realms) will be able to establish a media path with the minimum number of TrGWs without compromising any of the access controls associated with the TrGWs on the path. 

If one or more IMS-ALGs on the signaling path do not implement these proposed procedures then some TrGW bypass can still occur but some potentially bypassable TrGWs may remain in the media path. 

This solution works by adding information to existing SDP offer/answer messages. It is thus an extension to SDP and builds on IMS-ALG/TrGW NAT traversal.
There are two styles of the proposed procedures:
Forward style: identify when one or more TrGWs and/or RGs can be bypassed during SDP offer forwarding phase.

Backward style: identify when one or more TrGWs and/or RGs can be bypassed during SDP answer forwarding phase.
An "active-bypass" option is also described. This provides the ability to attempt to find a shorter media path segment between existing TrGWs associated with the path. This option requires additional SIP signaling to establish a SIP dialog for each alternate media path segment candidate, Due to this additional signaling overhead, this option should only be used when it can be determined that dramatic improvement is possible for a media path segment.The solution requires two SDP extension attributes and some extensions to IMS-ALG procedures for forwarding SDP offers and answers. IMS-ALGs on the path manipulate the SDP as necessary within a single end-to-end SDP offer/answer transaction to minimize the number of TrGWs on the end-to-end media path. The SDP extension attributes describe media connection and port information for each IP realm on the path that is a candidate to bypass one or more TrGWs on the path.

The base algorithm, while requiring the use of IMS-ALGs, has the following advantages:

· avoids the need to deploy STUN servers

· requires no additional signaling beyond what is needed for a single end-to-end SDP offer/answer transaction 

· requires no new procedures to be supported by endpoints

· allows TrGWs to limit access to known IP source addresses

· allows TrGWs  to predictably manage aggregate bandwidth usage for all sessions.

While also sharing these advantages in general, the active-bypass option does generate additional signalling.

7.2.2
Reference Architecture

The following figures show existing 3GPP architecture figures. In the description of this solution the term IMS-ALG has been used, rather than refering to IBCFs or P-CSCFs. The first figure is taken from Annex I of 3GPP TS 23.228 [8], and shows the IMS Border Control Functions.
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Figure 7.2.2.1-1: Border Control Functions

In addition, 3GPP TS 23.228 [8] Annex G contains NAT traversal reference models as shown below:
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Figure 7.2.2.1-2: Reference model for IMS access when both the signalling and media traverses NAT
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Figure 7.2.2.1-3: Reference model for IMS access when NAT is needed between the IP-CAN and the IMS domain

7.2.3
Description of base algorithm

7.2.3.1
Overview

Figure 7.2.3.1-1 shows a typical call configuration between endpoints UE1 and UE2, where the SIP signaling goes between the UEs via at least one IMS-ALG (four are shown) and other SIP servers not shown, and one RTP multimedia stream goes between the UEs via the TrGWs and possibly an RG associated with each UE (only one RG is shown associated with UE2).  Each TrGW is controlled by its corresponding IMS-ALG. R1, R2, etc., in the figure represent the IP realms associated with each segment of the media path. 

The media path for each multimedia stream between the UEs is established via an end-to-end SDP offer/answer exchange where each IMS-ALG may choose to modify the connection and port information associated with each media line in the SDP to insert its TrGW in the  media path according to normal IMS-ALG procedures. Each IMS-ALG may also identify when one or more TrGWs and/or RGs can be bypassed during the SDP offer forwarding phase, or during the SDP answer forwarding phase, and to modify the forwarded SDP messages to implement the corresponding changes in the media path to bypass the TrGWs. 
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Figure 7.2.3.1-1: Example Call Configuration

Figure 7.2.3.1-2 shows another example call configuration where secondary TrGWs are used to establish a media path with fewer TrGWs. IMS-ALG1 through IMS-ALG5 initially allocate TrGW1a, TrGW2, TrGW4, TrGW4 and TrGW5a as IMS-ALGs forward the initial SDP offer towards UA2 from UA1. These TrGWs enable traversal of unique IP realms R1 through R6 (not labeled in the figure). Since these TrGWs do not create any loop in the media path, it is not possible to bypass any of them if the algorithm is limited to finding loops in a fixed media path. 
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Figure 7.2.3.2-2: Example Configuration using Secondary TrGWs 

While forwarding the initial SDP, if an IMS-ALG along the way, such as IMS-ALG1, controls TrGW(s) that have access to IP realm(s) other than those IP realms that it controls on the default media path (i.e. not R1 or R2), then the IMS-ALG can advertise its ability to access additional IP realm(s) by including information about them in the forwarded SDP. 

If an IMS-ALG (e.g., IMS-ALG5), during the SDP offer forwarding phase, or during the SDP answer forwarding phase, determines that it controls a TrGW (e.g. TrGW5b) that has a direct connection to an IP realm accessible from a TrGW controlled by another IMS-ALG in the path (e.g., IMS-ALG1 and TrGW1b), then the IMS-ALG may choose to use this alternative media path if it appears to be an improvement over the initial path. In this example, the algorithm establishes an alternative media path from UA1 to UA2 via TrGW1b and TrGW5b while significantly reducing the number of TrGWs traversed. Note that the IP realm between TrGW1b and TrGW5b in the example (R7) will not match any of the IP realms R1 through R6. If the connections exist, the algorithm may also generate alternative paths either via TrGW1a and TrGW5b, via TrGW1b and TrGW5a, or via TrGW1a and TrGW5a, for example (not shown).

The TrGW bypass base algorithm and active-bypass option (described in the next section) assume ICE is not used by any entity in the architecture. Although hybrid procedures are possible, they are beyond the scope of this document. 

It is assumed that the UAs participate in standard SDP offer/answer negotiation by presenting standard connection and port information for each media line according to RFC 4566 [x], RFC 3264 [x] and possibly other extensions. 

The TrGW bypass base algorithm and the active-bypass option are emented only implemented by the IMS-ALGs.  The procedures have no impact on any aspect of SDP offer/answer negotiation other than the connection and port information associated with each media line. 

The extension to SDP provides IP realms information on the visited signaling path. The IP realm information contains realm identifier, connection/port data, number of codec, and optional cryptographic signature computed using an Ialgorithmprivate to each IP realm so as to ensure the integrity of the data.

More IP realms information associated with the signaling path can also be provided by the extension to SDP in order to build a secondary path.
If there is no potential transcoding situation in the visited signaling path, both forward style and backward style procedures can be applied, otherwise, backward style procedures are recommended.
Note that the connection and port information in each SDP offer/answer transaction within a SIP dialog must be handled the same way, as described later, re-allocating and de-allocating TrGWs as necessary with each SDP offer/answer transaction to accommodate any potential changes in the IP realms associated with the session endpoints. 

7.2.3.2
Procedures and call flows

7.2.3.2.1
Example flow for base algorithm

Figure 7.2.3.2.1-1 shows a callflow that corresponds to the configuration in 7.2.3.2-2.
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 Figure 7.2.3.2.1-1: Example Flow with base algorithm

Steps 1a to 1f describe the progression of SDP offers via the IMS-ALGs from UA1 to UA2 and steps 2a to 2f describe the corresponding progression of SDP answers according to the base algorithm.
7.2.4
Description of active bypass option

7.2.4.1
Overview of Operation of the Active-Bypass Option   

The Active-Bypass option can be used in addition to the proposal described above. To discover alternative paths not discovered by the main proposal.

Figure 7.2.4.1-1 shows an example of the use of the base algorithm with the active-bypass option. If the initial TrGW allocations traversing IP realms R1 through R6 do not offer an opportunity to bypass any TrGWs (as in figure 2), and if no connections exist to offer any of the alternative options available in the base algorithm, then the active-bypass option can discover additional alternative(s). Note that in this case TrGW1b and TrGW5b do not share a common IP realm (in fact, all of the IP realms are different in this example), so the active-bypass option creates a new signaling path via IMS-ALG6 to establish a new media path segment via TrGW6. 


[image: image7.emf]UE1 UE2

TrGW1

A

IMS-ALG1

TrGW5a

IMS-ALG5

TrGW4

IMS-ALG4

TrGW3

IMS-ALG3

TrGW2

IMS-ALG2

TrGW1

B

TrGW5b

IMS-ALG6

TrGW6


Figure 7.2.4.1-1: Example Configuration with Active-Bypass Option 

When implementing the active-bypass option, the following additional information may be included in the IP realm information generated by the base algorithm for an SDP offer, if available: the approximate geo-location of the corresponding TrGW; the approximate delay of IP packets on the previous media path segment between this TrGW and the immediately preceding TrGW or endpoint; the approximate packet loss rate on the same media path segment; and if the IMS-ALG is reachable via a globally unique host name, then a globally reachable address of the IMS-ALG with a unique instance id for the corresponding SIP dialog and media line, in the form of a temporary GRUU [8]. 

Each IMS-ALG should include the geo-location, delay and loss information in the first IP realm information generated for an SDP offer, and may include them for other IP realm inforamtion if the information differs significantly from the first. Each IMS-ALG may include the GRUU in the first IP realm information generated for a media line in an SDP offer.  There is no need to repeat the GRUU in subsequent IP realm information for the same media line. 

When processing the SDP answer in the second phase of the base algorithm, after determining which TrGWs (if any) are to be bypassed as a result of the base algorithm, each IMS-ALG that still controls a TrGW determines if there is the possibility that a significantly shorter media path segment can be established via another IMS-ALG reachable via a GRUU. Each IMS-ALG makes this determination based on the available geo-location, delay and packet loss information associated with each TrGW and media path segment. 

If an IMS-ALG determines that it may be able to establish a shorter media path segment, the IMS-ALG (e.g., IMS-ALG5) sends a SIP INVITE request to the "best" IMS-ALG reachable via a GRUU (e.g., IMS-ALG1) to establish a separate dialog and corresponding alternate media path segment (e.g., via IMS-ALG6 and TrGW6).  If the IMS-ALG is successful in establishing the alternate media path segment and it appears to be significantly better than the corresponding one determined by the base algorithm, then the IMS-ALGs instruct the TrGWs to insert the shorter path segment into the overall media path.

Editor’s Note: Currently, ALG’s and other intermediates do not necessarily support empty INVITE. It is for further study whether support needs to be provided  (Such empty INVITE only occur in intermediate ALGS, ie when a direct connection between ALG’s does not exist.), or SDP offer would be needed  (in case not all intermediates can be assumed in the control of 3GPP standardization, such as IPX proxies).
7.2.4.2
Example flow for Active Bypass Option

Figure 7.2.4.2-1 shows a call flow that corresponds to the configuration in 7.2.4.1-1.
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Figure 7.2.4.2-1: Example Flow with Active-Bypass Option 

Steps 1a to 1f describe the progression of SDP offers via the IMS-ALGs from UA1 to UA2 and steps 2a to 2f describe the corresponding progression of SDP answers according to the base algorithm. After step 2a, IMS-ALG5 determines that it may be able to establish a shorter media path segment via IMS-ALG1 and sends an empty SIP INVITE request to IMS-ALG1 via IMS-ALG6 in steps 3a and 3b.  Steps 4a, 4b, 5a and 5b describe a new SDP offer/answer transaction between IMS-ALG1 and IMS-ALG5 via IMS-ALG6 which attempts to establish an alternate media path segment. If an alternate media path segment is successfully established and is a significant improvement, IMS-ALG5 signals the selection of the alternate media path segment to IMS-ALG1 in steps 2b through 2e. IMS-ALG1 incorporates the alternate media path segment into the media path for the primary dialog before forwarding the final SDP answer to UA1 in step 2f.
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