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1. Background

1.1
General

OMR is a function that was implemented in TS 29.079 during release 10. The objective was to optimize the media path between users e.g. if a calling user and the called user resides in the same area it would be more resource optimal if the media could go as directly as possible between the users instead of following the signalling path. This is especially important if the users are roaming and the users' home networks are in different countries.

OMR was developed to be a generic feature that allowed SDP offer / SDP answer exchange to create an optimal media path. The mechanism also allowed any B2BUA/IMS-ALG to go back to the normal way (i.e. signalling and media path to go the same path).

During the development of TS 29.079 it was checked many times that the optimal media path was independent on direction i.e. exactly the same optimal media path shall be created regardless if an SDP offer was sent from the calling user side or the called user side.

1.2 RAVEL
OMR is an important function in roaming architecture for voice over IMS with local breakout (RAVEL).

One of the main reasons for developing OMR was to ensure that the charging model used in CS could be used also in IMS and this is especially important in RAVEL. In RAVEL two types of models are defined: 1) Home routeing and 2) Loopback routeing.
Figure 1.2-1 below shows the signalling path and the media path when loopback routeing is used.
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Figure 1.2-1: Signalling path and the media path when loopback routeing is used.

When a call using loopback routeing is established OMR is used to bypass nodes on the originating side.

In the figure above:

-
the signalling path (red dotted lines) is as follows: calling user - originating visited network – originating home network – originating visited network – terminating home network – terminating visited network - called user.

-
the media path (green line) is as follows: calling user - originating visited network  – terminating home network – terminating visited network - called user.

1.3
General OMR mechanism
The figures below show how the general OMR concept can work in a simplified example.
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Figure 1.3-1: OMR concept in a simplified example.
The Home A and Home B communicates within the same realm (Net 2).

User A and user B are roaming in to the same visited network communicating within Net 1.

Figure 1.3-2 shows how an optimal media path is created between the UE-A and UE-B.
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NOTE:
The red and blue arrows associated with the SDP offer/SDP answer (i.e. 1a is associated with 1, 2a and 2b is associated with 2 and so on) indicates the content in SDP (i.e. red is c-line/m-line and, if in between OMR aware nodes, one of the OMR "visited-realm" attribute , blue is the content of the OMR "visited-realm" attribute" and the red dotted line indicates that c-line contains an invalid IP address and the "visited-realm" contains the correct IP address.
EXAMPLE 1:
The SDP offer in 3 contains (3a) an IP address/port valid in the Net 2 realm in the c-line/m-line and in the "visited-realm" OMR attribute pointing to IBCF-1 and (3b) IP address/port in the "visited-realm pointing to the UE-A valid in real Net 1.

EXAMPLE 2:
SDP answer in 12 contains (12a) an invalid IP address (e.g.0.0.0.0) in the c-line and the IP address valid in Net1 in a "visited-realm" OMR attribute.
Figure 1.3-2: Creating an optimal media path between two roaming users.
The steps of the flow are as follow:
1.
The UE-A sends a SIP request (e.g. an initial request) containing an SDP offer.
The SDP in the SDP offer contains:

1a.
the IP address/port in the c-line, m-line, etc. of the UE-A (Net 1).

2.
IBCF-1 receives the SDP offer. Since the outgoing side realm (Net 2) is not the same as the incoming realm (Net 1) the SDP in the outgoing SDP offer contains:

2a.
the IP address/port of the IBCF-1 (Net 2) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute; and
2b.
the IP address/port of the UE-A (Net 1) in an OMR "visited-realm" attribute.

3.
IBCF-2 receives the SDP offer. Since the outgoing side realm (Net 2) is the same as the incoming realm, the IBCF‑2 does not anchor media and the SDP in the outgoing SDP offer is forwarded unchanged.

4.
IBCF-3 receives the SDP offer. Since the outgoing side realm (Net 2) is the same as the incoming realm, the IBCF 3 does not anchor media and the SDP in the outgoing SDP offer is forwarded unchanged.

5.
IBCF-4 receives the SDP offer. Since the outgoing side realm (Net 2) is the same as the incoming realm, the IBCF 4 does not anchor media and the SDP in the outgoing SDP offer is forwarded unchanged.

6.
IBCF-5 receives the SDP offer. Since the outgoing side realm (Net 2) is the same as the incoming realm, the IBCF 5 does not anchor media and the SDP in the outgoing SDP offer is forwarded unchanged.

7.
IBCF-6 receives the SDP offer. Since the outgoing side realm (Net 1) is different than the incoming realm (Net2) the IBCF-1 checks if any of the included "visited-realm" OMR attributes contain the outgoing side realm. A match is found in the "visited-realm" added by IBCF-1 pointing to UE-A. The IBCF-6 uses the content in that "visited-realm" OMR attribute to create the outgoing side SDP offer. The SDP in the outgoing SDP offer will look like this.

7a.
the IP address/port of the UE-A (Net 1) in the c-line, m-line.

NOTE:
Since the UE-B is OMR unaware the IBCF-6 removes all OMR attributes from the SDP.

8.
The UE-B returns an SDP answer. The SDP answer contains:

8b.
an IP address/port of the UE-B (Net 1).

9.
The IBCF-4 receives the SDP answer. Since, IBCF-6 bypassed the whole Net 2, the IBCF-6 includes in the SDP answer:

9a. an invalid IP address/port. The IP address/port (Net 1) received from UE-B is included in an OMR "visited-realm" attribute.

10-13.
Since IBCF-5, IBCF-4, IBCF-3 and IBCF-2 are bypassed; the SDP answer is forwarded unchanged.

14.
The IBCF-1 receives the SDP answer. When the IBCF-1 detects that the realm on the outgoing side is the same as the realm in the "visited-realm" OMR attribute, the IBCF-1 replaces the IP address/port in the c-line/m-line with the content of the "visited-realm" OMR attribute. The SDP in the outgoing SDP answer will contain:

14a. the IP address/port of the UE-B (Net 1) in the c-line/m-line.

NOTE:
Since the UE-A is OMR unaware the IBCF-1 removes all OMR attributes from the SDP.

When using the OMR procedures in 3GPP TS 29.079, the result of the above SDP offer/answer exchange is that IBCF-1, IBCF-2, IBCF-3, IBCF-4, IBCF-5 and IBCF-6 are bypassed. Media is sent directly between UE-A and UE-B.

In the figure 1.3-2 above a UE-A sends the SDP offer. If the UE-B sends the SDP offer the result will be the same.
2. Problem

2.1
Issues identified in the generic OMR procedure

2.1.1
General
This subclause shows the result of an SDP offer/answer exchange when a roaming user A is making a call to another roaming user B and OMR according to TS 29.079 is used to find an optimal media path.
Preconditions:

-
User A at UE-A is a subscriber of operator X.
-
User A at UE-A is roaming into operator Y's network.

-
User B at UE-B is a subscriber of operator Y.

-
User B at UE-B is roaming into operator X's network.

-
The operator X's visited and home network is connected to the same realm (Net 2).

-
The operator Y's visited and home network is connected to the same realm (Net 1).

-
All networks are connected to an IP network in realm Net X.

The operator X and Y networks and the realms (Net 1, Net 2 and Net X) are shown in the figure 2.1.1-1.
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Figure 2.1.1-1: Operator and realm distribution.
The following subclause will show how an optimal media path created by the OMR procedures in the present TS 29.079 will be different when the SDP offer is sent by the UE-A than when sent by the UE-B.

2.1.2
SDP offer from UE-A

Figure 2.1.2-1 shows the message flow when a SDP offer is sent from UE-A.
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NOTE:
The red and blue arrows associated with the SDP offer/SDP answer (i.e. 1a is associated with 1, 2a and 2b is associated with 2 and so on) indicates the content in SDP (i.e. red is c-line/m-line and, if in between OMR aware nodes, one of the OMR "visited-realm" attribute , blue is the content of the OMR "visited-realm" attribute" and the red dotted line indicates that c-line contains an invalid IP address and the "visited-realm" contains the correct IP address, see below figure 2.1.1-1 for examples.

Figure 2.1.2-1: SDP offer sent by UE-A.

The steps of the flow are:

1.
The UE-A sends a SIP request (e.g. an initial INVITE request) containing an SDP offer.
The SDP in the SDP offer contains:

1a.
the IP address/port in the c-line, m-line, etc. of the UE-A (Net 1).

2.
IBCF-1 receives the SDP offer. Since the outgoing side realm (Net X) is not the same as the incoming realm (Net 1) the SDP in the outgoing SDP offer contains:

2a.
the IP address/port of the IBCF-1 (Net X) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute; and
2b.
the IP address/port of the UE-A (Net 1) in an OMR "visited-realm" attribute.
3.
IBCF-2 receives the SDP offer. Since the outgoing side realm (Net 2) is different from the incoming side realm (Net X) and since none of the realms in the "visited-realm" attribute (Net 1, Net X) matches the outgoing side realm (Net 2) the SDP in the outgoing SDP offer contain:

3a.
the IP address/port of the IBCF-2 (Net 2) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute;
3b.
the IP address/port of the IBCF-1 (Net X) in the OMR "visited-realm" attribute; and
3c.
the IP address/port of the UE-A (Net 1) in the OMR "visited-realm" attribute.

4.
IBCF-3 receives the SDP offer. Since the outgoing realm matches the realm of the outgoing IBCF-1 (Net X) in the OMR "visited-realm" attribute the SDP in the outgoing SDP offer contains:

4a.
IP address/port of the IBCF-1 (Net X) in the c-line, m-line, etc. but also in the OMR "visited-realm" attribute; and

4b.
the IP address/port of the UE-A (Net 1) in the OMR "visited-realm" attribute.

5.
IBCF-4 receives the SDP offer. Since the outgoing realm matches the realm of the UE-A (Net 1) in the OMR "visited-realm" the SDP in the outgoing SDP offer contain:

5a.
the IP address/port in SDP of the UE-A (Net 1) in the c-line, m-line, etc. but also in the OMR "visited-realm" attribute.

6.
IBCF-5 receives the SDP offer. Since the outgoing side realm (Net X) does not match the incoming side realm (Net 1) IBCF-5 anchor the media and includes in the outgoing SDP offer:

6a.
IP address/port of the IBCF-5 (Net X) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute; and

6b.
the IP address/port of the UE-A (Net 1) in the OMR "visited-realm" attribute.

7.
IBCF-6 receives the SDP offer. Since the outgoing realm (Net 2) does not match the realm of the incoming realm (Net X) and since the next hops (P-CSCF and UE-B) are OMR unaware, the IBCF-6 removes all OMR attributes, anchor the media and includes in the outgoing SDP offer:

7a.
the IP address/port of the IBCF-6 (Net 2).

8.
The UE-B returns an SDP answer. The SDP answer contains:

8a.
an IP address/port of the UE-B (Net 2).

9.
The IBCF-6 receives the SDP answer. Since the media is anchored in IBCF-6, the SDP contains:

9a. an IP address/port of the IBCF-6 (Net X). There is no need for OMR attributes!

10.
The IBCF-5 receives the SDP answer. Since the media is anchored in IBCF-5, the SDP contains:

10a. an IP address/port of the IBCF-5 (Net 1). There is no need for OMR attributes!

11.
The IBCF-4 receives the SDP answer. Since, IBCF bypassed IBCF-1, IBCF-2 and IBCF-3 and since the outgoing realm (Net 2) is not the same as the realm of the UE-A, the IBCF-4 includes in the SDP answer:

11a. an invalid IP address/port. The IP address/port (Net 1) received from IBCF-5 is included in an OMR "visited-realm" attribute.

12-13.IBCF-3 and IBCF-2 are now bypassed hence the SDP is forwarded towards IBCF-1. The SDP still contains:

12a-13a.
an invalid IP address/port. The IP address/port (Net 1) received from IBCF-5 is included in an OMR "visited-realm" attribute.

14.
IBCF-1 receives the SDP answer and since outgoing realm (Net1) is the same as the realm in the OMR attribute "visited-realm" and since the next hops are OMR unaware, the SDP in the outgoing SDP offer contains:

14a.
the IP address/port of the IBCF-5 (Net 1).

When using the OMR procedures in 3GPP TS 29.079, the result of the above SDP offer / SDP answer exchange is that IBCF-1, IBCF-2, IBCF-3 and IBCF-4 are bypassed. Media is anchored in IBCF- 5 and IBCF-6.

Subclause 2.1.3 will show how the anchoring points changes if the UE-B is sending a re-INVITE containing an SDP offer (e.g. putting the call on hold).

2.1.3
SDP offer from UE-B
Figure 2.1.3-1 shows the message flow when a SDP offer is sent from UE-B when e.g. the UE-B is putting the call on hold.
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NOTE:
The red and blue arrows associated with the SDP offer/SDP answer (i.e. 1a is associated with 1, 2a and 2b is associated with 2 and so on) indicates the content in SDP (i.e. red is c-line/m-line and, if in between OMR aware nodes, one of the OMR "visited-realm" attribute , blue is the content of the OMR "visited-realm" attribute" and the red dotted line indicates that c-line contains an invalid IP address and the "visited-realm" contains the correct IP address, see below figure 2.1.1-1 for examples.

Figure 2.1.3-1: SDP offer sent by UE-B.
The steps of the flow are:
1.
The UE-B sends a SIP request (e.g. a re-INVITE request) in the SIP session created in the subclause 2.1.2 containing an SDP offer. The SDP in the SDP offer contains:

1a.
the IP address/port in the c-line, m-line, etc. of the UE-B (Net 2).

2.
IBCF-6 receives the SDP offer. Since the outgoing side realm (Net X) is not the same as the incoming realm (Net 2) the SDP in the outgoing SDP offer contains:

2a.
the IP address/port of the IBCF-6 (Net X) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute; and
2b.
the IP address/port of the UE-B (Net 2) in an OMR "visited-realm" attribute.
3.
IBCF-5 receives the SDP offer. Since the outgoing side realm (Net 1) is different from the incoming side realm (Net X) and since none of the realms in the "visited-realm" attribute (Net 2, Net X) matches the outgoing side realm (Net 1) the SDP in the outgoing SDP offer contain:

3a.
the IP address/port of the IBCF-5 (Net 1) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute;
3b.
the IP address/port of the IBCF-6 (Net X) in the OMR "visited-realm" attribute; and
3c.
the IP address/port of the UE-B (Net 2) in the OMR "visited-realm" attribute.

4.
IBCF-4 receives the SDP offer. Since the outgoing realm (Net X) matches the realm of the outgoing IBCF-6 (Net X) received in the OMR "visited-realm" attribute the SDP in the outgoing SDP offer contains:

4a.
IP address/port of the IBCF-6 (Net X) in the c-line, m-line, etc. but also in the OMR  "visited-realm" attribute; and

4b.
the IP address/port of the UE-B (Net 2) in the OMR "visited-realm" attribute.

5.
IBCF-3 receives the SDP offer. Since the outgoing realm matches the realm of the UE-A (Net 2) the SDP in the outgoing SDP offer contain:

5a.
the IP address/port in SDP of the UE-B (Net 2) in the c-line, m-line, etc. but also in the OMR "visited-realm" attribute.

6.
IBCF-2 receives the SDP offer. Since the outgoing side realm (Net X) does not match the incoming side realm (Net 2) IBCF-2 anchor the media and includes in the outgoing SDP offer:

6a.
IP address/port of the IBCF-2 (Net X) in the c-line, m-line, etc. but also in an OMR "visited-realm" attribute; and

6b.
the IP address/port of the UE-B (Net 2) in the OMR "visited-realm" attribute.

7.
IBCF-1 receives the SDP offer. Since the outgoing realm (Net 1) does not match the realm of the incoming realm (Net X) and since the next hops (P-CSCF and UE-B) are OMR unaware, the IBCF-1 removes all OMR attributes, anchor the media and includes in the outgoing SDP offer:

7a.
the IP address/port of the IBCF-1 (Net 1).

8.
The UE-A returns a SDP answer. The SDP answer contains:

8b.
an IP address/port of the UE-B (Net 1).

9.
The IBCF-1 receives the SDP answer. Since the media is anchored in IBCF-1, the SDP contains:

9a. an IP address/port of the IBCF-1 (Net X). There is no need for OMR attributes!

10.
The IBCF-2 receives the SDP answer. Since the media is anchored in IBCF-2, the SDP contains:

10a. an IP address/port of the IBCF-2 (Net 2). There is no need for OMR attributes!

11.
The IBCF-3 receives the SDP answer. Since, IBCF-2 bypassed IBCF-6, IBCF-5, IBCF-4 and IBCF-3 and since the outgoing realm (Net 1) is not the same as the UE-B, the IBCF-3 includes in the SDP answer:

11a. an invalid IP address/port. The IP address/port (Net 2) received from IBCF-2 is included in an OMR "visited-realm" attribute.

12-13. IBCF-3, IBCF-4 and IBCF-5 are now bypassed hence the SDP is forwarded unchanged towards IBCF-6. The SDP still contains:

12a-13a.
an invalid IP address/port. The IP address/port (Net 2) received from IBCF-2 is included in an OMR "visited-realm" attribute.

14.
IBCF-6 receives the SDP answer and since outgoing realm (Net2) is the same as the realm in the OMR attribute "visited-realm" and since the next hops are OMR unaware, the SDP in the outgoing SDP offer contains:

14a.
the IP address/port of the IBCF-2 (Net 2).

When using the OMR procedures in 3GPP TS 29.079, the result of the above SDP offer / SDP answer exchange is that IBCF-3, IBCF-4, IBCF-5 and IBCF-6 are bypassed. Media is anchored in IBCF- 1 and IBCF-2.

2.1.4
Conclusion

In the example flows:

1)
the media is anchored in IBCF-5 and IBCF-6 when UE-A sends the initial SDP offer; and

-
the media is anchored in IBCF-1 and IBCF-2 when UE-B sends an updated SDP offer (e.g. in a re-INVITE during the active session).
From a generic OMR procedure that is not a problem but from a real network traffic point of view it is not acceptable that the anchoring points are changing depending on direction of the SDP offer for the following reasons:
-
The IP path changes momentarily at the SDP answer. Difference in packet delay along the two routes may be different, this can cause some unwanted problems!

-
What to do with IP packets sent along the old paths that have not reached the final destination?
-
Collection of CDRs generated by the media anchoring points will be more complex and can cause charging correlation problems and misleading statistics. 

2.2
Issues identified when using OMR in loopback routeing (RAVEL)
OMR is a very generic function. Each time an SDP offer / SDP answer is exchanged between entities in the signalling path (e.g. the UPDATE / 200 OK to UPDATE when precondition is used or the call is put on hold or off hold, etc) the OMR mechanism is used. In normal cases this will result in that the same optimal media route is established.

The following issues are identified:

1)
Since OMR is a very generic function any node can decide that it will not allow itself to be bypassed any longer and the optimal media path will be broken (e.g. the media path will suddenly follow the signalling path).

-
As described in clause 1, one of the main reasons for using OMR was to keep the CS charging model. The CS charging model does not allow the media path to be changed once it is established!
2)
Due to 1) each IMS-ALG (e.g. IBCF or a node in an intermediate transit network) in the signalling path needs to be prepared to insert media resources EVERY TIME an SDP offer / SDP answer is exchanged. Even if the same optimal media path is established by the SDP offer / SDP answer:

-
Unnecessary media resources will need to be reserved every time a SDP offer is received and released when the SDP answer is received. This is a waste of network resources!
3. Solution

To ensure that an optimal media path is kept once it is established for the remainder of a call an indicator could be inserted in the INVITE request. Once the indicator is included in the message all nodes in the signalling path is informed that the optimal media path shall be kept for the remainder of the call.
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When the first IMS-ALG (IBCF-1 in the figure) initiates OMR it includes an indicator indicating that it supports keeping an optimal media path, if an optimal media path is established. Each IMS-ALG in the signalling path confirms that it supports keeping an optimal media path. Once an IMS-ALG in the signalling path (IBCF-4 in the figure) creates an optimal media path (i.e. bypassing IBCF-1, IC-1, IBCF-2, any AS, IBCF-3, IC-2 and IBCF-4 in the figure) an indication that the media path will be kept is included in the SDP answer.

If a successful optimal media path is established IBCF-1, IC-1, IBCF-2, any AS, IBCF-3, IC-2 and IBCF-4 will act as SIP proxies for the remainder of the call. If anyone of IBCF-1, IC-1, IBCF-2, any AS, IBCF-3, IC-2 and IBCF-4 receives a SIP request that requires the optimal media path to be broken, the SIP request shall be rejected.

NOTE:
Starting a conference will not break the optimal media path since new media path are used for the conference.

The indicator could be a feature-capability indicator or a SDP parameter or both. Whatever solution is selected it shall be backward compatible with the existing OMR in TS 29.079.

4. Proposal

If the issue in clause 2 is recognized as a problem, it is proposed to start a new release 13 work item to introduce a mechanism that makes it possible to keep an established optimal media path in a backward compatible way.
It is expected that 3GPP TS 29.079 (procedure update) and 3GPP TS 24.229 (SDP definition update) are impacted.
If we agree to start a new work item in release-13, Ericsson will bring a WID proposal to the next meeting.
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An ongoing active SIP session created in the subclause 2.1.2.
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