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Annex X (normative):
Optimal Media Routing

1. X.1
General
This annex defines optional Optimal Media Routing (OMR) procedures for select entities in IMS that perform as IMS-ALG or UA, that control media resources, and are capable of manipulating SDP. Annex Q of 3GPP TS 23.228 [7] documents the architecture and call flows for OMR. An IBCF or P-CSCF acting as an IMS-ALG can support OMR. An AS acting as UA can support OMR. An AS acting as B2BUA can support OMR by adapting IMS-ALG procedures to control an MRF. The MGCF can support OMR as a UA. The controlled media resource can be a TrGW, MRF, or a function internal to the entity performing OMR, but shall be referred to generically in this annex as a media resource (MR).
The procedures in this annex shall apply separately to each media line with non-zero port value in each SDP message, and shall apply separately to each SDP offer/answer transaction. In the presence of forking of a SIP INVITE request that includes an SDP offer, the OMR procedures for handling of the SDP offer apply once for all forked dialogs, and the OMR procedures for handling of the corresponding SDP answer apply independently to each dialog. Entities supporting OMR use the SDP extension attributes "visited-realm", "secondary-realm", and "current-cksum", as defined in subclause 7.5.x.
Editor's Note: impacts to functional entities supporting the OMR procedures to be provided. Mapping of general OMR media resource management (MR) procedures to be mapped to specific functionality entity resource management procedures. For example, OMR procedure to allocate a MR maps to the IBCF Ix Reserve TrGW Connection Point procedure. This will likely introduce text in subclauses of 6 with references to new OMR Annex procedures.

Editor's Note: procedures for AS controlling transcoding MRFC to be provided – likely to introduce text in subclause 10.2.4.

Editor's Note: updates to SDP Profile tables in Annex A to be provided.

Editor's Note: procedures to address usage of OMR across trust domains to be provided – likely to introduce a new subclause to 4.4.

Editor's Note: potential impacts to charging to be investigated.

X.2
Common SDP procedures

X.2.1
General
The IMS-ALG or UA following the OMR procedures in subclause X.3 or X.4, respectively, shall additionally follow the procedures in this subclause when manipulating SDP.
X.2.2
Codec lists and transcoding
When forwarding an SDP offer, the IMS-ALG shall retain all codec related attributes for each media line from the received SDP offer. 
To remove a codec from the forwarded SDP offer, the IMS-ALG shall delete the corresponding payload type number for the codec from the m-line without deleting other attributes associated with the payload type number. 
To add a codec back in to the forwarded SDP offer that was removed from the m-line by a previous IMS-ALG, as determined by examining all occurrences of previous-fmt in the visited-realm instances for the media line, the IMS-ALG shall re-insert the payload type number previously assigned for the codec, as determined by the occurrences of previous-fmt in the visited-realm instances for the media line. 
To add a new codec to an SDP offer that is not listed in the received SDP offer for the media line or in any of the visited-realm instances for the media line, the IMS-ALG shall insert a payload type number in the m-line and the attributes needed to specify the codec options so that the additions do not conflict with any of the payload type numbers already in use. 
If an MR is allocated for the media line, the IMS-ALG shall modify the connection address, port and origin in the SDP offer before forwarding to reflect the local media resource. 
To forward an SDP offer associated with a visited-realm or secondary-realm instance for the media line in the received SDP offer, the IMS-ALG shall modify the list of payload type numbers on the m-line if necessary to reflect the codec list for the instance, as determined by the occurrences of previous-fmt in the visited-realm instances for the media line, retain all codec related attributes for the media line whether or not the corresponding payload type number is included in the m-line, and modify the connection address and port in the SDP offer before forwarding to reflect the associated MR in the previous realm.
Editor's Note: Whether it is necessary to reconstitute the previous origin line is TBD.
In all the above cases, if a payload type number can no longer be referenced in a forwarded SDP offer for a media line or any of the associated visited-realm instances due to bypass of previous MRs or removal of OMR attribute instances for any other reason, the corresponding codec attribute information may be deleted before forwarding the SDP offer.
When allocating an MR to populate a secondary-realm instance for a media line in a forwarded SDP offer, the IMS-ALG or UA shall use exactly the same payload type numbers and codec attributes for the MR associated with the secondary-realm instance as it uses for the MR associated with the forwarded SDP offer.
Editor's Note: handling of SDP attributes associated with Capability Negotiation and the 3GPP defined."3ge2ae" attribute are FFS.

X.2.3
Procedures specific to OMR attributes
X.2.3.1
General

This subclause describes additional procedures specific to the Optimal Media Routing SDP attributes.

X.2.3.2
realm-number
When creating a new visited-realm instance for a media line in an SDP offer, the IMS-ALG shall assign a realm-number value for the instance that is "1" higher than the highest existing realm-number value for a visited-realm instance in the media line, starting with the value "1" if there is no visited-realm instance for the media line. 
A UA creating a visited-realm instance for a media line in an SDP offer shall assign a realm-number value "1" for the instance.
X.2.3.3
previous-fmt
When an IMS-ALG allocates an MR for the media stream associated with a media line in an SDP offer, and adds or deletes codecs from the list before forwarding, the IMS-ALG shall include a previous-fmt in the visited-realm instance (with realm-number = "N") associated with connection address and port information for the media line in the forwarded SDP offer. This previous-fmt shall contain a copy of the list of payload type numbers associated with the visited-realm instance with realm-number value "N-1", if this visited-realm instance exists in the forwarded SDP offer. 
The IMS-ALG shall not include previous-fmt in a visited-realm instance not associated with an MR or with any change in the codec list. The IMS-ALG and UA shall not include previous-fmt in a visited-realm instance in an SDP answer.
X.2.3.4
current-cksum

An IMS-ALG or UA supporting OMR can include a current-cksum for a media line in a forwarded SDP offer. The IMS-ALG or UA computes current-cksum as a checksum across all session level lines and all media level lines associated with a media line, including the visited-realm and second-realm instances for the media line, but excluding the current-cksum itself.
Editor's Note: the determination of the specific checksum algorithm is FFS. Some session level attributes should probably be excluded from the calculation. The checksum value is not intended to protect against intentional fraudulent tampering of the SDP, only to identify if the SDP has been modified by the non OMR-aware SIP node.
X.3
IMS-ALG procedures
a. X.3.1
IMS-ALG handling of SDP offer

Upon receiving an SDP offer, the IMS-ALG supporting OMR shall, for each media line with non-zero port value:
1)
if all the following conditions are true:

a)
the SDP offer includes any OMR attributes for the media line, and 
b)
either no visited-realm instance is associated with the media line, or the connection-address and port information in the visited-realm instance with the highest value of realm-number does not match the connection address and port information for the media line, 
then the IMS-ALG shall remove all instances of visited-realm, secondary-realm and current-cksum attributes associated with the media line;
2)
if all the following conditions are true:

a)
the SDP offer includes one or more instances of visited-realm, 
b)
the visited-realm instance with highest value of realm-number includes connection-address and port information that matches the connection address and port information for the media line, and 
c)
the current-cksum attribute does not match the checksum value computed for the media line as described in subclause X.2.3.4, 
then the IMS-ALG shall remove all instances of visited-realm, secondary-realm and current-cksum attributes associated with the media line;
3)
based on information associated with the media line in the SDP offer regarding the codec list for the media line and codec list changes associated with visited-realm and secondary-realm instances in the media line, the IMS-ALG shall determine according to local policy if it shall offer codecs in the forwarded SDP offer in addition to those in the incoming SDP offer or in lieu of codecs added by one of the visited-realm or secondary-realm instances;
4)
if all the following conditions are true:

1) a)
the IMS-ALG is not adding or replacing any codecs for the media line, 
2) b)
local policy does not require allocation of an MR for any other reason, 
3) c)
the IP realm for the outgoing signalling path is the same as the IP realm for the incoming signalling path, 
4) d)
the IMS-ALG is not performing hosted NAPT traversal on the incoming signalling path, and 
5) e)
the IP realm for the outgoing signalling path is different from the IP realm in any visited-realm or secondary-realm instance for the media line other than the visited-realm instance associated with the connection address and port information in the received SDP offer, to the extent that these instances are present, 
then the IMS-ALG does not allocate a MR, does not bypass any previous MRs, and shall not further modify the SDP offer;
the IMS-ALG forwards the SDP offer according to 3GPP TS 24.229; 
5)
if all the following conditions are true:

6) a)
the IMS-ALG is not adding or replacing any codecs for the media line, 
7) b)
local policy does not require allocation of a MR for any other reason, 
8) c)
the condition in step 4) does not apply, and 
9) d)
the IP realm for the outgoing signalling path is the same as the IP realm associated with a visited-realm or secondary-realm instance for the media line associated with a codec list that includes all codecs required by local policy, 
then the IMS-ALG does not allocate a MR, and shall:
10) a)
select the visited-realm or secondary-realm instance for the media line with the lowest realm-number that is associated with a codec list that includes all codecs required by local policy and has the same IP realm as the outgoing signalling path,
11) b)
replace the connection address and port information for the media line in the SDP offer with the connection-address and port information from the selected instance,
12) c)
delete every visited-realm and secondary-realm instance for the media line with realm-number value higher than the one used to populate the connection address and port for the media line in the SDP offer, and
13) d)
compute a checksum value for the media line as described in subclause X.2.3.4 and replace the current-cksum attribute for the media line;
the IMS-ALG forwards the SDP offer according to 3GPP TS 24.229; 

6)
if all the following conditions are true:

14) a)
the step 4) and step 5) do not apply, requiring the allocation of a MR, and 
15) b)
the IMS-ALG controls a MR with access to an IP realm associated with a visited-realm or secondary-realm instance for the media line such that the instance has a realm-number value less than the realm-number value associated with the media line in the incoming SDP offer and is associated with a codec list that includes all codecs required by local policy, 
then the IMS-ALG shall:
a)
select the visited-realm or secondary-realm instance for the media line with the lowest realm-number such that the IMS-ALG controls a MR with access to the IP realm of the instance and the instance is associated with a codec list that includes all codecs required by local policy,

b)
allocate a MR context with access to this IP realm on the incoming side and with access to the IP realm of the outgoing signalling path, using the connection-address and port information from the selected visited-realm or secondary-realm instance for the remote connection and port information for the incoming termination,
c)
replace the connection address and port information for the media line in the SDP offer with the connection address and port information from the MR termination on the outgoing side,
d)
delete from the SDP offer every visited-realm and secondary-realm instance for the media line with realm-number higher than the realm-number for the selected visited-realm or secondary-realm instance,
e)
if the IMS-ALG requires according to local policy that its MR remain in the media path for reasons unrelated to OMR, remove all visited-realm and secondary-realm instances from the SDP offer,
f)
add to the media line in the SDP offer any codecs determined in step 3),

g)
add to the SDP offer a visited-realm instance for the IP realm associated with the connection address and port information for the media line in the modified SDP offer, including information about the codec changes inserted in step 6f),
h)
if the IMS-ALG controls a MR with access to an IP realm not represented by a visited-realm or secondary-realm instance for the media line in the SDP offer, allocate a MR context for each such IP realm on the outgoing side according to local policy, using the same information on the incoming termination as in step 6b), and the same codecs associated with the media line in step 6f),
i)
add to the SDP offer a secondary-realm instance for each context allocated in step 6h), and
j)
compute a checksum value for the media line as described in subclause X.2.3.4 and replace the current-cksum attribute for the media line;
the IMS-ALG forwards the SDP offer according to 3GPP TS 24.229; 

7)
if steps 4), 5) and 6) do not apply, requiring the allocation of a MR without bypassing any previous MRs, then the IMS-ALG shall:
a)
allocate a MR context with access to the IP realms associated with the incoming and outgoing signalling paths,
b)
if the IMS-ALG is not performing hosted NAPT traversal on the incoming side, then use the connection address and port information for the media line in the incoming SDP offer for the remote connection and port information for the incoming termination on the MR,
c)
if the IMS-ALG is performing hosted NAPT traversal on the incoming side, then discover the remote connection and port information for the incoming termination on the MR using latching or other unspecified technique,
d)
replace the connection address and port information for the media line in the SDP offer with the connection address and port information from the MR termination on the outgoing side,

e)
if the IMS-ALG requires according to local policy that its MR remain in the media path for reasons unrelated to OMR, remove all visited-realm and secondary-realm instances from the SDP offer,

f)
add to the media line in the SDP offer any codecs determined in step 3),
g)
if there is no visited-realm instance associated with the connection address and port information for the media line in the received SDP offer, and there is no local policy prohibiting removal of the allocated MR, then construct and add this visited-realm instance,
h)
add to the SDP offer a visited-realm instance for the IP realm associated with the connection address and port information for the media line in the modified SDP offer, including information about the codec changes inserted in step 7f),

i)
if the IMS-ALG controls a MR with access to an IP realm not represented by a visited-realm or secondary-realm instance for the media line in the SDP offer, allocate a MR context for each such IP realm on the outgoing side according to local policy, using the same information on the incoming termination as in steps 7a) through 7c), and the same codecs associated with the media line in step 7f),

j)
add to the SDP offer a secondary-realm instance for each context allocated in step 7i), and
k)
compute a checksum value for the media line as described in subclause X.2.3.4 and replace or add the current-cksum attribute for the media line;
the IMS-ALG forwards the SDP offer according to 3GPP TS 24.229; 

b. X.3.2
IMS-ALG handling of SDP answer

Upon receiving the SDP answer corresponding to the SDP offer sent in subclause X.3.1, the IMS-ALG shall:
1)
if all the following conditions are true:

a)
there is no visited-realm or secondary-realm instance in the received SDP answer, 
b)
the IP realm associated with the media line in the received SDP answer matches the IP realm of a visited-realm or secondary-realm instance from the originally forwarded SDP offer that has a realm-number value less than the highest realm-number value in the forwarded SDP offer, 
c)
the matching instance supports the selected codec from the SDP answer, and 
d)
it is possible to immediately initiate another SDP offer/answer transaction towards the SDP answerer with the available SIP signalling, 
then an allocated transcoder can be bypassed and the IMS-ALG shall:
a)
select the visited-realm or secondary-realm instance for the media line from the forwarded SDP offer with lowest realm-number value that matches the IP realm of the media line in the received SDP answer and that supports the selected codec for the media line in the SDP answer,
b)
replace the connection address and port information for the media line in a copy of the previously forwarded SDP offer with the connection-address and port information from the selected instance,
c)
delete all OMR attributes for the media line in the SDP offer,
d)
after steps a) through c) are completed as applicable for all media lines, initiate a new SDP offer/answer transaction towards the SDP answerer by immediately sending the new SDP offer within available SIP signalling, and
e)
upon receipt of the second SDP answer, continue handling of the second SDP answer as if it were the first, and reference the second SDP offer as if it were the first;
2)
if the received SDP answer includes a single visited-realm or secondary-realm instance for the media line with a realm and realm-number value matching a visited-realm or secondary-realm instance previously received in the SDP offer for the media line, then the IMS-ALG shall:
a)
release each MR allocated for the media line, if any, when it is no longer potentially needed for any other forked dialog;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229; 

3)
if all the following conditions are true:

a)
the received SDP answer includes no visited-realm or secondary-realm instance for the media line, and 
b)
the IMS-ALG forwarded the same connection address and port for the media line in the SDP offer that it received, as for example in step 4) of subclause X.3.1, 
then the IMS-ALG shall not modify the SDP answer;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229; 

4)
if all the following conditions are true:

a)
the received SDP answer includes no visited-realm or secondary-realm instance for the media line, and 
b)
the step 3) does not apply, 
then the IMS-ALG shall:
a)
copy into the media line of the SDP answer the visited-realm or secondary-realm instance from the media line of the received SDP offer that was used to populate the connection address and port information in the forwarded SDP offer, replacing the connection-address and port information in the instance with the connection address and port information from the received SDP answer, and
b)
replace the connection address information in the SDP answer with the unspecified address;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229; 

5)
if all the following conditions are true:

a)
the received SDP answer includes a visited-realm or secondary-realm instance for the media line with realm and realm-number that match a visited-realm or secondary-realm instance for the media line in the forwarded SDP offer that is associated with a MR allocated by the IMS-ALG, and 
b)
the IMS-ALG used connection address and port information from the received SDP offer for the remote connection address and port information for the incoming termination on the MR, 
then the IMS-ALG shall:
a)
update the remote connection address and port information for the outgoing termination on the selected MR context with the connection-address and port information from the visited-relam or secondary-realm instance in the received SDP answer,

b)
delete the visited-realm or secondary-realm instance from the SDP answer,
c)
if the selected codec in the SDP answer is not one of the codecs in the received SDP offer, then modify the SDP answer to include the codec selected for the incoming termination, and
d)
replace the connection address and port information for the media line in the SDP offer with the local connection address and port information for the incoming termination on the MR;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229; 

6)
if all the following conditions are true:

a)
the received SDP answer includes a visited-realm or secondary-realm instance for the media line with realm and realm-number that match a visited-realm or secondary-realm instance for the media line in the forwarded SDP offer that is associated with a MR allocated by the IMS-ALG, and 
b)
the IMS-ALG used connection-address and port information from a visited-realm or secondary-realm instance in the received SDP offer for the remote connection address and port information for the incoming termination on the MR, 
then the IMS-ALG shall:

a)
update the remote connection address and port information for the outgoing termination on the selected MR context with the connection-address and port information from the visited-relam or secondary-realm instance in the received SDP answer,

b)
delete the visited-realm or secondary-realm instance from the SDP answer,

c)
if the selected codec in the SDP answer is not one of the codecs in the received SDP offer, then modify the SDP answer to include the codec selected for the incoming termination,

d)
copy into the media line of the SDP answer the visited-realm or secondary-realm instance from the media line of the received SDP offer that was used for the remote connection address and port information for the incoming termination on the MR, replacing the connection-address and port information in the instance with the local connection address and port information for the incoming termination on the MR, and
e)
replace the connection address information in the SDP answer with the unspecified address;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229; 

7)
if all the following conditions are true:

a)
the received SDP answer includes no visited-realm or secondary-realm instance for the media line, 
b)
the IMS-ALG included connection address and port information for the media line in the forwarded SDP offer associated with a MR allocated by the IMS-ALG, and 
c)
the IMS-ALG used connection address and port information from the received SDP offer for the remote connection address and port information for the incoming termination on the MR, 
then the IMS-ALG shall:

a)
if the IMS-ALG is not performing hosted NAPT traversal on the outgoing side, update the remote connection address and port information for the outgoing termination on the selected MR context with the connection address and port information for the media line in the received SDP answer,

b)
else if the IMS-ALG is performing hosted NAPT traversal on the outgoing side, the MR shall discover the remote address for the outgoing termination via latching or other unspecified techniques,
c)
if the selected codec in the SDP answer is not one of the codecs in the received SDP offer, then modify the SDP answer to include the codec selected for the incoming termination, and
d)
replace the connection address and port information for the media line in the SDP offer with the local connection address and port information for the incoming termination on the MR;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229; 

8)
if all the following conditions are true:

a)
the received SDP answer includes no visited-realm or secondary-realm instance for the media line, 
b)
the IMS-ALG included connection address and port information for the media line in the forwarded SDP offer associated with a MR allocated by the IMS-ALG, and 
c)
the IMS-ALG used connection-address and port information from a visited-realm or secondary-realm instance in the received SDP offer for the remote connection address and port information for the incoming termination on the MR, 
then the IMS-ALG shall:

a)
if the IMS-ALG is not performing hosted NAPT traversal on the outgoing side, update the remote connection address and port information for the outgoing termination on the selected MR context with the connection address and port information for the media line in the received SDP answer,

b)
else if the IMS-ALG is performing hosted NAPT traversal on the outgoing side, the MR shall discover the remote address for the outgoing termination via latching or other unspecified techniques,

c)
if the selected codec in the SDP answer is not one of the codecs in the received SDP offer, then modify the SDP answer to include the codec selected for the incoming termination,

d)
copy into the media line of the SDP answer the visited-realm or secondary-realm instance from the media line of the received SDP offer that was used for the remote connection address and port information for the incoming termination on the MR, replacing the connection-address and port information in the instance with the local connection address and port information for the incoming termination on the MR, and
e)
replace the connection address information in the SDP answer with the unspecified address;
the IMS-ALG forwards the SDP answer according to 3GPP TS 24.229.
X.4
UA procedures
X.4.1
UA sending an SDP offer
Upon preparing an SDP offer for sending to begin an SDP offer/answer transaction, a UA supporting OMR shall additionally:
a) 1)
add to the SDP offer a visited-realm instance for the IP realm associated with the connection address and port information for the media line in the SDP offer,

b) 2)
if the UA controls a MR with access to an IP realm not associated with the media line in the SDP offer, allocate a MR termination for each such IP realm on the outgoing side according to local policy, using the same codecs associated with the media line,

c) 3)
add to the SDP offer a secondary-realm instance for each termination allocated in step b), and
d) 4)
compute a checksum value for the media line as described in subclause X.2.3.4 and add the current-cksum attribute to the media line.
The UA sends the SDP offer according to 3GPP TS 24.229.
X.4.2
UA receiving an SDP offer
Upon receiving an SDP offer, selecting a codec for the media line, and before sending the corresponding SDP answer, a UA supporting OMR shall additionally:
1)
if all the following conditions are true:

a)
the SDP offer includes any OMR attributes for the media line, and 

b)
either no visited-realm instance is associated with the media line, or the connection-address and port information in the visited-realm instance with the highest value of realm-number does not match the connection address and port information for the media line, 

then the UA shall remove all instances of visited-realm, secondary-realm and current-cksum attributes associated with the media line;

2)
if all the following conditions are true:

a)
the SDP offer includes one or more instances of visited-realm, 

b)
the visited-realm instance with highest value of realm-number includes connection-address and port information that matches the connection address and port information for the media line, and 

c)
the current-cksum attribute does not match the checksum value computed for the media line as described in subclause X.2.3.4, 

then the UA shall remove all instances of visited-realm, secondary-realm and current-cksum attributes associated with the media line;
3)
if all the following conditions are true:

a)
the UA can make available a media termination in an IP realm such that this IP realm matches the IP realm of a visited-realm or secondary-realm instance for the media line in the SDP offer, 
b)
the instance does not match the connection address and port information in the SDP offer, and 
c)
the instance supports the codec selected by the UA, 
then the UA shall:
a)
select the visited-realm or secondary-realm instance with the lowest value of realm-number such that the UA can make available a media termination in the IP realm of the instance and the instance supports the codec selected by the UA, 
b)
allocate a media termination in the selected IP realm,
c)
copy into the media line of the SDP answer the selected visited-realm or secondary-realm instance from the media line of the received SDP offer, replacing the connection-address and port information in the instance with the local connection address and port information for the allocated termination, and
d)
replace the connection address information in the SDP answer with the unspecified address.
The UA sends the SDP answer according to 3GPP TS 24.229.
X.4.3
UA receiving an SDP answer

Upon receiving the SDP answer corresponding to the SDP offer sent in subclause X.4.1, the UA shall first:
1)
if the received SDP answer includes a visited-realm or secondary-realm instance for the media line with realm and realm-number that match a visited-realm or secondary-realm instance for the media line from the SDP offer, then the UA shall:

a)
update the remote connection address and port information for the selected outgoing termination with the connection-address and port information from the visited-relam or secondary-realm instance in the received SDP answer;
2)
if the received SDP answer includes no visited-realm or secondary-realm instance for the media line, then the UA shall:
a)
update the remote connection address and port information for the primary outgoing termination with the connection address and port information from the received SDP answer.
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