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Discussion
Alternative 2 OMR is proposed because we think OMR need to consider transcoding. Because transcoding behaviour is not clear until last meeting, so the detail procedures and advantages are not easy to be developed. This meeting, we provide the detail procedures based on the transcoding behaviour to show how it works and what advantages of the Alternative 2 has.
Following are current issues for OMR alternative 2:
I1: How to handle auxiliary formats
I2: How to handle the case when some IBCF removes codecs per local policy

I3: When the last TrGW can be bypassed, how the extra SDP offer/answer transaction works
I4: What advantages of the Alternative 2 has
I1: How to handle auxiliary formats

If transcoding IBCF does not know auxiliary formats, there will be problem identified by following figure:
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In this figure, auxiliary format (af1) is included in Offer 1 received by the transcoding IBCF. The IBCF provides transcoding option codec2 in Offer 2 to remote end. When remote end selects codec2, the af1 and codec 2 are included in Answer 2 back to the IBCF. However, IBCF will decide that af1 is selected, so IBCF will not provide transcoding function, and communication fails.
To avoid such problem, at least transcoding IBCFs next to the auxiliary formats provider have to be aware of the auxiliary formats. For example, if DTMF is inserted, which belongs to telephone-event (auxiliary format), the IBCF shall not treat DTMF as a normal codec for media transfer.
Considering OMR alternative 2, if auxiliary formats are known by all IBCF (e.g. telephone-event), the IBCF shall not treat auxiliary formats as normal codecs for media transfer, and shall not count it into the codec number. Otherwise, the transcoding IBCF shall move the auxiliary formats to the bottom and correct the codec number of the received IP realms, which are successive from the end and have identical codec number (if there are more than one transcoding IBCF, the correction will be done segment by segment). If later IMS-ALG not providing transcoding counts the auxiliary formats, which is at the bottom, into the codec number, there will be no problem.
I2: How to handle the case when some IBCF removes codecs per local policy

If an IBCF decides to remove any codec due to local policy, the IBCF records the removed codec in the added IP realm, so the next IBCF can restore it before check whether transcoding option is selected.

Subclause 7.3.3 describes the detail.

I3: When the last TrGW can be bypassed, how the extra SDP offer/answer transaction works
The modification explains the solutions of this issue, which shows the extra SDP offer/answer transaction is between the last IMS-ALG and the terminating UE. Please see figure 7.3.2.2-1 and 7.3.2.2-2.
I4: What advantages of the Alternative 2 has
Advantage 1: Figure 7.3.3-1 in subclause 7.3.3 shows an example of the case: If an node (originating UE or TrGW) can direct connect with another node, IMS-ALGx and IMS-ALGy are between those two nodes, during SDP offer forwarding phase, IMS-ALGx removes codec C2, and IMS-ALGy adds it again as a transcoding option, and then terminating UE select codec C2. In that case, Alternative 2 can find the optimized media path that those two nodes are directly connected using codec C2, because Alternative 2 provides codec information in the IP realm. Alternative 1 can not because it is not transcoding-aware.
Advantage 2: Proactive transcoding may need an additional SDP exchange to forward the correct connection information to terminating UE. Alternative 2 provides additional connection information and associated codec information in the first SDP offer, so the IMS-ALG along the signalling path can use the correct connection information based on the selected codec, and then the additional SDP exchange can be avoid. This can improve proactive transcoding greatly, but Alternative 1 can not.
Subclause 7.3.6.1 describes the detail.

Advantage 3: Alternative 2 provides codec information in the IP realm. This can help the IMS-ALG close to the terminating UE to make decision that move transcoding options close to the end based on the knowledge about the terminating networks properties. Alternative 1 can not.
Subclause 7.3.6.2 and 7.3.6.3 describe the detail.

Advantage 4: If an IMS-ALG provides transcoding options and applies Alternative 1, the IMS-ALG may remove received IP realms from the forwarded SDP offer, and initiate additional SDP exchange to forward correct IP realm list. If the IMS-ALG applies Alternative 2, the IMS-ALG always forward IP realms for whole media path, so the last IMS-ALG always has enough knowledge, and if additional SDP exchange is needed, the additional SDP exchange is between the last IMS-ALG and the terminating UE.
Another contribution for evaluation table shows the detail conditions for when additional SDP exchange is needed. It shows clearly that the conditions for Alternative 2 are more restrict than for Alternative 1.

So, Alternative 2 is more efficient than Alternative 1.

Advantage 5: Alternative 2 finds the optimized media path during SDP answer forwarding phase, so, it is flexible to support some features that terminating side may provide additional connection information, such as dual IP LBO. Alternative 1 can not.
Advantage 6: Proactive transcoding may need additional SDP exchange to forward correct connection information to terminating UE, and if there're more than one transcoding providers in the signalling path, it is possible that two or more extra SDP exchanges are needed. Alternative 2 provides transcoding information, including whether the transcoding provider will initiate an additional SDP exchange, in the IP realm, so, it is possible for alternative 2 to avoid extra SDP exchange. For example, if previous transcoding provider will initiate an additional SDP exchange, the next transcoding provider will not initiate an additional SDP exchange. Alternative 1 can not.
Proposal
*****First Change*****
7.3
Alternative 2: Transcoding aware
7.3.1
Description of the base algorithm

This alternative introduces a transcoding aware procedure for OMR, that is, identify when one or more TrGWs and/or RGs can be bypassed, or, an alternative media path can be used, during SDP answer forwarding phase.


During SDP offer forwarding phase, each IMS-ALG supporting OMR shall provide IP realm information on the incoming signalling path in the forwarded SDP offer for each media stream. If an IMS-ALG along the signalling path controls additional TrGW(s), and the additional TrGW(s) has access to the IP realm(s) other than those IP realms that it controls on the default media path, then the IMS-ALG can advertise its ability to access additional IP realm(s) by appending the related information in the forwarded SDP offer for the media stream, which can help the later IMS-ALG(s) to find the secondary optimized media path. The information of the additional IP realm(s) is on the outgoing signalling path.
NOTE 1:
If an IMS-ALG does not provide TrGW for a media stream, then the IMS-ALG can forward the IP realm(s) information for the media stream received in the SDP offer or the SDP answer.
The IP realm information for the default media path and the additional TrGW(s) contains at least realm identifier, connection/port data, and the codec number. The codec number stands for the quantity of codecs in the SDP offer received by the IMS-ALG, which is the vital information to determine whether proactive transcoding can be applied by previous IMS-ALG or not.
NOTE 2:
If auxiliary formats such as DTMF and comfort noise included in the SDP offer, then if auxiliary formats are well known, e.g. telephone-event, the auxiliary formats must not be counted into the codec number, otherwise, the IMS-ALG(s) providing transcoding options must move the auxiliary formats to the bottom and correct the codec number of the received IP realms, which are successive from the end and have identical codec number.
A new SDP media-level attribute "realm" can be used for providing IP realm information. The new attribute shall include a sequence number. The IP realm(s) provided by an IMS-ALG should be included in one "a=realm:" attribute line.
Another new SDP session-level attribute "pathp" can be optionally included to contain the Path Parameters for all media lines, such as connection data of the media line(s). The "pathp" attribute shall include a sequence number corresponding to the "realm" attribute, and may include cryptographic signature to ensure the integrity of the IP realm data and Path Parameters data. If the Path Parameters related to an IMS-ALG contains connection data, there is no need to repeat the connection data in the IP realms related to the IMS-ALG for all media lines if they are same.


During SDP answer forwarding phase, each IMS-ALG may identify one or more TrGWs and/or RGs can be bypassed, or, an alternative media path can be used. The optimized alternative media path is determined based on the received IP realm(s) information during SDP offer phase, all the IP realms information for a media stream makes up an ordered IP realm list.
When an IMS-ALG receives an SDP answer, the IMS-ALG shall:

1.
if a media line in the SDP answer does not contain IP realm, check the IP realm list from the beginning and:

a.
 identify whether a controlled TrGW has a direct connection to an IP realm, which is on the outgoing or incoming signalling path;



NOTE 3:
If the IMS-ALG provides transcoding options, and a transcoding option is selected, do not consider the IP realm on the outgoing signalling path (i.e. the TrGW controlled by the IMS-ALG is included in the media path).

b.
if an IP realm is identified, copy the codecs of the received SDP offer one by one from beginning into a codec list until the quantity of codecs in the codec list equals to the codec number of the identified IP realm; and,

c.
if the selected codec (indicated in the SDP answer or selected by the IMS-ALG) is in the codec list, then provide an IP realm for the media line in the forwarded SDP answer, and

-
if the identified IP realm is on the outgoing signalling path, provide the connection information of the SDP answer in the IP realm to bypass the controlled TrGW; or
-
if the identified IP realm is on the incoming signalling path, use the connection information of the identified IP realm and provide connection information of the controlled TrGW in the IP realm.
-
set the sequence number of the "realm" attribute line containing the IP realm to that of the "realm" attribute line containing the identified IP realm.
NOTE 4:
The IMS-ALG must release the controlled TrGW if it can be bypassed, and in order to release the bypassed TrGW(s) prior to the controlled TrGW, the IMS-ALG must set the connection information of the media stream in the SDP answer to the unspecified address.

d.
otherwise, proceed with step a - c until no IP realm can be identified.
2.
if a media line in the SDP answer contains an IP realm:

a.
if the sequence number of the "realm" attribute line containing the IP realm is the same as that of the added "realm" attribute line in the forwarded SDP offer, and the realm identifier of the IP realm is the same as that of the added IP realm(s) in the forwarded SDP offer, then:

NOTE 5:
IP realm data may be encrypted, so, it is better to check the sequence number first.

-
if the IP realm is on the incoming signalling path, forward an SDP answer with the connection information of the IP realm and bypass the controlled TrGW. The IMS-ALG shall remove the IP realm and corresponding Path Parameters from the forwarded SDP answer; or,

-
if the IP realm is on the outgoing signalling path, use the connection information of the IP realm and forward an SDP answer with the connection information of the controlled TrGW. The IMS-ALG shall proceed with step 1 for IP realm on the incoming signalling path before forwarding the SDP answer. 
b.
otherwise, forward an SDP answer with the IP realm to bypass the controlled TrGW.
If an IMS-ALG is the last one to the remote UE or is the last one in an OMR domain (successive IMS-ALGs supporting OMR consist of an OMR domain), and the TrGW controlled by the last IMS-ALG can be bypassed, and the connection information of the identified IP realm is different from that of the forwarded SDP offer, then an extra SDP offer/answer exchange is required.

An IMS-ALG can determine that it is the last one based on deployment. Another alternative is that each IMS-ALG includes IP realm information in the SDP answer. If an IMS-ALG receives an SDP answer without IP realm, the IMS-ALG decides that it is the last one. And if an IMS-ALG receives an SDP answer that carries IP realm information containing unspecified address, which means that the next IMS-ALG can not find out an optimized media path or an alternative media path and the IP realm is an invalid IP realm, then the IMS-ALG proceeds with step 1.

7.3.2
Procedures and call flows
7.3.2.1
Call flow for base algorithm
Figure 7.3.2.1-1 shows a call flow for transcoding aware OMR that the last TrGW can not be bypassed.
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Figure 7.3.2.1-1: Transcoding aware
NOTE:
The number in the brackets is codec number of the IP realm. The codecs at the bottom of the figure show the codecs in the corresponding SDP offer. The codec below the line is added by IMS-ALG1. Remote UE2 selects Codec1 in the SDP answer.

Steps 1a to 1e describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2. The IMS-ALG1 adds Codec3 as transcoding option. Steps 2a to 2e describe the corresponding progression of SDP answers according to the algorithm.
The TrGW controlled by each IMS-ALG has two IP realms, one is on the incoming signalling path that needs to be recorded in the SDP offer during SDP offer phase, and the other is on the outgoing signalling path. In the flow, IMS-ALGn identifies that the IP realm identifier on the incoming signalling path of IMS-ALGn (realm2) is the same as that of IMS-ALG2 (realm2), then IMS-ALGn gets a codec list containing Codec1 and Codec2, because selected codec Codec1 is in the gotten codec list, so TrGWs controlled by IMS-ALG2, IMS-ALG3 … and IMS-ALGm can be bypassed. The connection/port data in the IP realm of step 2b, 2c, and 2d represent the transport address of TrGW controlled by IMS-ALGn.
7.3.2.2
Last TrGW can be bypassed
Figure 7.3.2.2-1 shows a call flow for transcoding aware OMR in case that the last TrGW can be bypassed without additional signalling.
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Figure 7.3.2.2-1: Transcoding aware - last TrGW can be bypassed without additional signalling
NOTE 1:
The number in the brackets is codec number of the IP realm. If IMS-ALGn does not provide TrGW for the media, then last TrGW is controlled by IMS-ALGm, and realm N is realm 2, and the SDP offer in step 1e does not carry realmN(3).
Steps 1a to 1e describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2, step 2a describes the SDP answer from UE2, step 3a describes the new SDP offer with connection/port information of previous IP realm 2, and steps 4a to 4e describe the corresponding progression of SDP answers according to the algorithm.
NOTE 2:
If the IMS-ALGn knows that an UPDATE transaction is needed, steps 2a and 3a are optional and then the confirmation ACK of step 4a can be SIP 18x response, otherwise, the UE1 will send out a PRACK request without SDP after step 4e, the IMS-ALGn must stop forwarding the PRACK request and send out 200 OK response to the PRACK request. In some case, the PRACK request may contain SDP offer, if terminating UE support UPDATE method, then the IMS-ALGn must send out UPDATE request to terminating side, otherwise the IMS-ALGn must follow the procedure shown in figure 7.3.2.2-1 after receiving answer message.
In the flow, the IP realm identifier on the outgoing signalling path of IMS-ALGn (realm2) is the same as the IP realm identifier on the incoming signalling path of IMS-ALG2 (realm2), so TrGWs controlled by IMS-ALG2 to IMS-ALGn can be bypassed. Because the IMS-ALGn is the last IMS-ALG to the remote UE, an extra SDP offer/answer exchange is needed as shown in step 2a and 3a. The connection/port data in the IP realm of step 4b, 4c, and 4d represent the transport address of UE2.
Figure 7.3.2.2-2 shows another call flow for transcoding aware OMR that the last TrGW can be bypassed with additional signalling cost.
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Figure 7.3.2.2-2: Transcoding aware - last TrGW can be bypassed with additional signalling cost
NOTE 3:
The number in the brackets is codec number of the IP realm. If IMS-ALGn does not provide TrGW for the media, then last TrGW is controlled by IMS-ALGm, and realm N is realm 2, and the SDP offer in step 1e does not carry realmN(3).
Steps 1a to 1e describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2, steps 2a to 2e describe the SDP answer from UE2 to UE1, step 3 describes that IMS-ALGn requests UE2 to initiate an SDP offer/answer transaction, step 4a describes the new SDP offer from UE2, and step 5a describes the new SDP answer with connection/port information of previous IP realm 2 and selected codec indicated in SDP answer of 2a.
NOTE 4:
SDP offer in step 4a is SDP answer in step 2a with additional codecs, so, SDP answer in step 5a is SDP offer in step 1d with replaced connection information and selected codecs.


7.3.2.3
IMS-ALG controls additional TrGW(s)
Figure 7.3.2.3-1 shows a call flow for transcoding aware OMR in case that an IMS-ALG has additional TrGW(s).
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Figure 7.3.2.3-1: Transcoding aware - additional TrGW provided
NOTE:
The number in the brackets is codec number of the IP realm.

Steps 1a to 1e describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2. The TrGW1 controlled by the IMS-ALG1 is default TrGW for the media path, the additional TrGW2 controlled by the IMS-ALG1 can access IP realm N on the outgoing signalling path. Steps 2a to 2e describe the corresponding progression of SDP answers according to the algorithm.
7.3.3
Handling of removed codec

If an IMS-ALG decides to remove some codec from the received SDP offer per local policy, the IMS-ALG shall record the removed codec and the related position in the last IP realm in the forwarded SDP offer.
NOTE 1:
If the IMS-ALG does not provide TrGW for the media, then the IMS-ALG will not add IP realm in the forwarded SDP offer, the IMS-ALG will recode the information of the removed codec into the last IP realm received in the SDP offer.

During SDP answer forwarding phase, if an IMS-ALG receives an SDP answer that a media line does not contain IP realm, the IMS-ALG shall apply procedures as specified in subclause 7.3.1 with following additions:

-
after identifying an IP realm and before getting a codec list, restore the removed codecs in the IP realms after the identified one (including the identified one) into the codecs of the received SDP offer.
NOTE 2:
The restoration must be performed as restoration of incremental backup, so that if two or more IP realms containing information of removed codec, the removed codecs can be correctly restored. For example, if original codecs are C1, C2, and C3, firstly C2 is removed by some IMS-ALG, the position of C2 is 2, secondly C3 is removed by another IMS-ALG, the position of C3 also is 2, then the IMS-ALG first restore C3 in the second place, then restore C2 in the second place and move C3 to the third place.
NOTE 3:
If the IMS-ALG provides transcoding options, and a transcoding option is selected, and the transcoding option is a removed codec by previous IMS-ALG, the TrGW controlled by the IMS-ALG may be bypassed, i.e. the IP realm on the outgoing signalling path still need to be considered.

Figure 7.3.3-1 shows an example flow of recording information of removed codec in the IP realm, which shows that a transcoding option is selected, and the transcoding option is removed by previous IMS-ALG, and the optimized media path does not involve transcoding.
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Figure 7.3.3-1: Handling of removed codec - record information of removed codec in the IP realm
NOTE 4:
The number in the brackets is codec number of the IP realm. The codecs at the bottom of the figure show the codecs in the corresponding SDP offer. Remote UE2 selects codec C2 in the SDP answer.

Steps 1a to 1e describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2. The IMS-ALG1 removes codec C2 and records C2 and the related position of 2 in the forwarded IP realm. The IMS-ALG2 adds codec C2 again as transcoding option. Steps 2a to 2e describe the corresponding progression of SDP answers according to the algorithm.
In this case, the UE2 select codec C2, UE1 can use codec C2 for the media stream, and TrGW controlled by IMS-ALGn can have directly access to UE1 (both of them can access IP realm 1), so the best optimized media path only includes the TrGW controlled by IMS-ALGn. The algorithm can get the best optimized media path.
7.3.4
Interactions with Transcoding
In TS 23.228 [8], IBCF is allowed to use proactive transcoding (provide transcoding options in the first SDP offer) and reactive transcoding (provide transcoding options after first SDP offer has been rejected for the reason that no codec can be used).

For reactive transcoding, when the first SDP offer has been rejected, the algorithm has been aborted for the first SDP offer/answer transaction, and will be applied during another SDP offer/answer transaction. The IMS-ALG, who initiates the second SDP offer/answer transaction for providing transcoding options, shall remove all the SDP extensions and unspecified codecs from the forwarded SDP offer.
For proactive transcoding, when the IMS-ALG provides additional transcoding options in the first SDP offer, the behaviour of the IMS-ALG can be categorized as follows:

A.
allocates TrGW for transcoding when forwarding SDP offer, and triggers second SDP offer/answer transaction when no transcoding option is selected;

B.
allocates TrGW for transcoding when forwarding SDP offer, and does not trigger second SDP offer/answer transaction when no transcoding option is selected;

C.
does not allocate TrGW for transcoding when forwarding SDP offer, and triggers second SDP offer/answer transaction when transcoding option is selected.
D.
does not allocate TrGW for transcoding when forwarding SDP offer, and does not trigger second SDP offer/answer transaction when transcoding option is selected.
If the IMS-ALG provides proactive transcoding options, the IMS-ALG shall include behaviour indication in the last added IP realm.

Addition to the procedure as specified in subclause 7.3.1, if:

-
the behaviour indication of an IP realm in the checked IP realms (excluding the identified IP realm) is Category A, and no transcoding option need to be applied in this realm; or,

-
the behaviour indication of an IP realm in the checked IP realms (excluding the identified IP realm) is Category C, and transcoding option need to be applied in this realm.

NOTE:
In these cases, the transcoding IMS-ALG will initiate an extra SDP offer/answer transaction. If the selected codec is in the codec list generated based on the codecs in the received SDP offer and the codec number of the IP realm, then no transcoding option is needed in this realm, otherwise, transcoding option is needed.

The last IMS-ALG shall not initiate the second SDP offer/answer transaction, and shall apply procedures as specified in subclause 7.3.5.1.

7.3.5
Enhancement of the algorithm
7.3.5.1
Improvement to successive SDP exchanges
During the first SDP offer/answer transaction, the IMS-ALG, who found an optimized media path, shall save the position of the identified IP realm in the received IP realm list and related realm identifier.

During the successive SDP offer/answer transactions, before forwarding the other SDP offer, the IMS-ALG shall check whether the IP realm at the position in the received IP realm list contains the same realm identifier as the saved one. If they are same, then the IMS-ALG shall:

-
if the IP realm is on the outgoing signalling path, replace connection information in the forwarded SDP offer with that of the IP realm;

-
if the IP realm is on the incoming signalling path, use the connection information of the IP realm.
When an SDP answer is received, the IMS-ALG shall provide an IP realm in the forwarded SDP answer. The provided IP realm can be directly connected by the TrGW controlled by previous IMS-ALG.
Figure 7.3.5.1-1 shows a call flow for the second SDP offer/answer transaction.
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Figure 7.3.5.1-1: Transcoding aware - Second SDP offer/answer transaction
Steps 3a to 3e describe the progression of the second SDP offers via the IMS-ALGs from UE1 to UE2, SDP offer in step 3e uses the connection information of the received IP realm2, and steps 4a to 4e describe the corresponding progression of SDP answers according to the algorithm.
7.3.5.2
Pre-identify method


Base algorithm in subclause 7.3.1 identifies the IP realm during SDP answer forwarding phase, but during SDP offer forwarding phase, if an IMS-ALG does not provide transcoding options, or provides transcoding options with Category C or D way, the IMS-ALG may pre-identify an IP realm as follows:

-
check the IP realms in the received IP realm list from the end;
-
if an IP realm containing behaviour indication with value of Category A or B can be found, then continue pre-identify procedures for the checked IP realm list (excluding the found one);

NOTE 1:
This assures that if the terminating side selects one of the additional codecs, the media path can be correctly established with OMR applied to the outgoing media legs of the transcoding TrGW within one SDP offer/transaction. If the terminating side selects one of the original codecs and transcoding is not needed, the procedures as specified in subclause 7.3.1 will get a best optimized media path, and in this case, when both the TrGWs controlled by the IMS-ALG and the transcoding provider can be bypassed, an extra SDP offer/answer transaction may be needed between the IMS-ALG and terminating UE.
-
otherwise, continue pre-identify procedures for the whole received IP realm list;

NOTE 2:
This assures that if the terminating side selects one of the original codecs and no transcoding is needed, the media path can be correctly established with OMR in one SDP offer/answer transaction. If transcoding options are provided and the terminating side selects one of the additional codecs, the procedures as specified in subclause 7.3.1 will get a correct optimized media path, and in this case, if Category C proactive transcoding is provided, an extra SDP exchange will be initiate by the transcoding provider, if Category D proactive transcoding is provided, and both the TrGWs controlled by the IMS-ALG and the transcoding provider were bypassed during SDP offer forwarding phase, the extra SDP offer/answer transaction may be needed between the IMS-ALG and terminating UE.
Continuing pre-identify procedures for an IP realm list, when forwarding an SDP offer, the IMS-ALG shall identify whether a controlled TrGW has a direct connection to an IP realm in the IP realm list. If an IP realm can be identified and the IP realm is for the outgoing signalling path, the IMS-ALG shall apply procedures as specified in subclause 7.3.1 with following additions:

-
replace connection information of the forwarded SDP offer with that of the identified IP realm.
According to interworking agreement, an IMS-ALG can know whether it is the boundary of an OMR domain. If an IMS-ALG is a boundary of an OMR domain on the side of outgoing signalling path or is in visited network of the terminating UE, especially collocated with P-CSCF, and the IMS-ALG applies pre-identify method, then additional SDP offer/answer transaction can be eliminated or improved when the last TrGW can be bypassed.
Figure 7.3.5.2-1 shows an example flow for transcoding aware OMR that an IMS-ALG applies pre-identify method.
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Figure 7.3.5.2-1: Transcoding aware - IMS-ALGn applies pre-identify method
NOTE 3:
The number in the brackets is codec number of the IP realm.

Steps 1a to 1e describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2 and steps 2a to 2e describe the corresponding progression of SDP answers according to the algorithm.
7.3.6
Improvement to proactive transcoding
7.3.6.1
Prevent additional SDP exchange
If an IMS-ALG decides to provide transcoding options per local policy when forwarding an SDP offer, in additional of applying procedures specified in subclause 7.3.1, the IMS-ALG shall allocate a TrGW for transcoding, and include two additional IP realms in the forwarded SDP offer. Both additional IP realms contain the realm identifier on the outgoing signalling path. One of them contains the connection information for the default media path, and the codec number is the quantity of codecs in the received SDP offer. The other, which shall be the last IP realm in the forwarded SDP offer, contains the connection information of the TrGW for transcoding, and the codec number is the quantity of codecs in the forwarded SDP offer. The IMS-ALG shall not include the behaviour indication in any of the IP realms added in the forwarded SDP offer, and shall forward the connection information for the default media path in the SDP offer.
NOTE 1:
If a TrGW controlled by a next IMS-ALG can access the IP realm identified by the additional IP realms, the additional IP realm for default media path will be checked first, and this will make sure that media path not containing transcoding TrGW(s) has priority.
An IMS-ALG may control more than one TrGWs at an IP realm boundary, some of them are for media relay, and some of them are for transcoding. If a TrGW for transcoding has corresponding TrGW for media relay, then the TrGW for media relay has priority to be used except it can not support the selected codec. If the IMS-ALG controls additional TrGWs for transcoding and they have corresponding TrGWs for media relay, then during SDP offer forwarding phase, the IMS-ALG may apply procedures as specified in subclause 7.3.1 to provide IP realms for the corresponding TrGWs for media relay, and add other IP realms for the additional TrGWs for transcoding after the two additional IP realms.
During SDP answer forwarding phase, the IMS-ALG shall apply procedures as specified in subclause 7.3.1 with following additions:

-
if transcoding option is selected, then use the TrGW for transcoding in the media path;
NOTE 2:
To use the TrGW for transcoding in the media path, the IMS-ALG must forward an SDP answer with the connection information of the TrGW. If the IMS-ALG is the last one in an OMR domain, an extra SDP offer/answer transaction may be needed.

Figure 7.3.6.1-1 shows an example call flow for preventing extra SDP offer/answer transaction.
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Figure 7.3.6.1-1: Transcoding aware – prevent extra SDP exchange
NOTE 3:
The number in the brackets is codec number of the IP realm. The IP realms in bold are the additional IP realms, and the first contains the connection information of the TrGW2 on outgoing leg, the second contains the connection information of the TrGW1 on outgoing leg. The IP realms with under-strike contain same connection information because the SDP offer in step 1b carries the connection information of the TrGW2 on outgoing leg too. If IMS-ALG1 does not provide TrGW2 for the default media path (IP realm 1 and IP realm 2 are same), then the first bold realm2 contains connection information of UE1.
Steps 1a to 1c describe the progression of SDP offers via the IMS-ALGs from UE1 to UE2, steps 2a to 2c describe the corresponding progression of SDP answers according to the algorithm.
7.3.6.2
Move transcoding options close to the end
During SDP offer forwarding phase, an IMS-ALG may check the IP realms in the received IP realm list one by one from the beginning, if an IP realm contains behaviour indication, and the value of behaviour indication is not Category A or B, the IMS-ALG may decide to prevent previous IMS-ALG(s) to perform transcoding as follows:

NOTE:
If an IMS-ALG provides Category B proactive transcoding, when transcoding option is not selected, then the IMS-ALG may use the TrGW for transcoding in the media path. If a next IMS-ALG executes transcoding function, then there will be two TrGWs for transcoding in the media path, it's a kind of wasting we need avoid.
-
get the codec number of the IP realm;
-
replace the codec number from the identified IP realm to the last IP realm with the gotten codec number, and also remove all the behaviour indication;
-
offer the additional transcoding options.
This improvement has the advantage that an IMS-ALG closer to the terminating UE, that presumably has more knowledge about the terminating networks properties (e.g. access type, policies, terminal capabilities, etc) than upstream nodes can influence if upstream nodes perform transcoding. For instance, if a call was routed back to the original network only the policies in that network could be used to select codecs, irrespective of any policies in intermediate networks.
This improvement has the disadvantage that the original media path may not be optimized even if it could be optimized without the improvement. An example is when IMS-ALG2 provides transcoding options, and TrGWs controlled by from IMS-ALG3 to IMS-ALG6 could be bypassed, but IMS-ALG5 applies the improvement and transcoding option is selected.
7.3.6.3
Eliminate additional SDP exchange based on the knowledge of terminating networks
If an IMS-ALG, who does not provide transcoding options, has enough knowledge about the terminating networks properties (e.g. access type, policies, terminal capabilities, etc), and transcoding options have been provided in the received SDP offer, and the IMS-ALG can determine whether it is better for the terminating UE to select transcoding options or not, then the IMS-ALG may apply procedures as specified in subclause 7.3.5.2 with following additions:

-
if it is better not to use transcoding options, and the transcoding options are provided using Category A or B behaviour, then remove transcoding options from the forwarded SDP offer and continue pre-identify procedures for the whole IP realm list;
NOTE 1:
This assures that the terminating side will selects one of the original codecs, and the transcoding provider will not initiate an extra SDP exchange, and the media path can be correctly established with OMR in one SDP offer/answer transaction.
-
if it is better to use transcoding options, and the transcoding options are provided using Category C behaviour, then remove original codecs from the forwarded SDP offer and not continue pre-identify procedures;

NOTE 2:
This assures that the terminating side will selects transcoding options, and the transcoding provider will initiate an extra SDP exchange, procedures as specified in subclause 7.3.1 and 7.3.5.1 are enough.
-
if it is better to use transcoding options, and the transcoding options are provided using Category D behaviour, then remove original codecs from the forwarded SDP offer and continue pre-identify procedures for the checked IP realm list;

NOTE 3:
This assures that the terminating side will selects transcoding options, and the transcoding provider will not initiate an extra SDP exchange, and the media path can be correctly established with OMR applied to the outgoing media legs of the transcoding TrGW within one SDP offer/answer transaction.
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