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1) Introduction

During offline discussions it was considered helpful to have a collection of example scenarios for inter-MSC handover to GERAN AoIP mode so that the different proposals for the signalling can be studied using these examples.

The examples are assuming the following configuration:
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2) Far end side is connected to anchor MSC with BICC signaling. 

Example 2.1: Mid-call codec modification/ Mid-call codec negotiation is not supported towards Peer/ Far-end side
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Peer side initiated the codec negotiation. SCL is received with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· G.711

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· FR AMR WB

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (RNC) is a UMTS access without WB-AMR support:

· Nb interface selected codec UMTS AMR 2 to reach TrFO
· ACL sent back to peer side contains only UMTS AMR 2, because codec modification is not supported for the Nb interface (operator restriction for example)

Needed behavior during the inter MSC HO to GSM access:
Anchor MSS:

1. MAP PREPARE HO REQUEST is sent to target MSC with
· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).) (Note: According to TS 48.008, if more than one permitted speech version is included, the speech versions are ordered according to the MSC's preferences, with the first permitted speech version having the highest preference. 
· AoIP supported codec list (anchor): contains all codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well. First codec of the AoIP supported codec list (anchor) shall be FR_AMR codec (as a TrFO compatible codec with the BICC selected codec: UMTS_AMR2)(or if possible HR_AMR codec can be used as well if 10.2 or 12.2 kbps modes are not used on BICC side) with the same codec configuration as chosed for the BICC selected codec of Nb towards the far end side to keep TrFO. (As Mid-call codec modification/ Mid-call codec negotiation towards Peer/ Far-end side is not supported, it is not possible to achieve TrFO with any other selected codec.) The AoIP supported Codec List (anchor) shall be the following:
· FR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec)

· HR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec, if it does not contain 10.2 or 12.2 kbps modes)

· GSM EFR

· GSM FR

· GSM HR

· FR_AMR_WB

Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.
3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

Anchor MSC:

6. Start Nc level codec negotiation towards target MSC where the BICC selected codec is preferred.
Example 2.2: Mid-call codec modification/ Mid-call codec negotiation is not supported towards Peer/ Far-end side
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Peer side initiated the codec negotiation. SCL is received with the following codecs:

· GSM EFR

· GSM FR

· GSM HR

· G.711

· FR AMR

· HR AMR

(I.e. far end side is a legacy GSM MS.)
· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· FR AMR WB

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (BSC) is a GERAN access, BSC selected GSM EFR (apparently no FR/HR AMR support):

· Nb interface selected codec GSM EFR to reach TrFO

· ACL sent back to peer side contains only GSM EFR, because codec modification is not supported for the Nb interface (operator restriction for example)

Needed behavior during the inter MSC HO to GSM access:
Anchor MSS:

1. MAP PREPARE HO REQUEST is sent to target MSC with

· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).) (Note: According to TS 48.008, if more than one permitted speech version is included, the speech versions are ordered according to the MSC's preferences, with the first permitted speech version having the highest preference. 

· AoIP supported codec list (anchor): contains all codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well. First codec of the AoIP supported codec list (anchor) shall be FR_AMR codec with a pre-configured codec configuration. (According to TS 28.062, Annex F.3, compared to TFO with GSM EFR "… often a Tandem Connection including one AMR Codec Type may be preferable in terms of speech quality." So an operator may actually prefer "… a tandeming connection with this AMR Codec on one side to a tandem free connection with GSM_EFR, …". The AoIP supported Codec List (anchor) shall be the following:

· FR_AMR(with a pre-configured configuration)

· GSM EFR

· GSM FR

· HR_AMR(with a pre-configured configuration)

· GSM HR

· FR_AMR_WB

Notes:

1. The present example is based on the fact that "… often a Tandem Connection including one AMR Codec Type may be preferable in terms of speech quality." Future development of new codecs could result in other codec types for which a Tandem Connection including the new codec is preferable in terms of speech quality to a TrFO/TFO connection using legacy codecs. For this reason the Anchor MSC should be allowed to include that codec as first codec in the AoIP supported codec list (anchor) that is preferable in terms of speech quality. Usually this will be the BICC selected codec or a TrFO/TFO compatible codec, but there can be exceptions to this rule.
Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.

3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

Anchor MSC:

6. Start Nc level codec negotiation towards target MSC where the BICC selected codec is preferred. 
Example 2.3: Mid-call codec modification supported, but Mid-call codec negotiation is not supported towards Peer/ Far-end side
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Peer side initiated the codec negotiation. SCL is received with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· G.711

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· FR AMR WB

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (RNC) is a UMTS access without WB-AMR support:

· Nb interface selected codec UMTS AMR 2 to reach TrFO

· ACL sent back to peer side contains:

· UMTS AMR 2
· and depending on implementation strategy: direct codecs only or direct and indirect codecs as well

· and G.711

Needed behavior during the inter MSC HO to GSM access:
NSN proposed solution:

1. MAP PREPARE HO REQUEST is sent to target MSC with

· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).)

· AoIP supported codec list (anchor): contains all codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well. First codec of the AoIP supported codec list (anchor) shall be FR_ AMR codec (as a TrFO compatible codec with the BICC selected codec: UMTS_AMR2)(or if possible HR_AMR codec can be used as well if 10.2 or 12.2 kbps modes are not used on BICC side) with the same codec configuration what is the selected codec of Nb towards the far end side to reach TrFO. After the preferred codec those codecs shall be added to the list which are in the ACL (or which are TrFO compatible with an ACL codec). Those codecs which are not supported by the ACL (or no TrFO compatible codec exists) shall be added to the end of the list. The AoIP supported Codec List (anchor) shall be the following:

· FR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec)

· HR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec, if it does not contain 10.2 or 12.2 kbps modes)

· GSM EFR

· GSM FR

· GSM HR

· FR_AMR_WB

Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/BSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.

3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

6. ...

Anchor MSC:

7. Start Nc level codec negotiation towards target MSC (depending on implementation strategy the BICC selected codec can be preferred towards the target MSC, or if the bsc selected codec is different, then it can be preferred as well.) If BSC selected a codec which is included in the ACL (or a TrFO compatible codec with it exists in the ACL) then the bsc chosen codec shall be preferred and a CM shall be started towards the peer side after the handover is completed) -> anchor MSC shall insert a transcoder until the CM towards far end side executed. In this way no need to modify later the connection between anchor and target MSC.

Example 2.4: Mid-call codec modification and mid-call codec negotiation is supported towards Peer/ Far-end side
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Peer side initiated the codec negotiation. SCL is received with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· G.711

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· FR AMR WB

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (RNC) is a UMTS access without WB-AMR support:

· Nb interface selected codec UMTS AMR 2 to reach TrFO

· ACL sent back to peer side contains:

· UMTS AMR 2

· and depending on implementation strategy: direct codecs only or direct and indirect codecs as well

· and G.711

Needed behavior during the inter MSC HO to GSM access:
NSN proposed solution:

1. MAP PREPARE HO REQUEST is sent to target MSC with

· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).)

· AoIP supported codec list (anchor): contains all codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well. First codec of the AoIP supported codec list (anchor) can be FR_AMR_WB. After the preferred codec those codecs shall be added to the list which are indicated as supported codecs by the far end side (as direct codecs in SCL), then those codecs indicated as supported as indirect codecs in SCL, and finally those which are not supported by the peer side at all. The AoIP supported Codec List (anchor) shall be the following:

· FR_AMR_WB

· FR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec)

· HR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec, if it does not contain 10.2 or 12.2 kbps modes)

· GSM EFR

· GSM FR

· GSM HR

Notes:

1. Preferring FR_AMR_WB can be done because it is TrFO compatible with UMTS_AMR_WB codec in case of the same codec configuration and peer side in SCL indicated the support/ preferred this codec.

2. If peer side codec capability was changed then peer side should inform anchor MSC about the change with MCCN.
(In a previous conference call, Ericsson doubted that such a continuous update would be used in practice and proposed that it would be sufficient to require that a CM or MCCN was initiated only after completion of the inter-MSC handover by the server terminating the BICC signalling (i.e. in this case not by the anchor MSC, but rather by the target MSC). But without such a continuous update of the codec capabilities, it will be difficult to use AMR WB in networks with TrFO/TFO interworking. E.g. consider a connection between two mobile subscribers, consisting of a TrFO segment, a TFO segment and another TrFO segment in concatenation. If the MSC server 1 serving the mobile subscriber A does not use BICC signalling to continuously update the server 2 at the near end of the TFO segment [where the TrFO/TFO interworking takes place between server 2 and MGW 2], then this information also cannot be forwarded via TFO signalling to the far end of the TFO segment [server 3/MGW 3]. As a consequence it will not be available when the MSC server 4 at the far end side initiates a CM or MCCN, and the server 3 terminating the CM or MCCN can only use its – possibly outdated – information. So if MSC server 1 did not indicate availability of the AMR WB codec as direct codec during call setup, server 3 will never be informed that it becomes available as direct codec in MSC server 1 later, after inter-MSC handover.)
3. If peer side is not a node which are supporting or using the MCCN, then usage of the MCCN shall be restricted towards that node -> see previous examples

4. If the SCL is used in this case and not the ACL then the restrictions of the source access network (= access network before the handover) are not taken into account. A better codec can be used after the codec towards far end side is modified (even with CM or with the help of MCCN).

5. Preferring FR_AMR_WB is suggested only if the peer side in the original SCL prefers this codec-> it means original node prefers the usage of this codec and all interim node supports this codec!

Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/BSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.

3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

6. ...

Anchor MSC:

7. Start Nc level codec negotiation towards target MSC (suggested implementation strategy to prefer the codec selected by the target BSC, after the handover is completed anchor MSC can initiate a MCCN towards the far end side based on the ACL received from the target MSC) 
Example 2.5: Mid-call codec modification and mid-call codec negotiation is supported towards Peer/ Far-end side
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Anchor MSS initiated the codec negotiation. SCL is sent with the following codecs:

· UMTS AMR 2

· G.711

· UMTS AMR WB 

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR WB

· UMTS AMR 2

· FR AMR WB

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (RNC) is a UMTS access without WB-AMR support:

· Nb interface selected codec UMTS AMR 2

· ACL received back from far end side contains:

· UMTS AMR 2

· far end side supported codecs (but not WB-AMR)

· and G.711

Needed behavior during the inter MSC HO to GSM access:

NSN proposed solution:

1. MAP PREPARE HO REQUEST is sent to target MSC with

· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).)

· First codec of the AoIP supported codec list (anchor) shall be FR_ AMR codec (as a TrFO compatible codec with the BICC selected codec: UMTS_AMR2)(or if possible HR_AMR codec can be used as well if 10.2 or 12.2 kbps modes are not used on BICC side) with the same codec configuration what is the selected codec of Nb towards the far end side to reach TrFO. After the preferred codec those codecs shall be added to the list which are in the ACL (or which are TrFO compatible with an ACL codec). Those codecs which are not supported by the ACL (or no TrFO compatible codec exists) shall be added to the end of the list.The AoIP supported Codec List (anchor) shall be the following:

· FR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec)

· HR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec, if it does not contain 10.2 or 12.2 kbps modes)

· GSM EFR

· GSM FR

· GSM HR

· FR_AMR_WB

Notes:

If anchor MSC initiated the basic codec negotiation, then (even if MCCN is supported towards far end side) the order of sequence of codecs in the AoIP supported Codec List (anchor) shall take the ACL negotiated with the far end into account, so that the target BSS preferably selects a codec for which TrFO can be achieved (possibly after a codec change at the far-end side access)
Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/BSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.

3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

6. ...

Anchor MSC:

7. Start Nc level codec negotiation towards target MSC (suggested implementation strategy to prefer the codec selected by the target BSC, after the handover is completed anchor MSC can initiate a MCCN towards the far end side based on the ACL received from the target MSC)

Example 2.6: Mid-call codec modification and mid-call codec negotiation is supported towards Peer/ Far-end side
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Peer side initiated the codec negotiation. SCL is received with the following codecs:

· UMTS AMR 2

· G.711

· FR AMR

· HR AMR

(Note that support of GSM EFR via Nb was added in Rel-6 and support of GSM FR and GSM HR only in Rel-8, so it can happen that the far end does not include these GSM codecs in the SCL.)

· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR 2

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (RNC) is a UMTS access supporting UMTS AMR 2:

· Nb interface selected codec UMTS AMR 2 to reach TrFO

· ACL sent back to peer side contains:

· UMTS AMR 2

· and depending on implementation strategy: direct codecs only or direct and indirect codecs as well

· and G.711

Needed behavior during the inter MSC HO to GSM access:
NSN proposed solution:

1. MAP PREPARE HO REQUEST is sent to target MSC with

· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well, i.e. GSM EFR, GSM FR and GSM HR are included (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).)

· AoIP supported codec list (anchor): contains all codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well. I.e. GSM EFR, GSM FR and GSM HR are included. First codec of the AoIP supported codec list (anchor) shall be FR_AMR codec (as a TrFO compatible codec with the BICC selected codec: UMTS_AMR2)(or if possible HR_AMR codec can be used as well if 10.2 or 12.2 kbps modes are not used on BICC side) with the same codec configuration as chosed for the BICC selected codec of Nb towards the far end side to keep TrFO. After the preferred codec those codecs shall be added to the list which are indicated as supported codecs by the far end side (as direct codecs in SCL) ), then those codecs indicated as supported as indirect codecs in SCL, and finally those which are not supported by the peer side at all. The AoIP supported Codec List (anchor) shall be the following:

· FR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec)

· HR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec, if it does not contain 10.2 or 12.2 kbps modes)

· GSM EFR

· GSM FR

· GSM HR

Notes:

1. GSM EFR, GSM FR and GSM HR are included, because the target MSC should include them as well in the MSC Preferred Codec List via AoIP, if supported by target MSC and target MGW.

Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.

3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

6. ...

Anchor MSC:

7. Start Nc level codec negotiation towards target MSC where the BICC selected codec is preferred.
Example 2.7: Call was initiated in a PSTN and the first Server/MGW in the PLMN initiated outband codec negotiation. Mid-call codec modification and mid-call codec negotiation is supported towards first Server/MGW in the PLMN
Preconditions (before inter MSC HO):

· Codec negotiation was executed during call setup. Peer side initiated the codec negotiation. SCL is received with the following codecs:

· G.711

· UMTS AMR 2

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· mobile terminal supports both UMTS and GSM access with the following codecs:

· UMTS AMR 2

· FR AMR

· HR AMR

· GSM EFR

· GSM FR

· GSM HR

· Source access (RNC) is a UMTS access supporting UMTS AMR 2:

· Nb interface selected codec UMTS AMR 2 to use TrFO inside the PLMN

· ACL sent back to peer side contains:

· G.711

· UMTS AMR 2

· and depending on implementation strategy: other indirect codecs as well

Needed behavior during the inter MSC HO to GSM access:
NSN proposed solution:

1. MAP PREPARE HO REQUEST is sent to target MSC with

· channel type: contains all GSM codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well (preferably it shall be in the same priority order as the AoIP supported codec list for those cases when the target side is not supporting or does not want to use the AoIP supported codec list (anchor).)

· AoIP supported codec list (anchor): contains all codecs supported by the terminal for GSM access and which are supported by the anchor MSC as well. First codec of the AoIP supported codec list (anchor) shall be FR_AMR codec (as a TrFO compatible codec with the BICC selected codec: UMTS_AMR2)(or if possible HR_AMR codec can be used as well if 10.2 or 12.2 kbps modes are not used on BICC side) with the same codec configuration as chosed for the BICC selected codec of Nb towards the far end side to keep TrFO. After the preferred codec those codecs shall be added to the list which are indicated as supported codecs by the far end side (as direct codecs in SCL – in this case there is no codec in this category), then those codecs indicated as supported as indirect codecs in SCL, and finally those which are not supported by the peer side at all. The AoIP supported Codec List (anchor) shall be the following:

· FR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec)

· HR_AMR(with the codec configuration of BICC selected UMTS_AMR2 codec, if it does not contain 10.2 or 12.2 kbps modes)

· GSM EFR

· GSM FR

· GSM HR

Notes:

1. ---

Target MSC:

2. Form MSC Preferred Codec List based on the received AoIP supported codec list (anchor). Both priority order and codec configurations are used from this list. If a given codec is not supported by the target MSC/MGW, then this codec is dropped from MSC-PCL and from channel type as well.

3. Reserve IP resource in MGW and send HANDOVER REQUEST message to target BSC with the formed MSC-PCL

4. ...

5. target MSC informs anchor MSC about the codec selected by the BSC

6. ...

Anchor MSC:

7. Start Nc level codec negotiation towards target MSC (suggested implementation strategy to prefer the codec selected by the target BSC, after the handover is completed anchor MSC can initiate a MCCN towards the far end side based on the ACL received from the target MSC in order to restore TrFO up to the point where the outband codec negotiation was initiated.) 
Differences in examples 2.1-2.7 to solution based on Ericsson's proposal:

Anchor MSC:
Just forward the ACL of the basic codec negotiation in all cases to target MSC

Target MSC:

Based on the received channel type and based on the received MAP level codec list forming MSC Preferred Codec List. Priority order and preferred codec configurations for AMR codecs shall be based on the received ACL.

Notes about the differences:

· Codec preference logic is in target MSC in Ericsson's proposal and not in anchor. 

· Final result is the same in most of the cases

· The only difference where the codec handling can be done in a more optimal way is where the anchor MSC was the terminating side in codec negotiation and MCCN is supported by the peer system and a more optimal codec was preferred by the far end side but because the source access is was not possible to use. In these cases the upgrade to a more optimal codec could be done already during the inter MSC Server Handover and no need to modify the resources reserved during the HO. (drawback of this solution that codec modification is needed towards the target MSC if the Mid call codec negotiation or the codec modification towards the far end side is not successful).

3) Far end/Peer side is connected to anchor MSC with ISUP signaling and TFO is used. 

In this case the main difference compared to the previous example that no SCL/ACL is available. In this case the only available information can be the Distant Codec List what was indicated by the far end side as a supported codecs in TFO negotiation.

Preferred logic is similar to the previous logic with the exception that AoIP supported codecs list (anchor) shall be formed in a way to take into account the received DCL. Anchor MSC shall add those GSM codecs first to the list which are supported by the DCL. Priority order shall be based on TFO priority order. And finally those codecs shall be added which are not supported by the received DCL.

Differences to solution based on Ericsson's proposal:

According to (our understanding of) Ericsson's proposal, in this case the DCL shall be transferred through the MAP-E signaling and it shall be used by the target MSC to form the MSC Preferred codec.

Anchor MSC of course shall remove those codecs from the Distant Codec List which cannot be used with TFO by the anchor MGW.

Notes about the differences:

· Codec preference logic is in target MSC in Ericsson's proposal and not in anchor.

· Anchor MSC shall manipulate the DCL in this case based on the capabilities of anchor side

· Final result is the same in both cases

· A drawback of Ericsson's proposal in this case is that codec handling logic is needed in both anchor and target MSC. In NSN proposal logic is needed only in anchor and target shall filter the list only based on target MSC/MGW/BSC capabilities.

4) Far end/Peer side is a UMTS or GSM AoIP access
Logic shall be similar here as well, but now the UMTS or GSM AoIP access codec support shall be taken into account.

Differences to solution based on Ericsson's proposal:

Anchor MSC shall form the supported codec list based on the peer access side capabilities and it shall be transferred through MAP-E interface and it shall be used by the target MSC to form the MSC Preferred codec.
Advantages and disadvantages of NSN proposal
Advantage of the NSN proposal:

· During the inter MSC HO the most optimal codec is reserved towards target access and on the anchor MSC- target MSC connection. No need to modify them later if an MCCN is started towards the far end side

· No different kind of codec list shall be transferred through MAP-E interface...

Disadvantage of the NSN proposal:
· If codec modification towards far end side is not successful, then a transcoder shall be inserted or codecs towards target MSC/BSC shall be modified

5) Mid-call codec negotiation or mid-call codec modification from far end side. Interaction with a supplementary service invocation from target MSC
Example 5.1: Mid-call codec negotiation or mid-call codec modification from far end side while a supplementary service invocation is started from target MSC

Preconditions:

· Subscriber A at the Far-end side called Subscriber B

· During the call Subscriber B executed an inter MSC Server Handover -> Subscriber B

Needed behavior according to NSN proposal:
Anchor MSC:
1. MCCN is initiated from the far end side, while Subscriber B initiates a Call Hold, e.g. in order to call Subscriber C.
2. Anchor MSS receives MCCN from Far end side through BICC signaling, and a Call Hold indication through MAP-E signaling from Target MSC.
3. If Anchor MSC controls CM/MCCN received from far end side after the Call Hold indication, then at this point it realizes that a Call Hold is started and no reason to forward the received MCCN towards target MSC. I.e. anchor MSC terminates the MCCN and proceeds with the Call Hold handling.
If MCCN is received before the Call Hold indication, then there is collision between the MAP level codec modification (for the AoIP interface) and the Call Hold indication, but it can be handled by reverting the the MAP level codec modification and terminating the MCCN towards the far end.
If the Call Hold indication is received even later, after initiation of the MCCN towards the target MSC, the anchor MSC waits for the completion of the MCCN before proceeding with the Call Hold handling.
4. MCCN is terminated at anchor MSC and initiated supplementary service (Call Hold) is handled.

5. If Subscriber B retrieves the call (maybe after an intermediate call for example), then Anchor MSC can decide to initiate codec modification through MAP-E and Nc interfaces to modify the Nb and access side codec according to the result of the previous Mid-call codec negotiation/modification. (Note that this procedure can only be initiated by the Anchor MSC.)
Behavior according to (our understanding of) Ericsson's proposal:
Anchor MSC:

1. MCCN is initiated from the far end side, while Subscriber B initiates a Call Hold.

2. Anchor MSS receives MCCN from Far end side through BICC signaling, and a Call Hold indication through MAP-E signaling from Target MSC.

3. Anchor MSC shall simple forward the CM/MCCN received from Far-end side to target MSC (as the target MSC is supposed to be the end point of the codec control signalling), so in those cases when MCCN/CM from far end side is received first and right after Call Hold indication through the MAP-E then MCCN will be forwarded to far end side and right after that, because of the received Call Hold, the speech path in MGW controlled by the anchor MSC will be disconnected. Because of the disconnected speech path the MCCN and possible codec modification, user plane re-initialization will be unsuccessful which will result in a release of the call.

Notes:

1. It has been proposed that codec control should always be done by the end points of a TrFO connection, i.e. in this case by the target MSC and the far end side. The present example shows, however, that the anchor MSC cannot simply act as an 'intermediate node' for this signalling. Actually, the anchor MSC needs to perform the coordination between call control signalling (like call hold/retrieve) received from the UE which is terminated by the anchor MSC, not the target MSC, and the codec control signalling. So the anchor MSC is coordinating what happens on the two call legs (from far end to anchor MSC and from anchor MSC to target MSC). Note that this scenario can also occur when UTRAN Iu mode is used instead of GERAN AoIP mode, and the corresponding logic already needs to be supported by existing implementations.

2. Call Retrieve (step 5 above) is a further example where the anchor MSC needs to initiate codec control related signalling upon receipt of a call control signalling message.

3. A further example for the active role of the anchor MSC is given by SCUDIF: if the far end side requests a change from voice to video via a BICC CM, and the anchor MSC already knows that the current serving RAT is GERAN AoIP mode, it can immediately reject the CM. There is no point in forwarding the CM towards the target MSC. Actually, if due to the use of PCM the CM is terminated before reaching the target MSC, it could even result in a not intended switch to 64 kbit/UDI on a part of the connection.
