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7.3.2
Codec Negotiation at Handover 
The assignment procedure at Call Setup, including the enhanced Codec negotiation, aims for best possible Codec setup for best speech quality end-to-end, with the minimal number of transcoding stages in the path and the minimal transport bandwidth.

Following the assignment at Call Setup there may be several reasons for the BSS to change the cell and/or the Codec Type and/or the Codec Configuration and/or the Interface Type. The BSC shall always try to keep the Codec Type and Codec Configuration compatible as well as keep the same Interface Type to create least impact on Core Network and distant termination. Sometimes this is, however, not possible.

The following subchapters discuss different handover cases. 

7.3.2.1
Intra-BSC Handover to a Compatible Target Cell

For an intra-cell or intra-BSC handover to the same Interface Type and a compatible Codec Type and Codec Configuration, the BSS handles the handover internally. One important Intra-Cell handover case is the cell repacking for higher radio efficiency under high load conditions. The handover from FR_AMR to HR_AMR is such an example.

The MSC is merely informed about the handover by the Handover Performed message. A new BSC-SCL, containing the up-to-date Codec capability of the BSC may be included in the Handover Performed message. The MSC may use this in future e.g. at Codec re-negotiation towards the remote end.

7.3.2.2
Intra-BSC Handover to an Incompatible Target Cell

At intra-cell and intra-BSC handover, if the BSC has to change to an incompatible Codec Type or incompatible Codec Configuration, or if there is a need to change the Interface Type, the BSC shall inform the MSC. 

One important Intra-Cell handover case is the cell repacking for higher radio efficiency under high load conditions. The handover from GSM_EFR to GSM_HR is such an example. Important may be that this cell-repacking affects only some of the calls in this cell, not all. The BSC-SCL is therefore often only relevant for the specific call, not for the whole cell. One possible strategy is – for example – to handover only calls with good to best radio conditions from GSM_EFR to GSM_HR, while keeping calls with low radio conditions in GSM_EFR. Also starting new calls may preferably be done in GSM_EFR, until the radio condition is known and a subsequent repacking to GSM_HR is possible. In this way the overall speech quality is optimized on cost of more frequent handovers. This Intra-BSC handover is therefore important and should be performed with minimal impact and delay.

One possibility is to initiate a procedure similar to Inter-BSC handover, i.e. Handover Required is send to the MSC, optionally including a new, up-to-date BSC-SCL. This Handover Required may also include the new AoIP Container for the new radio channel termination. The MSC may handle this Intra-BSC handover like an Inter-BSC handover, see below. The advantage of this possibility is that existing messages and procedures can be reused, although new IEs have to be added. It needs further study how to handle the potentially newly created SCCP connection between the MSC and the same BSC.
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Figure 7.3.2.2.1: Intra-BSC Handover to a non-compatible Codec
A second possibility is to define a simplified 3-ways-signalling MSC-controlled handover procedure, relying on the observation that the source and the target BSS would be the same in this scenario so that two messages used in the normal inter-BSC Handover procedure (namely the "Handover Request" and "Handover Request Acknowledge" messages) would not be needed.

A 3-ways-signalling procedure could be defined where the first message could be a "Channel Modify Required" or a "Internal Handover Required" message containing at least:
-
A target cell. This shall be a cell controlled by the same BSS

-
The up-to-date Codec capabilities in the target cell, i.e. the BSC-SCL

-
The new AoIP container with the new IP/UDP termination at the BSS for the new radio channel termination.

When receiving the "Channel Modify Required"/"Internal Handover Required" message from the BSS, the MSC would select its most preferred Codec Type (pRanC) taking into account the BSC-SCL. The pRanC and the new IP/UDP termination at the BSS would be communicated to the MGW in order to add another termination towards the BSS. The MGW would then acknowledge the Add request by sending back to the MSC the new IP/UDP termination at the MGW.

At this point in time the MSC could reuse existing messages on the A interface to trigger the handover execution phase. In particular, to trigger the handover, the "Handover Command" message would be the second message, sent to the BSS, including the MSC-PCL (with pRanC as the first choice) and the new MGW IP/UDP termination. A legacy handover procedure would be performed on the radio interface and then the BSS would finally confirm the handover/Codec change to the MSC with the third message, the "Handover Complete" message. See figure 7.3.2.2.2.
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Figure 7.3.2.2.2: Simplified procedure for intra-BSS Handover to an incompatible Codec 
(Codec change triggered by the BSS)

A variant of this procedure is also possible. For instance:

-
Instead of containing the BSC-SCL, the "Channel Modify Required"/"Internal Handover Required" could directly contain the chosen Codec, i.e. the BSS could finally decide the Codec-type.
Editor’s Note: this possiblitiy is always included, both the BSC-SCL and/or the MSC-PCL may contain just one, exactly defined Codec and in this way leave no other choice. But this is often not the best choice and may lead to call termination.
-
Instead of reusing the legacy Handover Command/Handover Complete handover execution procedure, a new message “Internal Handover Command” could be defined to trigger the intra-BSS handover and the Handover Performed message could be used to inform the CN of the handover completion (in this case the Handover Performed message would be used by the MSC-S as a trigger to remove the old MGW UDP/IP termination).
-
In addition the BSS should send a (4th) “Handover Detect” message as early as the MS has performed the handover at the radio interface to allow the MSC and MGW to perform the necessary topology change for the call context on the wireline side (i.e. use the new radio leg in uplink instead of the old radio leg). This “Handover Detect” comes earlier than the “Handover Complete” and is beneficial to minimize the speech path interruption in the uplink direction.
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Figure 7.3.2.2.3: Complete 3-ways-signalling procedure for intra-BSS Handover, 
initiated by the BSS
The advantages of a 3-ways-signalling MSC-controlled procedure would be a faster handover handling. 

The disadvantage could be higher implementation and verification effort.

The decision should be based on statistics from existing networks. If this kind of Intra-BSC handover is expected to happen often, then the procedure should be optimized. Otherwise the existing procedure should be sufficient.
A third possibility is to rely on User Plane procedures, whereby the MSC allows multiple Codecs to be used in the MGW and whereby the BSS performs a normal intra-BSS handover, finally sending the "Handover Performed" message to the MSC, and the new target radio leg starts sending UL data to the MGW (from a different, new BSS UDP/IP termination) encoded according the new Codec Type. The MGW would have to detect the Codec change and, before receiving any Control Plane message, add automatically a new termination to the Context, if necessary with transcoder resources, and start sending DL data to the new BSS UDP/IP termination encoded according the new Codec Type. In uplink a smart handover combining could take place and finally the MGW would send a Notify Request to inform the MSC. See figure 7.3.2.2.3.
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Figure 7.3.2.2.3: User Plane procedure for intra-BSS Handover to an incompatible Codec
(Codec change triggered by the BSS)

The suggested User Plane procedure seems attractive, but needs further study and coordination with other groups (e.g. CT4). 

The current working assumption is to introduce a simplified 3-ways-signalling MSC-controlled handover procedure. 
7.3.2.3
Inter-BSC Handover

Inter-BSC handovers can not be handled BSC-internally and the MSC and MGW need to be involved, regardless whether or not the Codec Type, Codec Configuration, Interface Type or Transcoder Resource location has to be changed.

The source BSC sends Handover Required to the MSC. 

As described above this Handover Required may optionally contain a new BSC-SCL and a new AoIP Container for the Intra-BSC handover case. For the 'real' Inter-BSC handover case the source BSC is taken out of the call path and thus it's BSC-SCL is useless.

The reason to include a new BSC-SCL (for Intra-BSC handover case) is to have the latest BSC capability communicated to the MSC. The MSC could then decide whether or not this new BSC-SCL is to be used e.g. in deciding the Codec Type and Codec Configuration and Interface Type for the target cell for Intra-BSC handover to an incompatible target cell. The MSC may also use this new BSC-SCL after handover for Codec Re-Negotiation towards the remote end.
For a real Inter-BSC handover, MSC does in general not know the target BSC's capability. In that case the MSC may construct the MSC-PCL taking into consideration the currently Selected Codec (Type and Configuration) on the Nb interface. The first Codec in the MSC-PCL shall be compatible to the SC. The other Codecs in the MSC-PCL are determined by the known MS-SCL and the MGW capabilities.

In general the MSC does also not know the supported Interface Types of the target BSS. Therefore the MSC may offer all Interface Types in the MSC-PCL, which is send in the Handover Request Message. This Handover Request Message contains also the AoIP Container, if AoIP is offered.

The target BSC selects finally the Codec Type, Codec Configuration, Interface Type and Transcoder Resource Location out of the MSC-PCL. The target BSC reports this back to the MSC in Speech Codec (chosen), included in Handover Request Acknowledge. This Handover Request Acknowledge contains also the AoIP Container, if AoIP is chosen and the new, up-to-date BSC-SCL*.

The MSC updates the MGW accordingly. If more than one Interface Type was seized in the MGW, then the not used one has to be SUBtracted from the MGW context.

If, for whatever reasons, the MSC knows the capabilities of the target BSC, partly or fully, then the MSC may pre-decide the Interface Type and offer only one Interface Type in MSC-PCL. In that case the update of the MGW is sometimes not necessary (except the MODification of the connection address). See figure 7.3.2.3-1 below.
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Figure 7.3.2.3.1: Real Inter-BSC Handover, example of TDM as selected Interface Type
7.3.3
Codec Re-Negotiation after Inter-BSC Handover

After the handover is completed and the BSC-SCL of the now serving BSC and the Speech Codec (chosen) is known to the MSC, the MSC may (optional) evaluate, based on the SC and the Available Codec List received earlier from the distant call leg, whether or not Mid-Call Codec Re-Negotiation may result in a better overall end-to-end Codec selection. 

One important scenario for such a potential Codec Re-Negotiation is the upgrade from narrowband (NB) speech telephony to wideband (WB) speech telephony, when the old BSC was not able to support AMR-WB, but the new BSC is capable to offer AMR-WB speech.

Although Codec Re-Negotiations are currently possible within the Core Network, there is currently no defined procedure to trigger a Codec change from the Core Network to the BSS.

One possibility for the Core Network to trigger a Codec Type change (e.g. to re-establish TrFO) could be to trigger a new assignment procedure on the same SCCP connection. This approach would reuse existing messages, but there could be a few drawbacks as well: 

· A new Assignment message would replace the UDP/IP termination at the BSS (and at the MGW), but it would be preferable to have the 2 terminations (old and new) in place during the Codec change, like in the handover case


· The Core Network would not be aware of the current BSS capabilities when initiating the new Assignment procedure.

In fact, the main issue is to provide a mechanism whereby the BSS informs the Core Network about the Codec Types it can support for the ongoing call, before the Core Network triggers a Codec change. Although the BSS communicates its Codec capabilities at call setup, this is a dynamic information related to a specific time instant in a specific cell so that this might change in time, e.g. due to overload conditions. Therefore a mechanism is needed to update this information for an ongoing call.

One first possibility would be to rely on the simplified MSC-controlled handover procedure defined in section 7.3.2.2, in this case initiated by a preliminary signalling message sent by the MSC to the BSS to trigger a feedback from the BSS about its current Codec capabilities regarding a specific ongoing call. This would result in a 4-ways-signalling procedure.
This first message could be named "Channel Modify Enquiry" or "Internal Handover Enquiry", and it would be different from a legacy "Handover Request" sent to the target BSS during the preparation phase of an inter-BSS handover: its goal is to get back the updated BSS Codec capabilities to handle a specific call and no specific target cell is indicated in the message (the primary goal is to change the Codec, not necessarily the cell, and typically an intra-cell handover would be finally triggered in this case). On the other hand a MSC-PCL (MSC-Preferred Codec List) could be included in the "Internal Handover Enquiry" message to inform the BSS about the MSC Codec preferences. If the goal is to re-establish TrFO, the MSC-PCL in this case should reflect the remote end indicated Codec. The BSS might use this information to decide a possible target cell that meets such requirements.

The BSS response to the "Channel Modify Enquiry"/"Internal Handover Enquiry" message would be the "Channel Modify Required"/"Internal Handover Required" message described in the section 7.3.2.2. The target cell indicated in the message could be the same cell where the call is currently ongoing; alternatively this could also be a cell where the BSS could better satisfy the MSC Codec preferences expressed in the MSC-PCL contained in the "Internal Handover Enquiry" message. The current BSC-SCL and the new UDP/IP BSS termination for the new radio channel termination would also be added.

As described in section 7.3.2.2, when receiving the "Channel Modify Required"/"Internal Handover Required" message from the BSS, the MSC would select its most preferred Codec Type (pRanC) taking into account the BSC-SCL. If the goal of the Codec change is to re-establish TrFO, and the BSS could not meet the request in the MSC-PCL contained in the "Internal Handover Enquiry" message (i.e. if the BSC-SCL in the "Internal Handover Required" message does not contain the MSC-PCL), then the MSC could also decide it's not beneficial to finally trigger a Codec change and could avoid sending the Handover Command at all (of course this means that TrFO would not be re-established at the end). 

Note:
One possible way for the MSC to detect whether the BSS is actually waiting for the Handover Command is to add a flag in the "Internal Handover Required" message to clarify whether this message is:

-
sent by the BSS in response to an "Internal Handover Enquiry" -> the BSS doesn't have a real need to perform the intra-BSS HO -> no problem if Handover Command is not received;


-
sent by the BSS because of a real need to perform the intra-BSS HO (e.g. to an incompatible Codec Type) -> Handover Command is finally expected.
If the MSC decides to continue with the handover, the message exchange with the MGW and the signaling procedure on the A interface for the handover execution phase would be the same as described in section 7.3.2.2 The overall procedure is described in figure 7.3.3.1. 
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Figure 7.3.3.1: Codec change triggered by the Core Network

Note:
A potential, optional Codec Re-Negotiation may lead to a change of all Codecs in the speech path, also the one just selected by the BSC during handover. This will result in a short interruption of the speech path and it costs not negligible signalling load. 

Codec Re-Negotiation is therefore considered as optional. 

The definition of the triggers to initiate a Codec Re-Negotiation is not in the scope of a possible Work Item on "AoIP".

A second possibility is to introduce one new message “Internal Handover Request”, send by the MSC and another new message “Internal Handover Request Acknowledge”, send by the BSC as response.

The “Internal Handover Required” by the BSC (see above) may be extremely important for the radio resource management and the MSC should react on it whenever possible, the call could be terminated otherwise. 
The “Internal Handover Request” by the MSC is just “nice to have” to achieve end-to-end transcoding free operation, but it is not essential for the call.

It is therefore important for the MSC to differentiate clearly between these two Internal Handover procedures.

The “Internal Handover Request” would have the same contents as described for “Internal Handover Enquiry”. 
The “Internal Handover Request Acknowledge” has similar contents as described for “Internal Handover Required”. But these new messages would allow a clear differentiation between the BSC-initated and the MSC-initiated Internal Handovers. Also the case that both nodes initiate Internal Handovers simultaneously and independently by coincidence can be differentiated clearly. Figure 7.3.3.2 shows the message flow.
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Figure 7.3.3.2: Internal Handover initiated by the MSC
The MSC-initated Internal Handover as shown in figure 7.3.3.2 is a 4-ways-signalling procedure (one message more than the BSS-initiated Internal Handover). The second part, starting with “Internal Handover Command” is exactly the same in both procedures, please compare with figure 7.3.2.2.3. The difference between BSS-initiated and MSC-initiated Internal Handover is just the Codec Negotiation before the Handover Execution.
Advantages of this second possibility: It does explicitely not reuse the “Internal Handover Required”message as used for BSS-initiated Internal Handovers, but uses a separate“Internal Handover Request Acknowledge”message to allow a doubtfree differentiation between both procedures. Of ocurse the same effect could be achieved by some internal flags in“Internal Handover Required”, but there is no message-code limitation and so it is easier to differentiate this on message level.
For this “Internal Handover Procedure (MSC initated)” there is no need to enquire an updated BSC-SCL beforehand, because the MSC knows the Selected Codec in the Core Network and knows which Codecs are compatible and whether or not they are in principle supported by the BSC from the previous exchange of BSC-SCL. The “Internal Handover Request” sends a suggestion to the BSS, include in the ordered MSC-PCL. 
The BSS can accept the preferred Codec or may return a second best Codec. In both cases the necessary resources should be pre-allocated in the BSS, e.g. the AoIP Container (BSS) should be returned to the MSC.
If the MSC is not satisfied with the answer it should have the option to not perform the Internal Handover Execution. In that case the MSC must tell the BSS to release the pre-allocated resources again (“CLEAR” Message).
If the BSS can not fulfil the Internal Handover Request, then an “Internal Handover Request Failure” should be send back to the MSC to terminate the procedure.
Only if both sides agree to perform the Internal Handover the MSC sends the “Internal Handover Command” with exactly defined Codec properties and an exactly defined A-Interface Type.
The working assumption is to introduce a simplified 4-ways-signalling “Internal Handover Procedure (MSC-initiated) based on “Internal Handover Request” and “Internal Handover Request Acknowledge”, followed by the Internal Handover Execution as defined for the Internal Handover (BSS-Initiated) procedure. 
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