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Introduction

At GERAN#35 a new 3GPP R8 Feature Study Item “A Interface over IP” (GP-071562) was approved (see GP-071562). The WID asks for studying impacts on the architecture, including the possibility to move the transcoder from GERAN into the core network. The placement of the transcoder inside the Core Network allows much better control and enables new possibilities for true end-to-end transcoding free operation.

This paper outlines the current status of use plane handover procedures. It identifies the changes needed in the handover procedures in order to ensure possibility for handover also when the codec may be located in the CN.
The following chapters are written with the intention to include them after discussion into the TR under chapter 6.4 (Control Plane) and chapter 5.5 (User Plane).


For the purpose of easier discussion in GERAN, both chapters (Control Plane and User Plane) are here presented in a kind of “interleaved” manner. In the final TR these should be separated into the respective chapters.
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Mobile Switching Centre - Base Station System (MSC-BSS) interface; 
 


Layer 3 specification
Concepts

Codec Type
Any of the existing GSM Codec Types, like 
GSM_FR, GSM_HR, GSM_EFR, FR_AMR, HR_AMR,
FR_AMR-WB.


Codec Configuration
mainly used in context of AMR and AMR-WB to specify the mode set to be used during the call, e.g.
NB-Set1 = {(12.2) – 7.4 – 5.9 – 4.75}
WB-Set0 = {12.65 – 8.85 – 6.60}

Compatible Codec Configurations
codec configurations that do not require transcoding, although the Codec Types and Configurations may be different, e.g. FR_AMR(set 1) to HR_AMR (set 1), i.e. .
FR_AMR {12.2 – 7.4 – 5.9 – 4.75} to 
HR_AMR {           7.4 - 5.9 - 4.75}

Interface Type
The A-Interface will exist in various types, e.g. as 
AoTDM (legacy) or AoIP (target)

Abbreviations

BSC-SCL
BSC – Supported Codec List

MS-SCL
Mobile Station – Supported Codec List

PCL

(MSC-) Preferred Codec List

SCVL

Speech Codec Version List
SCL

Supported Codec List (in OoBTC)

6.4
Handover Procedure (Control Plane)
The assignment procedure at Call Setup, including the enhanced codec negotiation (as described in chapter 6.2), strives at best possible codec setup to best speech quality end-to-end, with the minimal number of transcoding stages in the path.
Following the assignment there may be several reasons for the BSS to want to change cell and/or Codec Type and/or Codec Configuration. Also the Interface Type (AoIP or AoTDM) may change.
5.4
Handover Procedure (User Plane)
The assignment procedure at Call Setup, including the enhanced codec negotiation (as described in chapter 6.2), strives at best possible codec setup to best speech quality end-to-end. In the ideal case in a future architecture with AoIP there is no transcoder in the BSS and also the MGW uses transcoders only, if the call terminates in the PSTN or the codec negotiation did not succeed in end-to-end transcoding free operation.

Following the call setup there may be several reasons for BSS to change cell and/or Codec Type and/or Codec Configuration. Also the Interface Type (AoIP or AoTDM) may change. These changes may have influence on the User Plane.

6.4.1 Intra-BSC Handover to a compatible target cell (Control Plane)
Whenever such a handover decision is made and the target cell is within the serving BSC, then a new channel is allocated by the BSC. 
The BSC shall try to keep the Codec Type and Codec Configuration compatible, if no specific reasons exist not to. If no incompatible codec change is needed, then no change in the transport format is needed and the BSC can send Handover Performed to the MSC, when done. If the call ended up in a new cell, then the new BSC-SCL may be included in Handover Performed for future use, see also Codec Re-Negotiation.

5.4.1 Intra-BSC Handover to a compatible target cell (User Plane)
It is assumed that the IP-address-plus-UDP-port does not change at Intra-BSC Handover with compatible Codec Type, Codec Configuration and unmodified Interface Type 
(BSS-internal implementation). The MGW sees only some irregularities in the uplink RTP stream.

 

6.4.2 Intra-BSC Handover to an incompatible target cell (Control Plane)
At intra-BSC handover and intra-cell handover, if the BSC cannot or do not want to keep the Codec Type or Codec Configuration compatible, or if there is need to change the Interface Type (AoIP to AoTDM or vice versa), then a Handover Required message shall be sent to MSC, optionally including the BSC-SCL of the new target cell , where the preferred target Codec Type and Codec Configuration and Interface Type is on top place in this BSC-SCL. Reason: the previously received SCVL and PCL may be outdated.
The MSC shall handle this handover like an Inter-BSC handover, see below.

5.4.2 Intra-BSC Handover to an incompatible target cell (User Plane)
At intra-BSC handover and intra-cell handover, if the BSC cannot or do not want to keep the Codec Type or Codec Configuration compatible, or if there is need to change the Interface Type (AoIP to AoTDM or vice versa), then the MGW shall add a new termination towards the target cell and handle the handover like in Inter-BSC handover, see below.

6.4.3 Inter-BSC Handover (Control Plane)
In case of an inter-BSC handover, a real one or the Intra-BSC handover with incompatible Codecs, the MSC does not necessarily get information on the BSC-SCL of the target BSC. Nevertheless the MSC can propose the new SCVL and/or PCL, including Codec Type, Codec Configuration and Interface Type to the target BSC, based on the known MS-SCL and the currently Selected Codec type (SC) in the network, i.e. the Codec on the opposite MGW termination. 
The difference to Call Setup is important: The BSC-SCL of the target BSC is not always known to the MSC, but that is also not absolutely necessary. The MSC has in that moment of handover no freedom to select the Core Network Codec. Instead the Core Network Codec (SC) is given, so the MSC shall propose the new target RAN Codec in such a way, that the likelihood for end-to-end transcoding free operation is maximized.

Note: it is not the best strategy to use the Codec of the old, serving cell again in the new, target cell. It is better to use the Codec that is best compatible to the Selected Codec within the Core Network. In this way a potential shortcoming at call setup (or a previous handover) can potentially be healed at the next handover.

The MSC is not sure that the MSC-preferred Codec, the codec on top of the PCL, can always be chosen by the BSC, as is also the case at call setup. The BSC has always the final decision. The BSC does, however, “per agreement” try to use the MSC-preferred Codec Type, preferred Codec Configuration and preferred Interface Type, whenever possible. The outcome is reported back to the MSC in Handover Completed or Handover Failed, together with the BSC-SCL of the target BSC. In some, rare cases the MSC has to inform the MGW to modify the new termination, if the Codec Type, Codec Configuration or Interface Type is not as expected.
It can be shown that the result of the Codec Negotiation between MSC-Server and new, target BSC at handover, i.e. when the network Codec (SC) is already fixed, is independent of the knowledge of the new, target BSC-SCL within the MSC-Server, assuming that BSC and MSC follow similar selection criteria (minimize transcoding):

Case A)
If the MSC-Server knows the target BSC-SCL before Assignment Request, then the SCVL and/or PCL can be optimized, considering the fixed SC, the known MS-SCL and the known target BSC-SCL. Then the target BSC will accept the MSC-preferred Codec Type and Codec Configuration and Interface Type with highest likelihood – as at call setup.

Case B)
If, however, the MSC-Server does not know the target BSC-SCL before Assignment Request, then the SCVL and/or PCL can not be fully optimized, considering only the fixed SC and the known MS-SCL (but not the unknown BSC-SCL). The target BSC will then not always accept the MSC-preferred Codec Type and Codec Configuration and Interface Type, but sometimes will return another chosen RAN-Codec, together with the new BSC-SCL. In that (rare) case the MSC-Server has to modify the MGW termination towards the A-Interface.

Important is that the RAN-Codec in Case B) is exactly the same as in Case A) above, if we assume that the BSC tries to minimize transcoding and uses a Codec incompatible to the MSC-preferred one only if necessary. 
Since the SC is fixed (handover occurs during the call) there is no choice to achieve transcoding free operation other than using the MSC-preferred Codec Type. Exceptions exist for the AMR Codec Type family, where the MSC may prefer for example FR_AMR(set 1), but the BSC chooses HR_AMR(set 1). In this case the Codec Types are not identical, but compatible.
The other case to consider is when the Interface Type changes. Also here the MSC-Server does not always know what the target BSC supports. It is suggested that the MSC-Server assumes that the Interface Type will not change during Inter-BSC handover. If this assumption is not correct in a specific case, then the BSC will return a failure message, including the target BSC-SCL and now the MSC-Server can do the optimal selection and repeat the Assignment Request, this time with high success rate. 

Note: the change of the Interface Type does not necessarily mean that transcoding free operation can not be maintained or restored. AoTDM may include the TFO inband signalling to tunnel the compressed speech in TFO frames through the PCM link. In that case transcoder devices are in the path (in BSS and MGW), but the transcoding functions are bypassed. 

5.4.3 Inter-BSC Handover (User Plane)

At Inter-BSC handover the MGW will see for a transient time two terminations towards the radio interface, one to the old, serving BSC and one to the new, target BSC. The Codec Types, Codec Configuration and Interface Types may be compatible or different on both MGW terminations. It is up to the MGW to insert necessary transcoding equipment and to perform proper handover handling. Details do not need to be standardized.
6.4.4 Codec Re-Negotiation after Inter-BSC Handover

After the Inter-BSC handover is completed and the BSC-SCL of the now serving BSC is known to the MSC, then MSC may (optional) evaluate, based on 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.

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. It is therefore considered as optional.
Conclusion

This paper discusses Handover Handling on Control Plane and User Plane for architectures with a potential mix of AoTDM and AoIP.
It is proposed to include above chapter 6.4 after discussion into the TR.
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