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1 Introduction

A Work Item for Local Call Local Switch has been agreed at GERAN#41 [1], with the goal to standardize procedures, messages and information elements on the A interface to enable local switching in the BSS of the user plane of “BSS-internal” CS voice calls.
To support local switching in the BSS a number of issues, partly already identified in the Work Item description, need to be addressed:

· First of all, the two legs of the call need to be correlated, i.e. the entity which finally triggers the local switching needs to know who is talking to whom. This information is available at the MSC, and can be passed to the BSS. So the local switching solution definitely needs to be “MSS-assisted”.
· Secondly, even if a call is BSS-internal, there is some user plane information that needs to be received via the Core Network, the most important being the ringback tone at call setup. This means that local switching should not be activated immediately, but only after the call is finally connected. Or at least the ringback tone should still be conveyed from the Core Network to the calling party, even if a local connection is created between the calling and the called parties. The information that a call is finally connected is also available at the MSC, and could be passed to the BSS. 

· Then, even if a BSS-internal call is locally switched in the BSS (after the call is connected), there might be reasons to interrupt the local switch during the call and forward the user plane to the Core Network. This might happen when some supplementary services (e.g. Multiparty Call, Explicit Call Transfer, etc.) are activated during the call. The knowledge that some supplementary services are activated is also available at the MSC, and can be passed to the BSS to command the release of the local switch.

· One special case of BSS-internal calls for which user plane needs to be sent to the Core Network throughout the call is when the call involves at least one user which needs to be intercepted, i.e. for which the Lawful Interception feature is active in the Core Network. Also this information (i.e. that the user plane of a BSS-internal call needs to be forwarded to the Core Network) can be passed from the MSC to the BSS. Note that this does not necessarily mean that local switching cannot/ should not be established in the BSS (see Section 3.5).
· At least for the case of AoIP without Transcoders in BSS, local switching in the BSS shall only be possible if the same or compatible Codec Types and Codec Configurations are used on the two legs of the call. Especially in this scenario it shall be up to the MSC to ensure that same or compatible Codec Types and Codec Configurations are offered on the two legs of the call.
· Finally, since the possibility and the usefulness of establishing local switching (e.g. by creating a direct communication between the involved BTSs, or by switching the call in the BSC) is directly linked to the BSS network topology, the final decision whether to trigger (and/or subsequently release) local switching – after all the assistance received by the MSC – needs to remain in the BSS. In conclusion, the decision to establish local switching needs to be “BSS-controlled”. This decision should be explicitly indicated to the MSC (see section 3).

The objectives of the Work item can then be fulfilled by defining a solution where the decision to establish local switching is “MSS-assisted, BSS-controlled”.

In particular, the impacts of a solution for Local Call Local Switch to the A interface control plane specification are related to the definition of new/modified BSSMAP messages for the following procedures:
· Correlation of the two legs of the call at the BSS (see Section 2)
· LS Enabling (MSC task) and LS Establishment (BSS task) (see Section 3)
· LS Release (MSC and BSS task) (see Section 4)
Regarding the A interface user plane specification, the proposal is to only define changes for AoIP, i.e. to only support bandwidth savings for AoIP (see Section 3).

2 Correlation of the two legs of the call at the BSS
When a mobile station originates a call, the BSC currently has no information about the identity of the called party, and whether it is located in the same BSS area or not. The call is always controlled by the MSC that also establishes a circuit (for AoTDM, identified by a Circuit Identity Code – CIC) or an IP connection (for AoIP, identified by a Call ID) towards the BSS where the call is originated and another circuit (with another CIC) / IP connection (with another Call ID) towards the BSS where the call is terminated. In case the calling and the called parties belong to the same BSS, two circuits (or two IP connections, or even one circuit and one IP connection) are established between the BSS and the MSC.

To support the Local Call Local Switch feature a mechanism is needed to allow the correlation of the two legs of the call in the BSS. In other words, for all the BSS-internal calls, the BSS needs to associate the CIC / Call ID of one leg of the call to the CIC / Call ID of the other leg.

This is possible by reusing existing messages. For instance this can be enabled by the addition of an optional information element containing “Other party information” to the messages that establish a new circuit / IP connection between the MSC (MGW) and the BSC. The messages where the optional field needs to be added are at least the ASSIGNMENT REQUEST (for call setup) and the HANDOVER REQUEST messages (for incoming inter-BSS handovers).

The “Other party information” information element would only be included by the MSC in the messages that establish a new circuit / IP connection with a given BSS when it knows that such circuit / IP connection is meant to terminate a local CS call, i.e. a CS call for which another circuit / IP connection has already been established by the MSC towards the same BSS. 
The “Other party information” would then consist in one of the following information elements:
· a CIC, if the “other party” is using an AoTDM interface.
· a Call ID, if the “other party” is using an AoIP interface.
When the messages establishing the new circuit / IP connection are received and acknowledged by the BSS, the BSS would be able to correlate the two legs and be ready to optionally to establish local switching, after the call is finally connected (see next Section) and, at least for the case of AoIP without Transcoders in BSS, if the same or compatible Codec Types and Codec Configurations are used on the two legs of the call.
3 LS enabling and LS establishment procedures
3.1 Call setup

Even if the BSS receives the information that a call is BSS-internal when the second leg of the call is established, in order to ensure that the ringback tone can be transferred to the calling party, the BSS needs to receive an explicit message from the MSC that the call is connected before establishing local switching. 

One possibility is therefore to introduce a new “Local Switching Enabled” BSSMAP message (MSC -> BSS) to notify the BSS that the call is connected and that local switching can be triggered. The MSC should send this message to the BSS at the same time it sends a DTAP CONNECT message to the calling party.  This message could be sent on the SCCP connection of the calling party, of the called party, both of them, or it could also be a SCCP connectionless message (details are FFS), provided it includes the CIC/Call ID of both legs of the call.
After the reception of the “Local Switching Enabled” message the BSS can decide to trigger local switching in BSS, informing the MSC via a new “Local Switching Established” message (BSS -> MSC), only if local switching has been finally established. Also the details of this message (i.e. which SCCP connection to use) are FFS. 
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Figure 1. Local Switching establishment at call setup

Alternatively, it is also possible to define a solution where the BSS decides to trigger local switching in BSS even without receiving an explicit indication that the call is connected, provided that the ringback tone is still conveyed from the Core Network to the calling party (even if a local connection is already established between the calling and the called parties). Still, a “Local Switching Established” message (BSS -> MSC) would be needed, to inform the MSC.
3.2 Incoming Inter-BSS handovers 

Differently from the call setup case, during incoming inter-BSS handovers, if the HANDOVER REQUEST message indicates - in the Other party information IE – the CIC (or the Call ID) of a circuit (or an IP connection) already established in the BSS, the BSS can decide to establish local switching and send the corresponding “Local Switching Established” message to the MSC as soon as the handover has been completed.
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Figure 2. Local Switching establishment during inter-BSS handovers
3.3 Intra-BSS handovers 

If local switching can be maintained by the BSS during intra-BSS handovers, no additional signaling exchange is needed between the BSS and the MSC: when receiving the Handover Performed message, the MSC shall assume that local switching is still in place. Section 4 addresses the scenario when local switching cannot be maintained during such handovers.

3.4 Impacts to the A interface user plane

Establishing local switching means that either the call is switched in the BSC or a direct communication is created between the involved BTSs. In any case the effect is that some resources on the BSS internal interfaces (Abis and Ater) can be saved. The specific solution could be based on BSS network topology and shall remain implementation specific. 

The only user plane aspects that need to be standardized are the ones affecting the A interface. To minimize changes to existing AoTDM deployments and to ongoing AoIP implementations, it is proposed to keep the impact to the A interface user plane handling as low as possible:
· For AoTDM, it is suggested that no changes to the A interface user plane handling will be defined. Even if a call is (temporarily) locally switched, the two corresponding circuits shall always remain active, meaning that bandwidth savings on the A interface for locally switched calls shall not be possible (of course savings will be realized on the Abis/Ater interfaces). While a call is locally switched, the TRAU will send some silence codeword on the A interface.
· Also for AoIP, the two IP connections towards the MSC shall always remain active, i.e. the corresponding IP endpoints shall not be released. Simply it can be specified that, while a call is locally switched, the MSC (MGW) shall not expect to receive data through them (details are FFS). This is the main reason for defining a “Local Switching Established” message: to inform the MSC (and then, e.g. via H.248, the MGW) that user plane transmission on the AoIP interface is suspended.
· For the mixed AoTDM-AoIP case (one leg of the call using AoTDM, the other using AoIP) the proposal is again to keep the circuit and the IP connection active throughout the call. Whether user plane data is sent on the IP connection while the call is locally switched could depend on the presence or not of a Transcoder in the BSS for this leg of the call (FFS).
3.5 Support for Lawful Interception

In order to allow support for the Lawful Interception feature in the Core Network, user plane data for CS voice calls to be intercepted needs to be conveyed to the Core Network, even if the calls are local. 
Two solutions are possible, and both of them could be specified.
The default solution is that whenever the MSC is aware that a local call needs to be intercepted it shall not provide the correlation information to the BSS (i.e. it shall not include the Other Party information in the ASSIGNMENT REQUEST and the HANDOVER REQUEST messages). This will prevent local switching to be established in the BSS. 
The problem of this solution is that it might not be possible to maintain the same end user perception in all the cases, in terms of end-to-end speech delay. The delay will vary between “not locally switched, intercepted local calls” and “locally switched, non-intercepted local calls”. This could be a problem in some scenarios where the Local Call Local Switch feature would be very useful, i.e. whenever a satellite backhaul is used to connect a group of BTSs to the BSC/MSS. In this case the delay of a locally switched call will be ~600ms shorter than for a normal call, and this difference would be easily noticed by the end user.

Alternatively, it is possible to define a solution enabling local switching also for intercepted calls, with the goal to maintain the same end user perception in terms of end-to-end speech delay. This can be achieved if the user plane data is both locally switched and forwarded to the Core Network as well, while user plane data coming from the A interface is dropped at the BSS side. In order to support this, from standardization point of view it is sufficient to introduce a conditional “Bi-casting required to the MSS” Information Element besides the newly defined “Other party information” IE in the ASSIGNMENT REQUEST and HANDOVER REQUEST messages (or alternatively in the “Local Switching Enabled” message). 

Also this solution is not completely bulletproof because some sort of indirect indication that a call will be intercepted will be available in the BSS (while this kind of information is currently not present at the BSS).
The proposal is to standardize support for both approaches, so that the most suitable one can be adopted for each specific case.
4 LS release procedures

There can be several reasons why local switching of a BSS-internal call needs to be released:
· Outgoing Inter-BSS handovers and, for AoIP, also BSS internal handover procedures due to incompatible Codec Type or Codec Configuration. This scenario can be supported without defining additional procedures on the A interface. The user plane data flow towards the MSC (or MGW) would be restarted by the BSS as soon as the outgoing inter-BSS handover (or BSS internal handover due to incompatible Codec Type or Codec Configuration) is performed.
· Activation of a Supplementary Service that requires forwarding the user plane to the Core Network. This is in control of the MSC which can issue a “Local Switching Release Command” message (MSC -> BSS), acknowledged by a “Local Switching Release Complete” message (BSS -> MSC). Details of these messages (i.e. which SCCP connection to use) are FFS.
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Figure 3. Local Switching release (MSC initiated)
· All intra-BSS handovers where maintaining local switching is not practical, possible or useful. In this case an unsolicited “Local Switching Release Complete” message (BSS -> MSC) can be used to inform the MSC that user plane transmission on the A interface is re-established.
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Figure 4. Local Switching release (BSS initiated)
5 Conclusion
A possible “MSS-assisted, BSS-controlled” solution to support local switching in GERAN networks has been presented. 
It is proposed to endorse the corresponding list of principles and procedures in the definition of the Stage 3 details of the Local Call Local Switch Work Item:
· The MSC shall provide the information to correlate the two legs of the call to the BSS, e.g.  in the ASSIGNMENT REQUEST and the HANDOVER REQUEST messages
· At call setup, the MSC shall explicitly allow the BSS to trigger local switching after the call is finally connected (to support the ringback tone). Alternatively, it can be specified that the BSS may autonomously trigger local switching even without receiving an explicit indication that the call is connected, provided that the ringback tone is still conveyed from the Core Network to the calling party.
· The BSS shall take the final decision whether to establish or not local switching and shall correspondingly inform the MSC.

· The MSC shall command the BSS to release local switching in case of some supplementary services that require forwarding the user plane to the Core Network
· The BSS may autonomously release local switching at any time, informing the MSC

· It shall be possible for the MSC to indicate that the user plane of a given local call can be locally switched, but needs to be forwarded to the Core Network as well.
· No changes shall be defined to the AoTDM user plane: the circuits shall always remain active during the call.
· Possible changes may be introduced to the AoIP user plane: the IP endpoints shall remain active during the call, but user plane transmission may be suspended while a call is locally switched.
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