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The Proposed Mechanism for Local Switch
1. Introduction

1.1 Requirement Background

Transmission network is one of the important components of the wireless communication network. Lots of operators in different parts of the world meet the bottleneck problem of the transmission resource. The availability of the transmission resources between the radio access network and the core network has limited the deployment of the network, the operation and the development of the services. 
In some developing countries, the evolution of wireless network is much faster than that of the wire network. In Europe, for the legal reasons, the wire network can not be constructed strictly according to the requirement of operators. 

For islands, deserts, mountain areas and far rural areas, almost very operator faces the problem of high cost and long charge-off term for the transmission network.
In above scenarios, operators usually adopt micro-wave equipment, satellite relay or renting land transmission link etc. The requirement of reducing the cost of deploying and operating transmission network is fairly exigent, and Local Switch is one of effective solutions to solve the problem.

1.2 The Local Switch Framework
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Fig.1–1 The Illustration of Local Switch (The continuous line represents the voice data, and the dotted line represents the signaling.) 
1.2.1 Some definitions

· Local Call – If the two parties of a conversation (the calling party and the called party) are connected to the same BSS, we call the two calls “Local Calls”.

· Local Switch – For the Local Calls, the transmission links of the two parties are looped in the BSS. That is the voice data in the user plane do not go out of the BSS. By this way, the transmission resource of the relevant interface (A or Abis) could be saved.

· BTS Local Switch – the calling party and the called party are connected to the same BTS, or to the same BTS cluster. The transmission links are looped in a certain BTS. By establishing the BTS Local Switch, the transmission resources of A interface and Abis interface can be saved.

· BSC Local Switch – the calling party and the called party are connected to the same BSC, but not to the same BTS or the same BST cluster. By establishing BSC Local Switch, the transport resource of A interface can be saved.

· BSS Local Switch – BTS Local Switch or BSC Local Switch.

· To establish Local Switch –The procedure to locally switch two call parties
· To release Local Switch – The procedure to break the local loop and direct two call parties into core network.
1.2.2 BSC Dominated vs. MSC Dominated

Basically, there are two kinds of methods to manage Local Switch. One is that Local Switch is dominated by the BSC, and the other is Local Switch is dominated by the MSC.
The feature of the Local Switch dominated by BSC is that to establish or release local switch is totally controlled by the BSC and is transparent to the MSC. By adopting such solution, Local Switch is a proprietary feature of the BSS and will not impact the A interface which is a standard interface. 
There are two obvious disadvantages for this solution. One is that transmission resource of A interface cannot be saved after establishing Local Switch because the transport links between the BSC and the MSC is kept although no effective voice data are transferred. When the bearer type of A interface is TDM, this will waste the circuit resources. The other problem is that lots of supplementary services (e.g., Call holding, Multiparty-call, Explicit call transfer, Lawful interception, and etc.) cannot be effectively supported because the MSC does not know the involved calls have between locally switched. 

These two factors determine that the Local Switch dominated by BSC is not a general solution to meet the requirements of different deployment scenarios.
The feature of the Local Switch dominated by MSC is that MSC will determine whether to establish/release the local switch or not. Although the BSC can send the request to establish/release the local switch, the final decision is made by the MSC. By adopting this solution, the transmission resource of A interface can be totally released after establishing Local Switch. And various kinds of supplementary services could be effectively supported because the MSC will choose proper time to establish or release local switch. And this solution accords with the principle that call management should be in the charge of MSC.
If the local switch is controlled by the MSC, this will affect the procedures and messages defined for A interface. Thus, it is necessary to standardize the corresponding procedures and messages and the related 3GPP specifications should be updated.
1.2.3 The frame work of the Local Switch Dominated by MSC
For the MSC, it will not distinguish the difference between the BSC Local Switch and the BTS Local Switch. That is, it will the same procedure to establish/release the BSS Local Switch, while the BSC will know exactly which kind of Local Switch has been established / released; and the BSC can inform the MSC the result of Local Switch.

In order to control the locally switched calls, the SCCP link of the relevant call between BSS and MSC should be kept. If the MSC find that the SCCP link of a certain call has broken, it shall immediately indicate BSS to release the call. Therefore, after Local Switch, the transmission resource of the user plane of the A interface can be released, but the SCCP link should be kept to transport the related control signaling.
Because CSD services should be terminated in Core Network (CN), CSD services cannot be implemented Local Switch at present.

Because the main equipment “Conference Bridge” located in CN, VGCS cannot be implemented Local Switch at present.
1.3 The Analysis of Some Key Functions
1.3.1 MSC Function to Find out if Two Calls Connecting to the Same BSS
The MSC should keep and manage the information of all the cells belonging to which BSC. This information could be kept in the MSC as the configuration data.

During the assignment procedure, the MSC can determine which BSS the two calls camping in by analyzing the Cell-ID element in the COMPLETE LAYER 3 INFORMATION sent by the relevant BSS. And then, MSC can find out whether the two calls belonging to the same BSS.

During the handover procedure, the MSC can find out the target cell belonging to which BSC by analyzing the Cell-ID list element in the HANDOVER REQUIRED sent by the Old BSC. And then, MSC can find out whether the two calls belonging to the same BSS after handover.
Besides the above two methods, there could exist other mechanisms.

1.3.2 The Problem about Call Reference
For the convenience of the MSC, it is required to identify the two calls of a conversation.
In essence, the call reference is used to identify a leg of a conversation. It is a bearer-independent logical concept.

In the MSC, for each call, the MSC should record the call reference, the camped BSS and the status information about Local Switch. For example,

	Conversation ID
	Call Reference 1
	BSS 1
	Call Reference 2
	BSS 2
	Local Switch Status (No Local Switch/BTS/BTS Cluster/BSC)


In the BSS, the BSC should record all the calls that have been locally switched. The call is identified by Call reference.

	Conversation ID
	Call Reference 1
	Call Reference 2
	Local Switch Status (BTS/BTS Cluster/BSC)


2. Establishing Local Switch for the Ongoing Conversation
2.1 Requested by the MSC
When the two calls of a conversation belong to the same MSC (or, the MSC pool), and if the MSC finds that the two calls camping in the same BSS and are qualified for establishing Local Switch, MSC could indicate BSS to establish the Local Switch.
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Fig.2–1 The MSC Indicating the BSS to establish Local Switch
Just as Fig 2-1, the MSC sends LOCAL SWITCH COMMAND to BSS. After receiving this message, BSS perform the local loop operation for the two calls.
If Local Switch has been successfully established, the BSS sends LOCAL SWITCH COMPLETE to the MSC. After receiving this message, the MSC will clear all the CN resources related to these two calls.
If Local Switch cannot be established, the BSS sends LOCAL SWITCH FAILURE to the MSC. The user plane status of the two calls should be kept unchanged. After the expiry of the timer (TIMERLS01), the MSC may repeat the process of indicating BSS to establish Local Switch. After the maximum retrying times, the MSC shall give up.
2.2 Required by the BSS

When the BSS finds that the transmission resources are inadequate, e.g., the transmission bandwidth/links are not enough in Abis interface, the BSS could require the MSC to permit to establish Local Switch for all the qualified calls located in the BSS.
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Fig.2-2 The BSS requiring establishing Local Switch – The “one-by-one” mode
As shown in Fig.2-2, the BSS sends a connectionless SCCP message LOCAL SWITCH REQUIRED to the MSC. After receiving this message, the MSC will check all the calls camping in this BSS. Once the MSC find a pair of calls qualified for Local Switch, the MSC will indicate the BSS to establish Local Switch for these two calls by sending LOCAL SWITCH COMMAND to the BSS. After receiving the message, the BSS will perform the relevant operation and send the result to the MSC by LOCAL SWITCH COMPLETE or LOCAL SWITCH FAILURE.

If LOCAL SWITCH COMPLETE is received, the MSC will release the resources of the two calls in core network. Otherwise, if LOCAL SWITCH FAILURE is received, the current status of the two calls should be kept unchanged.
3 Releasing Local Switch for the Ongoing Conversation
For the two calls that have been locally switched, the Local Switch has to be released for the following reasons,
· The requirements of supplementary services (e.g., the multi-party call, ECT, Call Holding, Call Waiting, Legal Interception, etc.);
· One call has to be handed over out of the BSS, and then two calls do not camp in the same BSS anymore; 

· The codec of a call should be changed , and TC in core network has to be used; 

· OAM indicates to release Local Switch;
· Any other reasons.
Similar to establish Local Switch, to release Local Switch should be determined by the MSC, and then the MSC notifies the BSS to perform the operations. In some scenarios, the BSS might apply for release Local Switch and the final decision is still made by the MSC.
3.1 Requested by the MSC
Usually, the reason of MSC requesting to release Local Switch will be the requirements of supplementary services. In order to implement the supplementary service, the related two calls have to be directed into the core network.
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Fig.3–1 The MSC Indicating to Release the Local Switch for the Ongoing Conversation

In Fig.3-1, after allocating the core network resources for the two calls, the MSC sends the LOCAL SWITCH COMMAND (with releasing Local Switch indication) to the BSS to indicate to release Local Switch.
Once receiving the command to release Local Switch, the BSS will try to clear the local loop and direct the two calls into the core network. If it is successful to release Local Switch, the BSS will send LOCAL SWITCH COMPLETE to the MSC to indicate the result. The MSC will change the status of the two calls into “No Local Switch”.
If the BSS cannot release Local Switch, the BSS will send LOCAL SWITCH FAILURE to the MSC. After receiving this message, the MSC could 

· Repeat the procedure by sending LOCAL SWITCH COMMAND after the expiry of a timer (TIMERLS05). After trying the maximum times, the MSC could give up indicating the BSS to release the Local Switch, or the MSC could indicate the BSS to release the two calls.
OR

· Directly indicate the BSS to release the two calls.
3.2 Required by the BSS

In handover scenario, the BSS might require to release the Local Switch. For example, the BSS find that the codec of a call has to be changed and the TC located in core network will be used. The BSS might apply for releasing the Local Switch.
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Fig.3–2 The BSS Requiring Releasing the Local Switch of the Ongoing Conversation – MSC Permitted
The BSS indicates the MSC to release the Local Switch by sending RELEASE LOCAL SWITCH REQUIRED.
After receiving this message, the MSC will execute the “Releasing Local Switch Requested by MSC” procedure as shown in Fig.3-2. 
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Fig.3–3 The BSS Requiring Releasing the Local Switch of the Ongoing Conversation – MSC Rejected
When receiving RELEASE LOCAL SWITCH REQUIRE message from the BSS, the MSC can reject this requirement (e.g. if the transmission resource of A interface is not enough). At this time, the MSC will send RELEASE LOCAL SWITCH REQUIRED REJECT to the BSS. 

After receiving this message, the BSS can repeat to send RELEASE LOCAL SWITCH REQUEST to the MSC after the expiry of a timer (TIMERLS07). The BSC should give up retrying after the maximum retrying times. 

Or, the BSC can directly send CLEAR REQUEST to the MSC to ask for releasing the two calls after receiving RELEASE LOCAL SWITCH REQUIRED REJECT.
4. Other Problems

4.1 The Influence of Transcoder Position to Local Switch

The position of transcoder (TC) will affect the MSC to make the decision whether to establish Local Switch.

If the two calls are not TrFO and the required TC resource located in core network, the MSC will not order the BSS to establish Local Switch.

If the two calls are not TrFO and the required TC resource located in BSS, the MSC could order the BSS to establish Local Switch.

If the two calls are TrFO, the MSC could order the BSS to establish Local Switch no matter where TC is located.
4.2 The influence of bearer type of the user plane of A interface to Local Switch

The type of the user plane of A interface (TDM/IP) will not affected the defined procedures in this solution. That is, all the procedure defined in this solution could be implemented in TDM or IP scenario.

The differences exist in the information elements of the corresponding BSSMAP messages. For TDM, the relevant CIC is indicated. For IP, the relevant IP endpoints are indicated.
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