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1. Introduction

This document is a Pseudo-CR to 3GPP TR 23.889-1.0.0 "Local Call Local Switch System Impacts; Feasibility Study". 

2. Reason for Change
This contribution provides text to fill the currently empty clause of the TR mentioned in subclause 7.4.
3. Conclusion
Add a new solution for inter-BSS handover that establishes Local Switching.
4. Proposal

It is proposed to discuss and eventually include the following changes to 3GPP TR 23.889:

* * * First Change * * * *

7.4.2
Inter-BSS Handover that non Local Switch unchanged Solution 2: MSC-S-judged LCLS

It is assumed that a non-local call was established. When the oMS performs an Inter-BSS handover and the oMSC Server detects that the present call keeps non local call after handover, the oMSC Server shall inform the tMSC Server to update the information of the new RAN-ID, new oCall-Leg, and LCLS-Status after the handover completes.

.
7.4.X Inter-BSS Simultaneous Handover in Both Sides 
7.4.X.1
General
It is assumed that a non-local call was established. In this scenario, as shown in the Fig.7.4.X.1.1, the oMS performs an Inter-BSS handover to the tBSS, and the tMS handovers to a new tTargetBSS from the tBSS simultaneously. 

When the Handover required Message is received by the oMSC, it finds that the call is local, because it believes the tMS is in the tBSS (the information of tMS in oMSC has not been updated). If the LCLS is possible, the oMSC may informs the tBSS to establish the LCLS by including call leg information and LCLS indicator in the Handover Request message.

Because the tMS has handovered to tTargetBSS, so it fails to establish LCLS. The tBSS acknowledges the oMSC that the LCLS failure. The oMSC updates the remote side with New oRAN-id and New oCIC.

After tMS handover to tTargetBSS, the tMSC updates the remote side with New tRAN-id + New tCIC. When the new tRAN-id is received by the oMSC, it knows the correct status, and it does not trigger LCLS again before status changes.
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Figure 7.4.X.1.1 Inter-BSS Simultaneous Handover that Fail to Establish Local Switching Scenario
In a very special case, the CIC/Call ID of the tCall leg has been released, and this tCIC/tCall ID is re-assigned to another user immediately. In case the Handover Required message is received by the oMSC before the oMSC received updated information sent by the tMSC, the oMSC will consider the call is a local call according to the stored information which has not been updated, and sends HO Request message including the tCIC/tCall ID to tBSS.  It causes the tBSS to correlate two call legs. However those two calls are not a pair of calls.  As follow, three alternative solutions have been provided to avoid it.

7.4.X.2
Simultaneous Handover solution 1: Setting a timer to prevent LCLS
In this solution, the BSS needs to introduce a  new timer. And this timer is used to prevent the call which using the specific CIC/Call ID to be locally switched. The timer duration can be configured by operators.

The timer is triggered when a CIC/Call ID is released. If that CIC/Call ID is re-assigned to another call, before the timer is expired, the BSS needs to prevent the call which using that CIC/Call ID to be locally switched.

Figure 7.4.X.2.1 illustrates an Inter-BSS simultaneous handover call flow when LCLS is failure. New messages and new elements are marked in red color in the figure.
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 Figure 7.4.X.2.1 Inter-BSS Simultaneous Handover Call Flow when LCLS is failure
1. The tMS performs the Inter-BSS handover from tBSS to tTargetBSS.

2. After the handover completed, the tBSS releases the CIC/ Call ID of the circuit which connected to tMSC and sets a short-timer for the CIC/Call ID to protect the validity of LCLS. During the timer, the circuit status is protection. 

3. The oBSS initiates the Inter-BSS handover simultaneously. It sends a HANDOVER REQUIRED message including target LAI and target cell ID.

4. When the oMSC Server receives HANDOVER REQUIRED message, it can determine the target BSS by the target LAI and target cell ID that has to be mapped to Global RAN ID configured in oMSC Server. So the oMSC Server knows the RAN ID of the target BSS. The oMSC Server detects that this is local call according to the RAN ID of the target BSS and tRAN ID. It finds that the LCLS is possible because it still believes the tMS is in the tBSS according the stored information. So the oMSC informs the tBSS to establish  local switching with both party call leg information and LCLS indicator.
5. The oMSC Server sends “tCall Leg” and "LCLS Indicator" IEs to the tBSS in HANDOVER REQUEST.

6. The tBSS correlates the other party call leg when "tCall Leg" IE is present in the HANDOVER REQUEST. If the other party call leg circuit status is idle or protection, the tBSS shall reject LCLS. 

7. The tBSS reports “LCLS-ACK” in HANDOVER ACK to the oMSC which indicator failing to LCLS.

8-10. The oMS perform the handover from oBSS to tBSS;

11.
After both handovers complete, the oMSC and tMSC update each other with new oRAN-ID and new call leg information.

7.4.X.3
Simultaneous Handover solution 2: Ask Other Party MSC on A-Interface before LCLS
In this solution, the BSS asks the other side MSC whether the LCLS is permitted before performing the LCLS.

When an inter-BSS handover is initiated, the oMSC finds that the LCLS is possible. The oMSC informs the tBSS to establish the LCLS by including both party call legs information and LCLS indicator in Handover Request message, i.e. tCIC, oCIC,oMSC-ID and tMSC-id.
If the tBSS is success to finds the terminating side call leg according to the tCIC and tMSC-ID, the tBSS sends LCLS Notification message to tMSC including old oCIC and oMSC-ID in order to ask tMSC whether the LCLS is permitted.
The tMSC determines whether CICs and MSC IDs which included in the message are correct.. If not, the tMSC rejects the LCLS by sending LCLS Reject message.
When the tBSS receives the LCLS Reject message, it shall inform the oMSC that the establishment of LCLS is failure,

Figure 7.4.X.3.1 illustrates an Inter-BSS simultaneous handover call flow when LCLS is failure. New messages and new elements are marked in red colour in the figure.
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Figure 7.4.X.3.1 Inter-BSS Simultaneous Handover Call Flow when LCLS is failure

1. The tMS performs the Inter-BSS handover from tBSS to tTargetBSS.

2. The oBSS initiates the Inter-BSS handover simultaneously. It sends a HANDOVER REQUIRED message including target LAI and target cell ID.

3. When the oMSC Server receives HANDOVER REQUIRED message, it can determine the target BSS. So the oMSC Server knows the RAN ID of the target BSS. The oMSC Server detects that this is local call according to the RAN ID of the target BSS and tRAN ID. It finds that the LCLS is possible because it believes the tMS is in the tBSS according the stored information. The oMSC informs the tBSS to establish the LCLS with both party call leg information and LCLS indicator, i.e. old tCIC, old oCIC,oMSC-ID and tMSC-id..
4. The oMSC Server sends “old tCall Leg”, “old oCall Leg” and "LCLS Indicator" IEs to the tBSS in HANDOVER REQUEST.

5. If the tBSS successes to find the other party call leg when "tCall Leg" IE is present in the HANDOVER REQUEST. The tBSS  reports "LCLS-Ack" in HANDOVER REQUEST ACK to the oMSC Server.
6. The tBSS send LCLS Notification message to tMSC with old oCall Leg information in order to ask tMSC whether allows the LCLS to be performed.
7. The tMSC determines whether the old oCall Leg included in the LCLS Notification message is correct. 
8. If not, the tMSC rejects the LCLS by sending LCLS Reject message.
9. When the tBSS receives the LCLS Reject message, it shall inform the oMSC that the establishment of LCLS is failure. After oMS completes the handover, the tBSS send Handover Complete message to oMSC with the indicator of failing to establish LCLS.

10. After simultaneous handovers has completed, the oMSC and tMSC update each other with new oRAN-ID and new call leg information.

7.4.X.4
Simultaneous Handover solution 3: Nc Interface negotiation before LCLS
The main idea for this solution is that if the oMSC Server finds the LCLS is possible, it should ask the tMSC Server for the judgement with the new RAN-ID and new oCall-Leg information after handover. It is the tMSC to make the LCLS decision and indicate the tBSS to do the local switch.

It is assumed that a non-local call was established. When the oMS performs an Inter-BSS handover to tBSS, the oMSC Server identifies that the present call will be a candidate local call according to the LCLS information that it has.

After the oMS handover completion, the oMSC Server shall inform the tMSC Server to update the information of the new RAN-ID, new oCall-Leg, and LCLS-Indicator via INR message. If there’s neither required LI nor other supplement services that contradicts with LCLS, the oMSC Server asks the tMSC Server to establish the LCLS via the IE of LCLS Indicator.
If the tMSC Server finds the LCLS is feasible, then it shall indicate the tBSC to establish the local switch. The tBSC will notify the result to the tMSC Server. Then the tMSC Server sends INF message include the LCLS Status to the oMSC Server.

If the tMSC Server finds the LCLS is not feasible, then it shall reject the LCLS request directly to the oMSC Server.

In the case the tMS performs simultaneous handover when oMS handovers, the tMSC Server should be aware of the new tRAN-ID and could make the LCLS judgement when it receives the INR message from oMSC Server. If the tMS handovers to a third targetBSS, then the LCLS request is rejected by the tMSC Server, and the LCLS Status that carries the failure information is sent from tMSC Server to oMSC Server.

Figure 7.4.X.4.1 illustrates a simultaneous Inter-BSS Handover Call Flow scenario when LCLS is not established. In this case the oMS handovers to the tBSS, however the tMS handovers to the third targetBSS simultaneously. New messages and new elements are marked in red color in the figure.
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Figure 7.4.X.4.1: Simultaneous Inter-BSS Handover Call Flow
1-8.
The oMS handovers to the tBSS, while the tMS handovers to the third targetBSS simultaneously.
9.
After the oMS handover complete, the oMSC Server sends INR message to the tMSC Server, to inform the tMSC Server the information of the new RAN-ID, new oCall-Leg, and LCLS-Indicator.
10.
The tMSC Server makes the LCLS judgement based on the received LCLS information and the present tRAN-ID of the tMS. In this case, LCLS is not feasible.

11.
The tMSC Server notifies the failure of the LCLS to the oMSC Server via LCLS Status IE contained in the INF message. Based on that, the oMSC Server updates the remote end information with New oRAN-ID + New tCall-leg.
7.4.Y Inter-BSS Simultaneous Handover in Both Sides in case Handover to Same BSS Solution 1 : MSC-S-judged LCLS

7.4.Y.1
Technical description
It is assumed that a non-local call was established. In this scenario, as shown in the Fig.7.4.Y.1.1, the oMS and tMS perform handover simultaneously to the same BSS.
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Fig.7.4.Y.1.1 Inter-BSS Simultaneous Handover that Handover to Same BSS Scenario
After oMS handovers to TargetBSS, the oMSC considers the remote is in tBSS according the stored information. So oMSC does not inform TargetBSS to perform LCLS. This also is applied in tMSC for the same reason. And after handover, the oMSC and tMSC inform the new RAN-id and new CIC to each other.

After receiving the Update information, the oMSC and tMSC all know that the LCLS is applicable but do not apply because of handover simultaneously. At this point, there are several options to move next.

1). Do not perform LCLS. The advantage is that it is simplest.

2). Re-establish the LCLS, the oMSC or tMSC can re-perform the LCLS procedure, e.g. just the Origination side perform LCLS or Termination side do it.  This requires MSC do more work.

Figure 7.4.Y.1.2 illustrates an Inter-BSS simultaneous handover call flow when MSC trigger LCLS after handover complete. New messages and new elements are marked in red colour in the figure.
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Figure 7.4.Y.1.2 Inter-BSS Simultaneous Handover Call Flow when MSC Trigger LCLS after Handover Complete
1. The tMS performs the Inter-BSS handover from tBSS to tTargetBSS.

2. The oMS performs the Inter-BSS handover from tBSS to tTargetBSS simultaneously.
3. After handover, the oMSC and tMSC inform the new RAN-id and new CIC to each other.

4. After receiving the Updated information, the oMSC and tMSC all know that the LCLS is applicable but do not apply because of handover simultaneously. The oMSC can re-perform the LCLS procedure and sends Enable LS Request message to the TargetBSS with tCall leg information, i.e. tCIC and tMSC-ID.

5. The TargetBSS correlates both call legs by tCall leg information.

6. If there is no transcoding function in TargetBSS and the codec of both call legs are Incompatible, the TargetBSS perform the procedure described above in chapter 7.2.
7. When the local switching has been established,  the BSS shall also send a new message LCLS ESTABLISHED to inform the oMSC that the local switching has been established;

8. When the LCLS ESTABLISHED has been received by the oMSC Server, and then the oMSC Server shall inform the tMSC Server to update the information of LCLS-Status.

* * * Second Change * * * *

…….
7.5
Inter-MSC Handover Scenarios
7.5.X
Inter-MSC Simultaneous Handover in both sides

7.5.X.1
General
It is assumed that a non-local call was established. In this scenario, the oMS performs an Inter-MSC handover to the tBSS, and the tMS handovers to a new tTargetBSS from the tBSS simultaneously. 

When the Handover required Message is received by the oMSC, the oMSC Server may be unable to determine whether the present call will be a local call or not after handover. In order to establish potential Local Switching, the oMSC Server shall send the MAP-Pre-Handover Request message with both party call-leg informations and tRAN-ID to the target MSC Server. The target MSC finds that the call is local, because it believes the tMS is in the tBSS (the information of tMS in oMSC has not been updated). If the LCLS is possible, the target MSC may informs the tBSS to establish the LCLS by including call leg information and LCLS indicator in the Handover Request message.
Because the tMS has handovered to tTargetBSS, so it fails to establish LCLS. The tBSS acknowledges the target MSC that the LCLS failure.
The target MSC Server sends the MAP-Send-End-Sig Request message to the oMSC Server with the new oRAN-ID, new oCall-Leg, and LCLS-Established indicator. The oMSC updates the remote side with New oRAN-id and New oCIC.
After tMS handover to tTargetBSS, the tMSC updates the remote side with New tRAN-id + New tCIC. When the new tRAN-id is received by the oMSC, it knows the correct status, and it does not trigger LCLS again before status changes.
In a very special case, the CIC/Call ID of the tCall leg has been released, and this tCIC/tCall ID is re-assigned to another user immediately. In case the Handover Required message is received by the oMSC before the oMSC received updated information sent by the tMSC, the target MSC will consider the call is a local call according to the old tCall-leg  information, and sends HO Request message including the tCIC/tCall ID to tBSS.  It causes the tBSS to correlate two call legs. However those two calls are not a pair of calls.  As follow, three alternative solutions have been provided to avoid it.
7.5.X.2
Simultaneous Handover solution 1: Setting a timer to prevent LCLS

In this solution, when Handover Request message is received by the BSS from target MSC, it  needs to introduce a  new timer. And this timer is used to prevent the call which using the specific CIC/Call ID to be locally switched. The timer duration can be configured by operators. The detailed steps are described above in chapter 7.4.X.2 
7.5.X.3
Simultaneous Handover solution 2: Ask Other Party MSC on A-Interface before LCLS
In this solution, the BSS asks the other side MSC whether the LCLS is permitted before performing the LCLS.

When an inter-MSC handover is initiated, the target MSC finds that the LCLS is possible. The target MSC informs the tBSS to establish the LCLS by including both party call legs information and LCLS indicator in Handover Request message, i.e. tCIC, tMSC-id, oCIC and oMSC-ID.
If the tBSS is success to finds the terminating side call leg according to the tCall-leg information, the tBSS sends LCLS Notification message to tMSC including old oCall-leg information in order to ask tMSC whether the LCLS is permitted.
The tMSC determines whether old oCall Leg information which included in the message are correct. If not, the tMSC rejects the LCLS by sending LCLS Reject message.
When the tBSS receives the LCLS Reject message, it shall inform the target MSC that the establishment of LCLS is failure. The detailed steps are described above in chapter 7.4.X.3.
7.5.X.4
Inter-MSC Simultaneous Handover solution 3: Nc Interface negotiation before LCLS
The main idea for this solution is that if the MS performs Inter-MSC handover, the new targetMSC Server notifies the new LCLS information to the MSC server in the other side of the call. It is the MSC Server in the other side, who has the latest LCLS information, to make the local call decision and indicate the BSS to do the local switch if it is feasible.

It is assumed that a non-local call was established. When the oMS performs an Inter-MSC handover, the oMSC Server may be unable to determine whether the present call will be a local call or not after handover. In order to establish potential Local Switching, the oMSC Server shall send the MAP-Pre-Handover Request message with other party call-leg information and tRAN-ID to the target MSC Server. The target MSC Server shall detect whether the tRAN-ID and the target RAN-ID are identical or not; if they are identical, the target MSC shall send the Handover Request message with other party call-leg information to inform the target BSS.

After the oMS handover completion, the targetMSC Server shall inform the tMSC Server to update the information of the new RAN-ID, new oCall-Leg, and LCLS-Indicator via INR message. If there’s neither required LI nor other supplement services that contradicts with LCLS, the oMSC Server asks the tMSC Server to establish the LCLS via the IE of LCLS Indicator.
If the tMSC Server finds the LCLS is feasible, then it shall indicate the tBSC to establish the local switch. The tBSC will notify the result to the tMSC Server. Then the tMSC Server sends INF message include the LCLS Status to the oMSC Server.

If the tMSC Server finds the LCLS is not feasible, then it shall reject the LCLS request directly to the oMSC Server.

In the case the tMS performs simultaneous handover when oMS handovers, the tMSC Server sends the INR message to the ttargetMSC Server. Based on that, the ttargetMSC Server has the whole LCLS information at present. The ttargetMSC Server identifies if the call is local. If not, the ttargetMSC would not indicate the ttargetBSS to establish the local switch.

Figure 7.5.x.1.1 illustrates a simultaneous Inter-MSC Handover Call Flow scenario when LCLS is not established. In this case the oMS handovers to the otargetBSS, however the tMS handovers to another ttargetBSS simultaneously. New messages and new elements are marked in red color in the figure.
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Figure 7.5.X.1.1: Simultaneous Inter-MSC Handover Call Flow
1-14.
The oMS performs Inter-MSC handover to the otargetMSC and otargetBSS, while the tMS handovers to another ttargetMSC and ttargetBSS simultaneously.
15-16.
After the oMS handover complete, the otargetMSC Server initiates INR message to the tMSC Server via oMSC Server, to inform the tMSC Server the information of the new RAN-ID, new oCall-Leg, and LCLS-Indicator.
17-18.
The tMSC Server transfer the INR message to the ttargetMSC, who makes the LCLS judgement based on the received LCLS information and the present tRAN-ID of the tMS. In this case, otargetBSS and ttargetBSS are not the same, therefore LCLS is not feasible.

19-21.
The ttargetMSC Server notifies the current call information to the otargetMSC Server by INF message. The otargetMSC Server updates the remote end information with New tRAN-ID + New tCall-leg.
7.5.Y
Inter-MSC Simultaneous Handover in Both Sides in case Handover to Same BSS Solution 1 : MSC-S-judged LCLS
7.5.Y.1
Technical description
It is assumed that a non-local call was established. In this scenario, the oMS and tMS perform inter-MSC handover simultaneously to the same BSS.

After oMS handovers to TargetBSS, the oMSC and the target MSC consider the remote is in tBSS according the stored information. So target MSC does not inform TargetBSS to perform LCLS. This also is applied in tMSC for the same reason. And after handover, the oMSC and tMSC inform the new RAN-id and new CIC to each other.

After receiving the Update information, the oMSC and tMSC all know that the LCLS is applicable but do not apply because of handover simultaneously. At this point, there are several options to move next.

1). Do not perform LCLS. The advantage is that it is simplest.

2). Re-establish the LCLS, the oMSC or tMSC can inform target MSC to re-perform the LCLS procedure, e.g. just the Origination side perform LCLS or Termination side do it.  This requires MSC do more work.
If option 2 is selected, the oMSC or tMSC shall inform the target MSC to perform LCLS by Update LCLS-Status message with other party call leg information, the later detailed steps are described above in chapter 7.4.Y.
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