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1. Introduction
The TR now contains a table of IEs for both CN and A interfaces but the TR core text has not yet been aligned with the agreed names and meanings.
2. Reason for Change
The LCLS-Preference IE has been renamed LCLS-Configuration for the A interface and defines the negotiated connection configuration when LCLS is active. This IE is separate from the LCLS Correlation Request IE which may be switched on and off depending on the call scenario/supplementary service etc. LCLS status is defined as LCLS-BSS-Status for the status reported from the BSS and is thereby differentiated from the LCLS-Status reported between CN nodes. 
3. Conclusions

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889 v1.4.0.
13.3
Handover Scenarios

13.3.1
Basic handover solutions

<this contains example handover flows based on GCR+BSS ID and then any options for LCLS handover and related analysis for options not specific to call leg correlation>

The following sequences describe handover scenarios using GCR+BSS ID as an example. General requirements and principles from clause 7 shall be followed. Details pertaining to specific correlation methods are described in subclauses 13.3.2, 13.3.3, 13.3.4.

13.3.1.1
Inter-BSS Handover when LCLS is broken

13.3.1.1.1
Inter-BSS Handover when LCLS is broken and CN User Plane is de-activated During LCLS

13.3.1.1.1.1
Connection Model

Figure 13.3.1.1.1.1.1 shows the network model for the Intra-MSC Inter-BSS GSM to GSM Handover, where call leg MS-1 is handed over from BSS-1 to the Target BSS. BSS-1 is the same as BSS-2 when LCLS is established for the call. The bearer termination T2 is used for the bearer towards BSS-2, which is not affected by this handover. Bearer termination TS is used for the bearer towards BSS-1 and the bearer terminations T1 and TA are used for the bearer towards the succeeding/preceding MGW. Bearer termination TT is for the bearer termination towards the Target BSS. The colours and line types used in the figure are defined differently from 3GPP TS 23.205 [8] to indicate LCLS specific issues.
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Connection Model 1: The call is locally switched and the CN MGWs are set to "inactive"
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Connection Model 2: MGW-1 is set to active and both-way connected between Ta and Tt, Ts is isolated. BSS-2 starts to bicast data UL. 
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Connection Model 3: MS has moved to Target BSS but HO Detect has not yet been received by MSC-1
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Connection Model 4: LCLS is released in BSS-2, old serving Termination Ts is removed.

Figure 13.3.1.1.1.1.1: Inter-BSS Handover Connection Model when LCLS is broken and CN User Plane is de-activated during LCLS

13.3.1.1.1.2
Basic Sequence for inter-BSS Handover that breaks LCLS and CN User Plane is de-activated during LCLS
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Figure 13.3.1.1.2.1: Inter-BSS Handover that terminates Local Switching (local switching break indicated by BSS)

1.
HO Required is received from BSS-1 requesting an inter-BSS handover. The call is currently locally switched so the MSC can know that an inter-BSS handover at one end will break local switch but in this sequence the local switch is not broken in serving BSS until MS-1 has moved out of the BSS and MSC-1 sends clear command.

2.
Anchor MSC-1 re-activates the User Plane at its MGW-1 towards the next CN MGW and connects a new leg to the Target BSS and through-connects it bothway to Ta. Additionally it isolates the old serving Termination Ts. This makes the handover much more efficient than even current non-LCLS handover as immediately the MS-1 moves into the new BSS it will be able to send UL user data to MS-2.

3.
Anchor MSC sends HO Request to Target BSS with GCR and LCLS-ConnectionStatusControl indicating "connect" to through-connect the local call and LCLS-Configuration indicating what was previously negotiated (e.g. LCLS both-way permitted). If BSS ID check is supported the MSC may additionally indicate if call leg correlation is needed or not, otherwise for GCR only solution the correlation request shall always be "correlate" for handover messages.
4.
Target BSS returns acknowledgment and also indicates that call is not local, LCLS not feasible.

5.
Anchor MSC signals break in LCLS to far end, also alerting any nodes in the path that they must re-activate their User Plane. The new target BSS ID is also signalled to the far end MSC if BSS ID check is supported

5a.
Far end MSC re-configures its MGW connections to be active.

5b.
Far end MSC requests BSS-2 to start sending data UL, see Figure 13.3.1.1.1.1.1 Connection Model 2. This triggers the BSS to bicast user plane data in the same way as the Access MGW would be doing in a non-LCLS inter-BSS handover. At this point the BSS shall send any DL data it receives directly to the served MS. Since the BSS cannot receive DL data at the same time as it receives local data (Ts is isolated) this will minimise the break in user plane data even more than for existing non-LCLS handover.

NOTE1:
It is also possible that the bicasting is initiated autonomously by the serving BSS when it receives HO Command but this is potentially later than step 5b and thus could increase the break of user data after the MS-1 moves. It could be optional to perform step 5b and so the BSS performs bicasting when it receives HO Command unless it receives an explicit request to bicast early.to minimise breaks in speech.  The Serving BSS shall forward user plane data from MS1 to MS2 while MS1 is served by the BSS. The UL user plane data are bi-cast to both MGW2 and local path by the BSS-2, as described in subclause 12.4. The MGW-2 transmits the user plane data to the MGW-1, and the MGW-1 will transmit the user plane data to the target BSS. When the MS1 leaves the serving BSS and begins sending UL data from the Target BSS, that data will then be received via the A-interface leg at the serving BSS-2. 

6.
Anchor MSC triggers HO command. If the BSS is not explicitly requested to start UL bicasting this shall occur at this point (from the call leg that does not perform the handover). When MS-1 moves to Target BSS it can immediately send UL data through the CN to MS-2 and also receive DL data from MS-2 via the CN since the MGW-1 topology for Ta, Tt is already bothway connected. This is a change from the current non-LCLS solution but is more efficient since the non-LCLS solution needs to set this to one-way DL only until it receives HO Detect..

7.
MS is detected at target BSS-1'. BSS1/BSS2 may continue to signal user plane data locally until Clear Command is received.

NOTE: 
this flow shows the Termination to the Target BSS as always connected bothway. This is a change to the existing call handling which would normally connect the termination as one-way and then change to bothway after receiving HO Detect. It is FFS whether this procedure should be adopted or the existing procedure used, however the termination does not need to be connected one-way and will in fact make the break in speech worse since UL data cannot be sent from MS-1 until the MGW topology is modified, also it saves the additional intermediate H.248 modification step.

8.
Handover Complete.

9.
MSC-1 requests old serving BSS-1 to clear old call leg. BSS-1 now stops sending local user data from MS-1, LCLS is finally broken.

10a, 10b.

 Serving BSS informs MSC Servers that LCLS is broken via LCLS-Notification.

NOTE:
It is FFS if 10a is needed since Clear Complete indicates that LCLS is disconnected.

11.
Clearing of old call leg to Serving BSS.

12.
MGW Termination to old serving BSS-1 removed from Access MGW.

13.
Anchor MSC informs succeeding CN nodes that LCLS is finally disconnected.

LCLS is impossible after an Inter-BSS handover which makes the call not local (as described above). While a handover is being performed for one call leg, it is possible that a handover also is started for the other call leg, possibly moving both call legs to the same BSS, thereby creating a local call. The target BSS shall only establish LCLS for a local call when both call legs are connected and e.g. any handover process has been successfully completed on both call legs.

13.3.1.1.1.3
Pros and Cons of Intra-BSS Handover with BSS informing CN when LCLS is broken

Pros:
-
LCLS is not broken if inter-BSS handover fails, BSS controls when LCLS needs to be re-established in CN.-

Cons:
-
No user plane connection established/activated in CN at time when serving BSS indicates LCLS broken resulting in potential worsening of break in speech.

Editor's Note: 
the above pros and cons are not related to the latest above description of the solution and need to be updated.
13.3.1.1.2
Inter-BSS Handover with CN determining when LCLS is broken

13.3.1.1.2.1
Connection Model

Editor's Note:

connection model needs to be added in future contribution

13.3.1.1.2.2
Basic Sequence
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Figure 13.3.1.1.2.1.1: Inter-BSS Handover that terminates Local Switching (local switching break indicated by BSS)

1.
HO Required is received from BSS-1 requesting an inter-BSS handover. The call is currently locally switched so the MSC knows that an inter-BSS handover at one end will break local switch.

2.
Anchor MSC signals break in LCLS to far end, also alerting any nodes in the path that they must re-active their User Plane. The new target BSS ID is also signalled to the far end MSC.

3a.
Anchor MSC re-activates the User Plane at its Anchor MGW and configures the MGW as for normal inter-BSS handover, e.g. connects a new leg to the Target BSS and activates the user plane to both serving and target BSS.

3b.
Far end nodes activate user plane connections, user plane is re-established from serving BSS to far end. Note, it is still possible for the serving BSS to remain in LCLS and bicast user-plane data up until the point where the MS is detected in the target BSS.

4.
Anchor MSC sends HO Request to Target BSS with GCR, LCLS-Configuration and LCLS-ConnectionStatusControl indicating "connect"and if BSS ID check supported LCLS-Correlation-request indicating call leg correlation do not required. Note that for GCR only solution the LCLS-Correlation-request shall always be "correlate" for handover messages.
5.
Target BSS returns acknowledgment and also indicates that call is not local, LCLS not feasible.

6.
Anchor MSC triggers HO command.

7.
MS is detected at target BSS.

8.
Handover Complete (MSC shall also release MGW connections to old serving BSS).

13.3.1.1.2.3
Pros and Cons of Intra-BSS Handover with BSS informing CN when LCLS is broken

Pros:
-
LCLS is broken immediately Serving MSC knows that call is no longer intra-BSS. 

-
CN user plane is re-established prior to handover being executed so normal signalling sequences including MGW control procedures are followed.

Cons:
-
If inter-BSS handover is not successful and MS reverts back to serving BSS then LCLS may need to be re-established.

13.3.1.1.3
Inter-BSS Handover when LCLS is broken if user plane active. 
13.3.1.1.3.1
Connection model

This solution is based on all user plane links are kept and the BSS may sends SID frames or nothing to CN when LCLS is established.
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Connection Model 1 Before triggering handover
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Connection Model 2 applies from step2 to step5 in Figure 13.3.1.1.3.2.1
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Connection Model 3 applies from step6 in Figure 13.3.1.1.3.2.1

[image: image14.emf]MSC-1

MS-1

MS-2

BSS-1/

BSS-2

Target 

BSS

MSC-2

MGW-1

MGW-2

T

A

T

S

 

T

T

T

1

T

2

During Handover

HO Command is received by the 

MS-1, and it is now connected to 

target BSS but MSC1 has not 

received HO Detect.


Connection Model 4 applies from step7 to step8 in Figure 13.3.1.1.3.2.1
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Connection Model 5 apply from step9 to 14 in Figure 13.3.1.1.3.2.1
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Connection Model 6 handover completed

Figure 13.3.1.1.3.1.1: Inter-BSS Handover when LCLS is broken if user plane active 

13.3.1.1.3.2
Basic Sequence



[image: image18.emf]MS-1 MSC-1 BSS-2 BSS-1 MS-2 MSC-2

1. HO Required

3. HO Request+ GCR + LCLS-ConnectionStatusControl= Connect, 

LCLS-Configuration, [LCLS-Correlation-request]

4.HO Request Ack(+ LCLS-BSS-Status: Call not 

possible to be locally switched)

6. HO CMD

TargetBSS

Locally Switched User Plane in the BSS

8. HO Detect

13a.LCLS_NOTIFICATION(LCLS-Status = "locally 

switched call is no longer locally switched")

13b.LCLS_NOTIFICATION(LCLS-

Status = "locally switched call is no 

longer locally switched")

MGW-1

MGW-2

11. LCLSStatus Update: APM [LCLS Status = LCLS disconnected], tBSS ID 12. Clear Command

Break 

local 

switching 

14. Clear Complete

Normally Switched User 

Plane

15. SUB. request T

S

2. TopDescr({*,Tt, isolate}, {Ta,Tt,oneway})+ADD.request (Tt)

TopDescr()+ADD.reply (Tt)

5. MOD.request 

(Tt)

MOD.reply (Tt)

7. HO CMD

9. TopDescr({Ta,Ts,oneway}, {Ta,Tt,bothway})

10. HO complete + LCLS-BSS-status = Call not possible to be 

locally switched

TopDescr()

SUB. request T

S

Reserve Circuit/Reserve RTP Connection Point,

Change Flow Direction

Modify Bearer Characteristics/

Configure RTP Connection Point

Change Flow Direction

Release termaination


Figure 13.3.1.1.3.2.1: Inter-BSS Handover when LCLS is broken if user plane active

1.
HO Required is received from BSS-1 requesting an inter-BSS handover. The call is currently locally switched so the MSC can know that an inter-BSS handover at one end will break local switch.
2.
The MSC-1 uses the Change Flow Direction procedure to request the MGW-1 to set the Handover Device to initial state. And then Ta to Tt is Oneway, and Ta,Ts is still both-way.
3.
MSC-1 sends HO Request to Target BSS with GCR, LCLS-Configuration and LCLS-ConnectionStatusControl  = connect. If BSS ID check is supported then LCLS-Correlation-request = "do not correlate" may also be sent. Note for GCR only the LCLS-Correlation-request shall always be set to "correlate" for handover messages..
4.
Target BSS returns acknowledgment and also indicates that call is not local, LCLS not feasible. 
5.
If the assigned GSM Channel coding properties differ from the previously provided ones the MSC-1 provides the MGW-1 with the assigned GSM Channel coding properties using the Modify Bearer Characteristics procedure
6.
MSC-1 triggers HO command to BSS-1.
7.
BSS-1 sends handover command to MS-1. BSS-1 will discard incoming user plane data sent to MS-1 received from CN. BSS-2 starts bi-casting UP user plane data generated by MS-2 to local path and A interface, meanwhile, starts to check whether incoming data received from CN is SID frames or not/whether there has DL user plane data.

NOTE: 
there is no situation where BSS-2 will receive real DL user plane data from the CN at the same time as it receives local data from MS-1 as part of the handover. 
8.
 MS-1 is detected at target BSS. But still no UL data can be sent from target BSS to MGW-1 because Ta-Tt is one-way DL only. MGW-1 will continue to transmit DL user plane data to the target BSS. BSS-1 continues to send UL SID frames/nothing to the MGW. BSS2 continues to bi-cast UP user plane data to both local path and A interface.
9.
The MSC-1 uses the Change Flow Direction procedure to requests the MGW-1 to set the Handover Device to intermediate state: Tt-Ta is set to bothway and Ta. Then BSS-2 finds incoming DL user plane data received from CN is not SID frames/BSS-2 finds there has DL user plane data, then the BSS-2 will transmit DL user plane data received from CN to the MS-2.
10.
Handover Complete is received from target BSS with LCLS-BSSstatus.
11.
LCLS status Update with target BSS ID and LCLS status is sent from MSC-1 to MSC-2.

12.
MSC-1 requests BSS-1 to clear old call leg. 

13a, 13b.
Serving BSS informs MSC Servers that LCLS is broken via LCLS-Notification.
NOTE: 
whether 13a and 13b are needed is FFS

14.
BSS-1 informs MSC-1 the resource for the MS-1 has been released and also BSS-2 stops bi-casting.

15.
The MSC-1 requests the MGW-1 to set the Handover Device to its final state by removing the bearer termination towards the BSC-1, using the Release Termination procedure.
13.3.1.1.4
Conclusions on Inter-BSS Handover that breaks Local Switching

13.3.1.2
Inter-BSS Handover that establishes Local Switching

13.3.1.2.1
Connection Model
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Connection Model 1: User plane connected and active through the CN.
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Connection Model 2: Anchor MGW is bicasting, MS-1 has not yet been detected by Target BSS
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Connection Model 3: Handover is complete and local call established and through-connected.

Figure 13.3.1.2.1.1: Inter-BSS Handover Connection Model when LCLS is established

13.3.1.2.2
Basic Sequence
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Figure 13.3.1.2.2.1: Inter-BSS Handover establishes Local Switching
1.
HO Required is received from BSS-1 requesting an inter-BSS handover. The call is currently not locally switched. 

2.
Anchor MSC checks that LCLS negotiation permitted LCLS in CN. If Anchor MSC supports check of intra BSS calls it performs this check using target BSS ID (see 13.3.2 or 13.3.3 for more details).

3.
Anchor MSC reserves new Termination for Target BSS and configures this as a one-way connected to Anchor Termination (as per existing handover procedures).

4.
Anchor MSC performs HO request to target BSS with GCR and LCLS-ConnectionStatusControl set to "connect" and  LCLS-Correlation-request set to "correlate" and LCLS-Configuration set to what was previously negotiated (e.g. LCLS both-way connect).

5.
The target BSS performs call leg correlation with GCR to find if another call leg is active with same GCR. If found reports in HO Request Acknowledge. The target BSS may bicast the user plane in preparation for receiving the new MS.

6.
HO Request Ack contains LCLS-Status indicating whether local call has been found. Call not yet locally switched.

7.
Anchor signals HO Command.

8.
MS is detected at target BSS. Target BSS may be bicasting the user plane at this point to enhance the handover connection since the Target Termination is configured as DL only to the CN but if user plane data is passed locally it can be received by MS-1 earlier. BSS-2 continues to pass data UL to CN/receive data DL from CN until HO Complete is received.

9.
HO Complete signalled from target BSS including LCLS-Status indicating call is locally switched.

10.
Anchor MSC signals to old serving BSS to clear the old call leg.

11. 
Old serving BSS confirms clearing of old call leg.

12.
Anchor MSC signals LCLS connection in LCLS-Status-Update message to far end, also alerting any nodes in the path that they must de-activate their User Plane. The new target BSS ID is also signalled to the far end MSC if MSC checks the intra-BSS call.

12a. 
It is possible that an LCLS-NOTIFICATION can be sent from the target BSS-1' to the far end MSC Server to indicate that LCLS connection has been made however the far end MSC Server still needs to receive the LCLS-Status-Update from the other end (Anchor MSC).

13.
Anchor MSC deletes Access MGW termination to old BSS.

14.
Anchor MSC de-activates the User Plane at its Anchor MGW.

14a. 
Far end nodes de-activate user plane connections. Far end MSC Server overwrites the BSS ID for the other end with the new BSS ID received with the LCLS-Status-Update.

13.3.1.3
Inter-BSS Handover that leaves a not Locally Switched Call unchanged
13.3.1.3.1
Basic Sequence
In this scenario it is assumed that LCLS was not established before the Inter-BSS handover. When one call leg is handed over to another BSS, the call may still remain not local and LCLS can not be established for the call. The LCLS status of the call is not changed in this case.

The procedure follows Figure 13.3.1.2.2.1 steps 1. to 5. at which point the BSS indicates that no LCLS found, then the  MSC shall not normally signal LCLS Status Update and therefore CN shall not release/deactivate any user plane resources. If the MSC performs BSS ID check then  it will not request Call Correlation at step 3. 
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Figure 13.3.1.3.1.1: Inter-BSS Handover which leaves a not Locally Switched Call unchanged
1.
HO Required is received from BSS-1 requesting an inter-BSS handover. The call is currently not locally switched. 

2.
Anchor MSC checks that LCLS negotiation permitted LCLS in CN. If Anchor MSC supports check of intra BSS calls it performs this check using target BSS ID (see 13.3.2 or 13.3.3 for more details). Here it is assumed intra-BSS detetction results in no correlation being requested.
3.
Anchor MSC performs HO request to target BSS with GCR, LCLS-ConnectionStatusControl  = connect and LCLS-Configuration and LCLS-Correlation-request. If MSC supports check of intra BSS calls and this results in the calls being found to be not local then LCLS-Correlation-request = "do notcorrelate"" is signalled to the BSS. If MSC does not perform BSS ID check then LCLS-Correlation-request is always set to "correlate " for handover messages. 
4.
If target BSS is informed "call correlation needed", it performs call leg correlation with GCR and in this case does not find the call can be locally switched. 

5.
HO Request Ack contains LCLS-BSS-Status indicating call not possible to be  locally switched.
6.
Anchor signals HO Command.

7.
MS is detected at target BSS.

8.
HO Complete signalled from target BSS including LCLS-BSS-Status indicating call is not possible to be locally switched. 

9.
If the oMSC supports BSS ID check then the oMSC signals LCLS-Status-Update message to far end to update the BSS ID (see 13,3,2 and 13.3.3 for further details), otherwise the LCLS-Status-Update message does not need to be sent as the LCLS Status has not changed.

13.3.1.4
Inter-MSC Handover that establishes Local Switching
13.3.1.4.1
Connection Model

Figure 13.3.1.4.1.1 shows the network model for the Basic Inter-MSC GSM to GSM handover when LCLS is established as a result of the handover. The dashed line in green represents call control signalling and the dashed line in blue represents SID frames /silence codewords sent via the core network, or the dashed blue line can also represent the non-connected user plane, which is prepared to be connected in the MGWs if the established LCLS needs to be broken. The non-dotted lines represent the bearer carrying real user plane data. In MGW1 the bearer termination TS is used for the bearer towards BSS1, bearer termination T1 is used for the bearer towards MGW2 and the bearer termination T2 is used for the bearer towards the succeeding/preceding MGW. In MGW2 the bearer termination T4 is used for the bearer towards BSS2 and bearer termination T3 is used for the bearer towards MGW1. In Target-MGW the bearer termination TT is used towards the Target-BSS and bearer termination T5 is used towards MGW1.

In this example scenario the Handover Device is located in the MGW1 selected for the call establishment by the MSC1 server, which controls the call and the mobility management.
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Figure 13.3.1.4.1.1: Basic Inter-MSC GSM to GSM Handover (network model)

13.3.1.4.2
Basic Sequence

Figures 13.3.1.4.2.1 and 13.3.1.4.2.2 show the message sequence example for the Basic Inter-MSC GSM to GSM Handover shown in the corresponding network model Figure 13.3.1.4.1.1. The Handover Device is located in the MGW1 selected for the call establishment by the MSC1 server, which controls the call and the mobility management. The description is based on 3GPP TS 23.009 [9] and 3GPP TS 23.205 [8].
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Figure 13.3.1.4.2.1: First part of Inter-MSC Handover establishing Local Switching

1.
HO Required is received from BSS1 requesting an inter-MSC handover. The call is currently not locally switched.
2.
MSC1 finds that inter-MSC handover is required, it sends MAP-Pre-Handover Req to target MSC which includes LCLS Neg IE and GCR. If MSC supports BSS ID for checking of intra BSS calls, the far end BSS2 ID is included. If Target MSC supports BSS ID, the Target MSC detects if the call would become intra BSS after successful handover.

3.
Target MSC checks that LCLS negotiation permitted LCLS in CN. If target MSC supports BSS ID it checks if the call is intra BSS calls using the target BSS ID (see 13.3.2 or 13.3.3 for more details) and the received BSS2 ID.
4a and 4b. Target-MSC reserves circuit or Connection Point towards the Target-BSS

5.
Target MSC sends HO request to target BSS with GCR and instructs the BSS to prepare to connect LCLS and if BSS ID is not supported (or if BSS ID is supported when target BSS ID is equal to BSS2 ID) to correlate the call leg. The request can include an instruction for BSS to bi-cast user plane data, if applicable.
6.
Target BSS performs call leg correlation with GCR to find if another call leg is active with same GCR. The BSS reports in HO Request Acknowledge that the local call was found but LCLS is not yet established. The target BSS may start bicasting the user plane in preparation for receiving the new MS, but the user plane is only through-connected in the core network after step 10c.

7a and 7b.
(These signalling steps are only applicable to AoIP) When the Target-MSC server receives the BSSMAP Handover Request-Ack message, it sends the BSC-B IP address and UDP Port number to the MGW-B using the Configure RTP Connection Point procedure.

8.
The Target MSC-Server sends prepare handover response to MSC1.

9a and 9b. The handling of the bearer establishment between MGW1 and Target MGW is as for a Basic Mobile Terminating Call, using either forward or backward bearer establishment.

Steps 10a, 11 and 12 are similar to the corresponding steps in LCLS call establishment described in subclause 13.2.1.

10a. 
MSC1 sends IAM (Initial Address Message) to Target MSC including GCR and configures the LCLS-Negotiation IE. BSS2 ID (i.e. the far end BSS ID) should be included (if supported) to ensure that MSC2 does not fall back to the GCR only solution. It is noted that the BSS ID in this IAM is different from the BSS ID in the IAM in the call establishment procedure, because the BSS ID in the IAM in call establishment is always the originating BSS ID. 
The LCLS-Negotitation IE in step 10a can be different from LCLS Negotiation IE in step 2, because step 10a is BICC and the IE value can be changed by intermediate MSCs

10b and 10c. Target-MSC reserves bearer connection T5 towards MGW1

11.
After Target MGW has replied with the bearer address and the binding reference (Step 10c), Target MSC returns APM with selected codec plus LCLS-Negotiation IE and Target BSS ID (if supported). It is noted that the Target BSS ID is the same as the BSS2 ID in this scenario.

12. 
Target MSC sends ACM (Address Complete Message). Target MSC awaits the capturing of the MS on the radio path when the ACM is sent and MSC1 initiates the handover execution when receiving ACM.

The remaining signalling steps for the Inter-MSC handover establishing LCLS are shown in Figure 13.3.1.4.2.2.
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Figure 13.3.1.4.2.2: Second part of Inter-MSC Handover establishing Local Switching

13 - 18. 
When the local switching has been established during the handover procedure, the target BSS shall inform the target MSC that the call has been locally switched in HANDOVER COMPLETE, and the target BSS shall also send a new message LCLS-Notification with LCLS-BSS-Status IE to inform the MSC2 Server that the local switching has been established. In steps 16a and 16b the MSC1 Servers configures the MGW1 for the completion of the handover.
19.
 A-HO-DETECT/COMPLETE when received is included in the MAP-Send-End-Signal request and send back to the MSC1.

20. 
Target MSC sends ANSWER when A-HO-DETECT/COMPLETE is received.

21. and 22. 
MSC1 clears the call in BSS1 and releases the corresponding bearer termination.

23a/b, 25a/b and 27a/b. The MSC servers inform their corresponding MGWs that LCLS has been established for the call.

NOTE: 
The MSC2 Server can inform MGW2 that LCLS has been established for the call directly after getting the LCLS Notification from BSS2 or after receiving the LCLS Status =Connected from MSC1 Server.

24. 
Target MSC informs the MSC1 about the LCLS Status. If MSC supports BSS ID, the target MSC informs the MSC1 about the Target BSS ID. This is sent here to keep every node including possible intermediate MSC Servers updated about the LCLS status.

26.
MSC1 Server (Anchor MSC) sends LCLS-Status-Update message to the far end MSC2 Server. The new target BSS ID is also signalled to the far end MSC if the MSC supports BSS ID for checking if calls are intra-BSS.

28. 
Local switching is established in the BSS.
The handling of the User Plane when LCLS was established or released is described in Clause 12.
13.3.1.5
Inter-MSC Handover that terminates Local Switching
13.3.1.5.1.1
Connection Model

Figure 13.3.1.5.1.1.1 shows the network model for the Inter-MSC GSM to GSM Handover, where call leg MS-1 is handed over from BSS-1 to the Target BSS. BSS-1 is the same as BSS-2 when LCLS is established for the call. The BSS-1 is served by the MSC-1, the target BSS is served by the target MSC, and MSC-1 is not the same as Target MSC.
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Connection Model 1 Before triggering handover
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Connection Model 2 applies from step2 to step12 in Figure 13.3.1.5.1.2.1
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Connection Model 3 applies for step13 in Figure 13.3.1.5.1.2.1
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Connection Model 4 applies for step13 in Figure 13.3.1.5.1.2.1
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Connection Model 5 apply from step14 to 19 in Figure 13.3.1.5.1.2.1
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Connection Model 6 handover completed

Figure 13.3.1.5.1.1.1: Inter-BSS Handover Connection Model when user plane active

13.3.1.5.1.2 
Basic Sequence
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Figure 13.3.1.5.1.2.1: Inter-MSC Handover that break LCLS when user plane active
1.
HO Required is received from BSS1 requesting an inter-MSC handover. The call is currently locally switched.
2.
MSC1 finds that inter-MSC handover is required, it sends MAP-Pre-Handover Req to target MSC which includes LCLS Neg IE and GCR. If MSC supports BSS ID for checking of intra BSS calls, the far end BSS2 ID is included. If Target MSC supports BSS ID, the Target MSC detects if the call would become non intra BSS after successful handover.

3a and 3b. 
Target-MSC reserves circuit or Connection Point towards the Target BSS

4.
Target MSC sends HO request to target BSS with GCR and instructs the BSS don’t need to prepare to connect LCLS.

5.
Target BSS reports in HO Request Acknowledge that call is not locally switched.

6a and 7b.
(These signalling steps are only applicable to AoIP) When the Target-MSC server receives the BSSMAP Handover Request-Ack message, it sends the target BSC IP address and UDP Port number to the target MGW using the Configure RTP Connection Point procedure.

7.
The Target MSC sends prepare handover response to MSC-1.

8a and 8b. 
The handling of the bearer establishment between MGW-1 and Target MGW is as for a Basic Mobile Terminating Call, using either forward or backward bearer establishment.

9a. 
MSC1 sends IAM (Initial Address Message) to Target MSC including GCR and configures the LCLS-Negotiation IE. BSS-2 ID (i.e. the far end BSS ID) should be included (if supported) to ensure that MSC-2 does not fall back to the GCR only solution. It is noted that the BSS ID in this IAM is different from the BSS ID in the IAM in the call establishment procedure, because the BSS ID in the IAM in call establishment is always the originating BSS ID.

9b and 9c. 
Target-MSC reserves bearer connection T5 towards MGW-1

10.
After Target MGW has replied with the bearer address and the binding reference, Target MSC returns APM with selected codec plus LCLS-Negotiation IE and Target BSS ID (if supported). It is noted that the Target BSS ID is the same as the BSS-2 ID in this scenario.

11. 
Target MSC sends ACM (Address Complete Message). Target MSC awaits the capturing of the MS on the radio path when the ACM is sent and MSC1 initiates the handover execution when receiving ACM.
12.
MSC-1 triggers HO command to BSS-1.
13.
BSS-1 sends handover command to MS-1. BSS-1 will discard incoming user plane data send to MS-1 received from CN. BSS-2 starts bi-casting UP user plane data generated by MS-2 to local path and A interface, meanwhile, starts to check whether incoming data received from CN is SID frames or not/whether there has DL user plane data.

NOTE: 
there is no situation where BSS-2 will receive real DL user plane data from the CN at the same time as it receives local data from MS-1 as part of the handover. 
14.
 MS-1 is detected at target BSS. But still no UL data can be sent from target BSS to MGW-1 because Ta-Tt is one-way DL only. MGW-1 will continue to transmit DL user plane data to the target BSS-1. BSS-1 continues to send UL SID frames/nothing to the MGW. BSS-2 continues to bi-cast UP user plane data to both local path and A interface.

15.
Target MSC sends MAP-Process-Access-Signal request to the MSC-1.

16a.and 16b
The MSC-1 uses the Change Flow Direction procedure to requests the MGW-1 to set the Handover Device to intermediate state: Tt-Ta is set to bothway and Ta. Then BSS-2 finds incoming DL user plane data received from CN is not SID frames/BSS-2 finds there has DL user plane data, then the BSS-2 will transmit DL user plane data received from CN to the MS-2.
17.
 Handover Complete is received from target BSS with LCLS-BSS-status.
18. 
A-HO-DETECT/COMPLETE when received is included in the MAP-Send-End-Signal request and send back to the MSC1.
19. 
Target MSC sends ANSWER when A-HO-DETECT/COMPLETE is received.

20. 
MSC1 informs BSS1 to clear old call leg.
21.
LCLS status with target BSS ID and LCLS status is sent from MSC-1 to MSC-2.

22a and 22b.
Serving BSS informs MSC Servers that LCLS is broken via LCLS-Notification.
NOTE: 
whether 22a and 22b are needed is FFS

23.
BSS-1 informs MSC-1 the resource for the MS-1 has been released and also BSS-2 stops bi-casting.

24a and 24b.
The MSC-1 requests the MGW-1 to set the Handover Device to its final state by removing the bearer termination towards the BSC-1, using the Release Termination procedure.

13.3.1.5.2
Inter-MSC Handover that terminates Local Switching when user plane deactivated

13.3.1.5.2.1
Connection Model

13.3.1.5.2.2
Basic Sequence
13.3.1.6
Inter-MSC Handover that leaves a not Locally Switched Call unchanged
In this scenario it is assumed that LCLS was not established before the Inter-MSC handover. When one call leg is handed over to another MSC, the call may still remain not local and LCLS can not be established for the call. The LCLS status of the call is not changed in this case.

The procedure in this case is similar to the one described in subclause 13.3.1.3. The difference is that when the source MSC receives the HO required, it informs the target MSC about the GCR + BSS2 ID.  The behaviour of target MSC is similar to MSC-1 in subclause 13.3.1.3. After the handover is completed,if BSS ID check is supported then the target MSC sends LCLS-status and BSS2 ID to source MSC rather than to the remote end MSC. And then the source MSC forwards this information to remote end MSC in a LCLS-Status-Update message. Note, for GCR only solution signalling of the LCLS-Status-Update message is not required since no change of LCLS-Status has occurred and no BSS ID needs to be conveyed.
Editor's Note:
A detailed message sequence figure and corresponding descriptions should be added to describe this case.

* * * Next Change * * * *

13.3.2.4
Inter-MSC Handover that establishes Local Switching: GCR plus mandatory support of BSS ID solution
13.3.2.4.1
Technical description

The procedure in 13.3.1.5 is applied here. When BSS ID is mandatory the serving MSC shall always check if the received BSS ID matches the target BSS ID. Because they match in this case the target MSC shall set the LCLS-ConnectionStatusControl to "connect" and LCLS-Correlation-request to "correlate" in step 4. After the handover was completed, the target MSC sends LCLS-status and tBSS ID to source MSC. Then the source MSC forwards this information to remote end MSC in LCLS Status Update message. 

When the remote end MSC Server receives the LCLS Status Update message and the new opposite end's BSS ID it shall overwrite the old BSS ID it stored for the other party and use this to perform future "Intra-BSS Call Detection" checks.

* * * Next Change * * * *

13.3.3.5
Inter-MSC Handover that terminates Local Switching: GCR plus optional support of BSS ID solution

It is assumed that the call was established with local switching. The reference call flow is in subclause 13.3.1.6.

If the MSC does not support BSS ID then the GCR only procedure in subclause 13.3.4 applies, otherwise if all nodes support the BSS ID the procedures for the GCR plus mandatory BSS ID described in subclause 13.3.2 apply.
When the oMS performs an Inter-MSC handover, the oMSC Server sends the MAP-Prepare-Handover Request message with GCR and LCLS Neg IE to the target MSC Server. If the oMSC supports BSS ID, the tBSS ID of remote end MSC is included in this message. If the target MSC Server receives the tBSS ID, it may check if the call is intra-BSS call by using the received tBSS ID and the target BSS ID.

If the target MSC supports BSS ID, it finds the call is not intra-BSS call. It shall indicate the target BSS with GCR and LCLS-ConnectionStatusControl set to "connect" and LCLS-Correlation-request set to "do notcorrelate" in HO Request. If the target MSC does not support BSS ID, it shall indicate the target BSS with GCR and LCLS-ConnectionStatusControl set to "connect " and LCLS-Correlation-request set to "correlate" in HO Request.

After handover completes, if the target MSC Server supports BSS ID, it send MAP-Send-End-Sig Req with LCLS Status and new BSS ID, i.e. target BSS ID to oMSC. If the target MSC Server does not support BSS ID, it just returns LCLS Status.

If oMSC and remote end MSC both support BSS ID, after the oMSC receives new BSS ID, it sends the new BSS ID to remote end MSC in LCLS status update message.

If any of the oMSC, target MSC and remote end MSC do not support BSS ID, the oMCS does not send target BSS ID to the remote end MSC.

13.3.3.6
Inter-MSC Handover that leaves a Local Switching unchanged: GCR plus optional support of BSS ID solution

It is assumed that the call was established without local switching. The reference call flow is in subclause 13.3.1.7.

If the MSC does not support BSS ID then the GCR only procedure in subclause 13.3.4 applies, otherwise if all nodes support the BSS ID the procedures for the GCR plus mandatory BSS ID described in subclause 13.3.2 apply.
When the oMS performs an Inter-MSC handover, the oMSC Server sends the MAP-Prepare-Handover Request message with GCR and LCLS Neg IE to the target MSC Server. If the oMSC supports BSS ID, the tBSS ID of remote end MSC is included in this message. If the target MSC Server receives the tBSS ID, it may check if the call is intra-BSS call by using the received tBSS ID and the target BSS ID.

If the target MSC supports BSS ID, it finds the call is a non-local call. It shall indicate the target BSS with GCR and LCLS-ConnectionStatusControl set to "connect " and LCLS-Correlation-request set to "do not correlate " in HO Request. If the target MSC does not support BSS ID, it shall indicate the target BSS with GCR and LCLS-ConnectionStatusControl set to "connect" and LCLS-Correlation-request set to " correlate " in HO Request.

After handover completes, if the target MSC Server supports BSS ID, it send MAP-Send-End-Sig Req with LCLS Status and new BSS ID, i.e. target BSS ID to oMSC. If the target MSC Server does not support BSS ID, it just returns LCLS Status.

If the oMSC and the remote end MSC both support BSS ID, after the oMSC receives the new BSS ID, it sends the new BSS ID to the remote end MSC in LCLS status update message.

If any of the oMSC, target MSC and remote end MSC do not support BSS ID, the oMCS does not send target BSS ID to remote end MSC and since no change to the LCLS-Status then no signalling of the LCLS-Status-Update message is required.
13.3.3.7
GCR plus optional support of BSS ID solution incompatibility resolution
The incompatibility resolution refers to the scenario when one MSC supports BSS ID, and another MSC does not support it within the session. If both MSCs within the session support BSS ID or neither support BSS ID then there is no compatibility issue related to BSS ID. 

Editor's Note:

It was not clear when implementing C4-101869 whether the following the two paragraphs were to be deleted, moved, or left within this section.  This needs to be clarified.

In the call establishment phase, if one of the MSCs does not support BSS ID, the other side will know this in session establishment phase. So this will fall back to the pure GCR solution.

The assumption is that both MSCs support and exchange BSS ID in session establishment phase. When one UE handovers to an MSC that supports BSS ID, there is no compatible issue. When one UE hands over to an MSC that does not support BSS ID, the target MSC will ignore the BSS ID received in MAP-pre-Handvoer Req and always inform the target BSS in LCLS-Correlation-request = "correlation". And the target MSC will not include the target BSS id in MAP Send-END-Sig Req to the source MSC. So the LCLS status update message from the source MSC to the remote end MSC does not carry the new BSS ID . Normally for GCR only solution LCLS-Status-Update message is only sent when a change to LCLS status occurs but in the event that a incompatibility resolution is needed then the LCLS-Status-Update message still needs to be sent to explicitly indicate that the BSS ID stored is no longer valid. The remote end MSC detects this and falls back to the pure GCR solution.

If an originating or terminating MSC which supports BSS ID does not receive the BSS ID from the far end MSC in corresponding messages, the MSC will not perform the intra-BSS detection, and will remove the far end BSS ID if it had already stored it. 
If an originating or terminating MSC does not support BSS ID, it shall discard any incoming BSS ID.
If a mid node supports BSS ID, it shall transfer any received BSS ID in corresponding message to the succeeding or preceding nodes. If the mid node does not support BSS ID, it should still just transfer it transparently.

So if any of Originating MSC and Terminating MSC does not support BSS ID, the subsequent LCLS procedures will fall back to pure GCR solution.

The following procedures show the example call flows in Inter-MSC handover enabling LCLS while incompatibility occurs.

13.3.3.7.1
MSC1 and MSC2 support BSS ID, Target MSC does not support BSS ID
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Figure 13.3.3.7.1.1: Inter-MSC Handover (MSC1 and MSC2 support BSS ID, Target MSC does not support BSS ID)

1-2.
as per basic Inter-MSC handover establishment flow step 1 to 2.
3.
Target MSC checks that LCLS negotiation permitted LCLS in CN. Because the Target MSC does not support BSS ID it discards the received BSS2 ID.

4-10c.
as per basic Inter-MSC handover establishment flow step 4 to 10c. 

11.
Target MSC returns APM with selected codec plus LCLS-Negotiation IE. Because the Target MSC does not support BSS ID, so it does not include Target BSS ID in the APM message. 
12-25b.
as per basic Inter-MSC handover establishment flow step 12 to 25b.

26.
MSC1 (Anchor MSC) sends LCLS-Status-Update message to the far end MSC2. Because MSC1 does not receive Target BSS ID in step 11, so it knows the Target MSC does not support BSS ID. MSC1 does not include BSS ID in this message, so the procedure falls back to pure GCR solution. Note that this would not normally need to be sent if there was no change to the LCLS-Status for the GCR only solution but it is needed for the fallback to GCR only.
27a-27b.
as per basic Inter-MSC handover establishment flow step 27a to 27b.

Editor's notes:
Whether a subsequent inter-MSC handover to an MSC that does support BSS ID check can allow the support for BSS ID and the BSS ID check is FFS.

* * * Next Change * * * *

13.3.5
Simultaneous Handovers

13.3.5.1
General

Handovers can occur at either end of the call at any time. Normally this does not directly affect the other leg of the call and the nodes are not normally aware of such a change. For solution using "GCR only" method the LCLS signalling may occur through the CN between each serving MSC when the LCLS status changes. For solutions using BSS ID additionally the LCLS signalling will occur to update the changed BSS ID for each handover. 

A handover at one side of the call may either break LCLS or potentially enable LCLS by moving into the BSS where the other party is served. When a handover occurs at the same time/during the other side's handover this may change the outcome, the following scenarios are considered:

i)
Simultaneous Handover that maintains LCLS: initial handover at one side breaks LCLS but handover at other side moves into same BSS and LCLS can be resumed

ii)
Simultaneous Handover that breaks LCLS: initial handover at one side makes LCLS but handover at the other side moves out of the same BSS and LCLS is broken
13.3.5.2
Inter-BSS Simultaneous Handover that Maintains LCLS (Early detection)

13.3.5.2.1
Connection for Model for Simultaneous Handover that maintains LCLS (CN UP de-activated during LCLS)

The following figures are based on the sequences for single side HO with user plane inactive.
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Connection Model 1: Call is locally switched
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Connection Model 2: MS-1 triggers handover request, MGW-1 is configured both-way connection to Target BSS and isolated from Serving BSS. HO command triggers the BSS-2 side to bicast UL
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Connection Model 3: MS-2 triggers handover request, MGW-2 is configured both-way connection to Target BSS and isolated from Serving BSS. HO command triggers UL bicast.
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Connection Model 4: MSC-2 receives LCLS-Status-Update from MSC-1 and configures BSS to bicast UL on one side and discard DL. MSC-2 reconfigures MGW-2 to "normal handover" – Ta,Ts bothway, Ta,Tt one-way. MSC-1 receives the LCLS-Status-Update from MSC-2 and configures BSS to bicast UL and discard DL data. MSC-1 performs same change to MGW-1. 
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Connection Model 5: MS-1 moves into Target BSS and receives DL data from MS-2, no UL data from Target BSS can be sent to MS-2 as Ta, Tt is oneway DL connected. 
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Connection Model 6: MS-2 move into Target BSS. Both legs to Target BSS are now only connected DL and so there is a break in speech. Note this is the same as for non-LCLS simultaneous HO.
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Connection Model 7: HO detect is received at both ends and the MSC's reconfigure the MGWs to support both-way connections between Ta and Ts.
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Connection Model 8: Local path is established and old BSS connections are cleared with Clear Command.

Figure 13.3.5.2.1.1: Simultaneous Inter-BSS Handover Connection Model when LCLS is maintained and CN User Plane is de-activated during LCLS

13.3.5.2.2
Simultaneous Inter-BSS Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR Only
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Figure 13.3.5.2.2.1: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR only
1 – 5 (black) 
As for basic inter-BSS HO that breaks LCLS.


1 – 4  (red)
As for basic inter-BSS HO that breaks LCLS except that at this point if occurring after it has stored the GCR for the other end it could indicate that LCLS is possible. However this should not affect the subsequent signalling from MSC point of view as it cannot ensure that the far end handover will complete so it must continue under the premise that a handover out of a BSS which is currently locally switched will break LCLS and so it should still signal to prepare CN for LCLS break.

5. 
Anchor MSC signals break in LCLS to far end, also alerting any nodes in the path that they must re-activate their User Plane.
5a.
Due to simultaneous handover Anchor MSC signals to old BSS to bicast UL but also discard any DL data. 

5b.
MSC-2 re-activates the MGW connection towards old BSS in the manner used for Inter BSS HO of non-LCLS call i.e. the old serving Termination Ts is bothway through-connected to Ta while the new target Termination Tt is oneway connected.

NOTE:
The Access MGWs could be left as configured for single side handover with the Ts isolated. This would mean that while one MS has moved out of the serving BSS it will not get any DL data from the other side as shown in the Connection Models. However since this will be short lived when the second MS moves to the Target BSS it is possibly not worth making this additional transition in the Access MGWs for the simultaneous HO.

6.
Anchor MSC triggers HO command (this may also trigger UL bicasting but if occurs before steps 5a for the opposite side then the data will be blocked by the Access MGW.  When the MS's move into the Target BSS since both legs to the Access MGWs are DL only connected there is no user data transmitted between them. It should be noted that this is the same problem for a simultaneous HO without LCLS.
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Figure 13.3.5.2.2.2: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR only, Continued
7.
As for basic sequence.

7a.
Dues to simultaneous HO the MSCs have reverted to standard HO topology in Access MGWs. At HO Detect the MSCs switch the Access MGWs to the intermediary state (Ta,Tt bothway, Ta,Ts is one way DL).

8. (black) 
As for basic sequence, assuming this side performs handover detect first then the call is identified as local call but will not be locally switched at this instant,

8. (red)
Handover Complete indicates the BSS has correlated the two call legs and found they are in the same BSS and thus locally switched.

8a. (red) 
Target BSS informs MSC-1 that LCLS is connected.

9. – 12.     
Clear Command releases resources from serving BSS.
MSC-1 and MSC-2 receive notification from old BSS (BSS-1/BSS-2) that LCLS has been released but they ignore notification as they received from target BSS information that call is locally switched.

13.

Since MSC-2 has been received in Handover Complete LCLS-Status indicating locally switched call MSC-S informs MGW-2 that LCLS is connected and CN UP can be de-activated.

14. (red)
MSC-2 notifies other CN nodes that LCLS is connected,

15.

MGW is updated that LCLS is connected and CN UP can be de-activated.

13.3.5.2.3
Simultaneous Inter-BSS Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR + BSS ID mandatory
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Figure 13.3.5.2.3.1: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR plus BSS ID Mandatory
1– 4 (black) 
As for  inter-BSS HO that breaks LCLS with BSS ID check, BSS is told not to correlate GCR.


1 – 4  (red)
As for  inter-BSS HO that breaks LCLS with BSS ID check, BSS is told not to correlate GCR. 

5. 
Anchor MSC signals break in LCLS to far end, also alerting any nodes in the path that they must re-activate their User Plane. The new target BSS ID is signalled to the far end. On receipt the MSC stores the new BSS ID and compares with local BSS ID. If they are found to be the same the MSC knows the call could be locally switched but at this time it has already informed the Target BSS that it shall not correlate the call legs. As the handover signalling sequence shall not be interrupted any more than absolutely necessary the handover must continue but although the call is served by the same BSS it will not be locally switched. Anchor MSC triggers HO command.
5a.

Far end MSC does not re-configure its MGW connections to be active as it is already done in step 2.

5b – 6.
As for basic sequence.
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17. LCLSStatus Update: APM [LCLS 

Status = LCLS Connected]

12. Context C2: SUB T
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REQUEST (Correlate Call Leg)
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-Disconnect/Deactivate CN user plane

7. HO Detect

8. HO Complete+ LCLS-BSS-status = 

Call not possible to be locally switched

9. Clear Command
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9. Clear Command

If the call is to return to LCLS then 

each MSC has to request the new 

BSS to correlate the call legs as 

neither side knows which one should 

make the request

If the call is to return to LCLS then 

each MSC has to request the new 

BSS to correlate the call legs as 

neither side knows which one 

should make the request

Local Call but NotLocally Switched 

15.LCLS-NOTIFICATION, 

LCLS-BSS-Status = Call is locally switched

15.LCLS-NOTIFICATION, 

LCLS-BSS-Status = Call is locally switched

13. LCLSStatus Update: APM [LCLS 

Status = LCLS disconnected]


Figure 13.3.5.2.3.2: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR plus BSS ID Mandatory, Continued
7 – 13 (black)
As for basic sequence for Inter-BSS handover, call not locally switched.

7 – 13  (red)
Handover Complete indicates the BSS has not correlated the two call legs and thus they are not locally switched.

As each MSC received notification of updated far end BSS ID after indicating to respective BSS to not correlate the call legs if it is desired to now try to locally switch the call each MSC will have to request the BSS to now correlate the call legs since there is no method to determine which side should do this.

14.
New Message required to request the BSS to correlate the call legs and through-connected locally if locally switchable. 

15.
New BSS informs MSC's that LCLS is connected. 

16. 
MGW's are updated that LCLS is connected and CN UP can be de-activated.

17. 
LCLS Status Update is sent from both sides to inform other CN nodes that LCLS is connected.

13.3.5.2.4
Simultaneous Inter-BSS Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR + BSS ID optional

The sequence follows the description in 13.3.5.2.3 if all nodes support the BSS ID check, if not the handling reverts to the GCR only sequence described in 13.3.5.2.2.

13.3.5.3
Inter-BSS Simultaneous Handover that Maintains LCLS (Late Detection)

13.3.5.3.1
Connection for Model for Simultaneous Handover that maintains LCLS
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Figure 13.3.5.3.1.1: Simultaneous Inter-BSS Handover Connection Model when LCLS is maintained 
13.3.5.3.2
Simultaneous Inter-BSS Handover when LCLS is maintained – GCR + BSS ID mandatory (Late Detection)
13.3.5.3.2.1
Technical Description
It is assumed that a local call was established. The scenario is shown in the Figure 13.3.5.3.2.1.1. The BSS1 and the BSS2 are same. The MS1 performs an Inter-BSS handover to the target BSS, and the MS2 performs a handover to the target BSS simultaneously. 

When MSC1 receives Handover required Message, it finds that the call is not served by the same BSS after handover because it believes that the MS2 is still in the BSS2 (the information of MS2 in oMSC has not been updated). Then MSC1 performs a normal Inter-BSS Handover with breaking LCLS. At the same time, the MSC2 performs similar steps.

After receiving the LCLS-Status Update information containing the new BSS IDs, the MSC1 and MSC2 both know that the LCLS is applicable but it has not been achieved because the BSS ID checks being performed on the previous BSS ID (due to the simultaneous handover) and therefore the BSS's were requested "not to correlate". At this point, there are several options to move next.
1).
Do not perform LCLS. The advantage is simplest.

2).
Re-establish the LCLS, the MSC1 and MSC2 can re-perform the LCLS procedure. This requires MSC do more work.
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Figure 13.3.5.3.2.1.1 Simultaneous Inter-BSS Handover when LCLS is maintained – GCR + BSS ID mandatory Scenario
Figure 13.3.5.3.2.1.2 illustrates simultaneous Inter-BSS handover call flow when LCLS is maintained with BSS ID mandatory. New messages and new elements are marked in red colour in the figure.
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Figure 13.3.5.3.2.1.2 Simultaneous Inter-BSS Handover when LCLS is maintained – GCR + BSS ID mandatory (Late Detection) Call Flow 
1a - 12a.
MS1 hands over to target BSS, the MSC1 updates LCLS to remote end and inform BSS1 bi-casting. After this, MSC1 sends HO CMD to MS1. In the step 8a, MSC1 does intra-BSS call check again according to information received from MSC2, it finds that LCLS is feasible. But it will re-perform LCLS after handover. 

1b - 12b.
At the same time, MS2 hands over to target BSS, the MSC2 update LCLS to remote end and inform BSS2 bi-casting. After this, MSC2 sends HO CMD to MS2. In the step 8a, MSC2 does intra-BSS call check again according to information received from MSC1, it finds that LCLS is feasible. But it will re-perform LCLS after handover.
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Figure 13.3.5.3.2.1.3  Simultaneous Inter-BSS Handover when LCLS is maintained – GCR + BSS ID mandatory (Late Detection) Call Flow
13a - 17a.
The MS1 complete handover to target BSS.

13b - 17b.
The MS2 complete handover to target BSS.

18 - 21a.
After handover, MSC1 does correlation request according to BSS ID check in step 8a using a new LCLS-Correlation-Request message.
18b - 21b.
After handover, MSC2 does correlation request according to BSS ID check in step 8b using a new LCLS-Correlation-Request message..
13.3.5.3.2.2
Pros and Cons
Pros:

Cons:

Editor's Note: 
pros and cons need to be evaluated.
13.3.5.3.3
Simultaneous Inter-BSS Handover when LCLS is maintained – GCR + BSS ID optional

If Originating MSC and Terminating MSC both support BSS ID, the call flow in 13.3.5.3.2 applies. Otherwise, the GCR only solution is applied.
13.3.5.4
Inter-BSS Simultaneous Handover that Breaks LCLS (Early Detection)

13.3.5.4.1
Connection for Model for Simultaneous Handover that breaks LCLS (CN UP de-activated during LCLS)
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Figure 13.3.5.4.1.1: Simultaneous Inter-BSS Handover Connection Model that breaks LCLS and CN User Plane is de-activated during LCLS

13.3.5.4.2
Simultaneous Inter-BSS Handover that breaks LCLS (CN UP de-activated during LCLS) - GCR Only

Initially call legs are not local, then one side performs a handover to the BSS served by the far end. However at the same time the far end performs a handover to the BSS served by the other end. So during the handover both ends think that they are performing a handover to enable LCLS but in reality both handovers will leave LCLS not possible.




[image: image74.emf]MS-1

MSC-1

BSS-2 / 

Target BSS-1

BSS-1 / 

Target BSS-2

MS-2 MSC-2

1. HO Required

4. HO Request+ GCR + LCLS-ConnectionStatusControl = 

Connect, LCLS-Configuration

6. HO CMD

7. HO Detect

8. HO Complete + LCLS-BSS-

status = Call not possible to be 

Locally Switched

2. check that LCLS-negotiation is 

performed and CN permits LCLS. 

MGW-1 MGW-2

5.HO Req Ack(+ LCLS-BSS-Status =  call 

can be locally switched but not yetlocally 

switched)

3. Context(C1)  TopDescr({*,T

S

, isolate}, 

{T

A

,T

T

,oneway})+ADD.request (T

T

)      

9. Clear Command

10. Clear Complete

11. Context C1: SUB T

S

1. HO Required

2. check that LCLS-negotiation is 

performed and CN permits LCLS. 

3. Context(C2)  TopDescr({*,T

S

, isolate}, 

{T

A

,T

T

,oneway})+ADD.request (T

T

)   

4. HO Request+ GCR + LCLS-ConnectionStatusControl = 

Connect, LCLS-Configuration

5.HO Req Ack(+ LCLS-BSS-Status =   Call not 

possible to be locally switchecd (handover ?))

It is assumed 

that the target 

BSS checks the 

corresponding 

call leg and sees 

that it is 

undergoing 

handover and 

thus flags this as 

"not locally 

switchable".

7. HO Detect

8. HO Complete + LCLS-status = Call not possible to be 

Locally Switched

9. Clear Command

10. Clear Complete

11. Context C2: SUB T

S

6. HO CMD


Figure 13.3.5.4.2.1: Simultaneous Handover that breaks LCLS and CN User Plane is de-activated during LCLS - GCR only

1 - 4 (black)
As for basic call flow on Inter-BSS HO when the call is currently not locally switched. 

1 - 4 (red)
As for basic call flow on Inter-BSS HO when the call is currently not locally switched, here the far end performs a handover into the BSS which is being left behind by MS-1. 

5 (black)
The target BSS performs call leg correlation with GCR to find if another call leg is active with same GCR. If the second handover has not started yet then it may report in HO Request Acknowledge that call can be locally switched. The target BSS-1 may bicasts the user plane in preparation for receiving the new MS.

5 (red)
Assuming this is the second handover then the request to the BSS-1 will result in finding the other call leg with the same GCR but this call leg is known to be undergoing a handover and so the response indicates that call cannot be locally switched. An additional detail in the LCLS-Status could be to indicate pending handover.

6 – 11

Call flows complete individually on each side with no resulting change to the LCLS-Status. Thus no notifications occur and no updates through the CN.
13.3.5.4.3
Simultaneous Inter-BSS Handover that breaks LCLS (CN UP de-activated during LCLS) – GCR plus BSS ID mandatory

Initially call legs are not local, then one side performs a handover to the BSS served by the far end. However at the same time the far end performs a handover to the BSS served by the other end. So during the handover both ends think that they are performing a handover to enable LCLS but in reality both handovers will leave LCLS not possible.
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Figure 13.3.x.4.3.1: Simultaneous Handover that breaks LCLS and CN User Plane is de-activated during LCLS - GCR plus BSS ID mandatory
1 -4 (black)
As for basic call flow on Inter-BSS HO when the call is currently not locally switched, the check of BSS ID results in the new BSS ID matching the one stored for the far end so the MSC requests call leg correlation.

1 -4 (red)
As for basic call flow on Inter-BSS HO when the call is currently not locally switched, here the far end performs a handover into the BSS which is being left behind by MS-1. The check of BSS ID results in the new BSS ID matching the one stored for the far end so the MSC requests call leg correlation, This occurs at this time because neither node has updated the other end with its new BSS ID.

5 (black)
The target BSS performs call leg correlation with GCR to find if another call leg is active with same GCR. If the second handover has not started yet then it may report in HO Request Acknowledge that call can be locally switched. The target BSS-1 may bicasts the user plane in preparation for receiving the new MS.

5 (red)
Assuming this is the second handover then the request to the BSS-1 will result in finding the other call leg with the same GCR but this call leg is known to be undergoing a handover and so the response indicates that call cannot be locally switched. An additional detail in the LCLS-Status could be to indicate pending handover.

6 – 10,12

Call flows complete individually on each side and the old BSS connections are released.

11
Each side updates the other side with its new BSS ID, LCLS-Status Update is used with no change to the LCLS-Status. Thus no notifications occur from the BSS.
13.3.5.4.4
Simultaneous Inter-BSS Handover that breaks LCLS (CN UP de-activated during LCLS)  – GCR + BSS ID optional

The sequence follows the description in 13.3.5.4.3 if all nodes support the BSS ID check, if not the handling reverts to the GCR only sequence described in 13.3.5.4.2.

13.3.5.5
Inter-BSS Simultaneous Handover that Breaks LCLS (Late Detection)

13.3.5.5.1
Connection for Model for Simultaneous Handover that breaks LCLS 
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Figure 13.3.5.5.1.1: Simultaneous Inter-BSS Handover Connection Model that breaks LCLS

13.3.5.5.2
Simultaneous Inter-BSS Handover that breaks LCLS – GCR plus BSS ID mandatory

13.3.5.5.2.1
Technical description

It is assumed that a non-local call was established. The scenario is shown in the Figure 13.3.5.5.2.1.1. The MS1 performs the Inter-BSS Handover to BSS2 and MS2 performs handover to BSS1 simultaneously.
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Figure 13.3.5.5.2.1.1 Simultaneous Inter-BSS Handover that breaks LCLS – GCR plus BSS ID Scenario
When MSC1 receives Handover required Message, it finds that the LCLS is feasible because it believes the MS2 is in the BSS2 (the information of MS2 in MSC1 has not been updated). Then MSC1 performs a normal Inter-BSS Handover which establishes LCLS. But the BSS2 will refuse the LCLS because the MS2 handover to other BSS. At the same time, the MSC2 performs similar steps.

After handover, the call is still a non local call.
Figure 13.3.5.5.2.1.2 illustrates Simultaneous Inter-BSS Handover that breaks LCLS with GCR plus BSS ID call flow. New messages and new elements are marked in red colour in the figure.
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17a. LCLSStatus Update: APM

 [LCLS Status = disconnected, new BSS1 ID]

17b. LCLSStatus Update: APM

 [LCLS Status = disconnected, new BSS2 ID]


Figure 13.3.5.5.2.1.2 Simultaneous Inter-BSS Handover that Breaks LCLS with GCR plus BSS ID Call Flow
1a - 17a.
MS1 makes handover to BSS2. The MSC1 checks the intra-BSS call and finds that LCLS is feasible. The inter-BSS handover which establishes the LCLS is triggered. Because MS2 handover to other BSS, so BSS2 informs MSC1 that LCLS is failure.

1b - 17b.
At the same time, MS2 makes handover to BSS1. The MSC2 checks the intra-BSS call and finds that LCLS is feasible. The inter-BSS handover which establishes the LCLS is triggered. Because MS1 handover to other BSS, so BSS1 informs MSC2 that LCLS is failure.

13.3.5.5.3
Simultaneous Inter-BSS Handover that breaks LCLS – GCR plus BSS ID optional

If Originating MSC and Terminating MSC both support BSS ID, the call flow in 13.3.5.5.2 applies. Otherwise, the GCR only solution is applied.
13.3.5.6
Simultaneous Inter-MSC Handover that Maintains LCLS (Early Detection)

13.3.5.6.1
Simultaneous Inter-MSC Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR Only

For simultaneous Inter-MSC handover when CN User Plane is de-activated during LCLS for using GCR only method there is no additional signalling between the two ends of the call compared to the case for simultaneous inter-BSS handover as described in 13.3.5.2.2. 

13.3.5.6.2
Simultaneous Inter-MSC Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR + BSS ID mandatory

For simultaneous Inter-MSC handover using BSS ID (mandatory) the signalling flow when CN User Plane is de-activated during LCLS is as described for simultaneous inter-BSS handover in 13.3.5.2.3.

13.3.5.6.3
Simultaneous Inter-MSC Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR + BSS ID optional

If the BSS ID check and associated signalling is supported by all MSCs involved in the handovers then the call flow will follow that of BSS ID mandatory support however if a simultaneous handover occurs and one or other target MSCs does not support the BSS ID check then it will not send an updated BSS ID to the far end. This means that an LCLS-Status Update must be sent even if the LCLS Status has not changed in order to inform the other end that BSS ID is no longer valid. The node receiving this new LCLS Status Update without BSS ID shall forward this to its target MSC. Assuming the Target MSC understand that the removal of the BSS ID means that it must request "call leg correlation" it will send new message LCLS_CORRELATION_REQUEST to the target BSS after the handover is complete.

13.3.5.7
Inter-MSC Simultaneous Handover that Maintains LCLS (Late Detection)
Editor's Note: 
The Inter-MSC simultaneous handover that maintain LCLS need to be aligned with Inter-BSS simultaneous handover in 13.3.5.3 in the future.
13.3.5.7.1
Inter-MSC Simultaneous Handover in Both Sides when Handover to Same BSS allows LCLS where previously LCLS was not possible : GCR+BSS ID
13.3.5.7.1.1
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 performs a handover 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 BSS ID and LCLS-Status to each other.

After receiving the Update information, the oMSC and tMSC both know that the LCLS is applicable but LCLS has not be performed because the BSS was requested not to correlate the call legs. 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 to 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 13.3.2.

Figure 13.3.5.7.1.1.1 illustrates an Inter-MSC 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 13.3.5.7.1.1.1 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 BSS ID and LCLS-Status to each other.

4 - 5.
After receiving the Updated information, the oMSC and tMSC both know that the LCLS is applicable but it has not be performed because the BSS has not requested correlation because of handover simultaneously. The oMSC can re-perform the BSS ID check and sends LCLS_CORRELATION_CONTROL to the TargetBSS with LCLS_Correlation-requestl="correlate" via target MSC by MAP Forward-Access-Sig Req message. 
Editor's Note:
Is that the rule that the originating MSC will be the one that always does this ? Otherwise neither side knows which side will request it and then both sides will request correlation as shown in the inter-BSS HO cases. 
6.
The TargetBSS correlates both call legs by the previously stored GCR.

7.
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.
8 - 9.
When the local switching has been established, the target BSS shall also send a LCLS_CONNECT_CONTROL_ACK message to inform the oMSC that the local switching has been established;

10.
Then the oMSC Server shall inform the remote end MSC Server to update the information of LCLS-Status.
13.3.5.8
Inter-MSC Simultaneous Handover that Breaks LCLS (Late Detection)
Editor's Note: 
The Inter-MSC simultaneous handover break LCLS need to be aligned with Inter-BSS simultaneous handover in 13.3.5.4 in the future.
13.3.5.8.1
Inter-MSC Simultaneous Handover in Both Sides With Handover to Differente BSSs

13.3.5.8.1.1
Technical Description
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 performs a handover to a new tTargetBSS from the tBSS simultaneously. 

When receiving the Handover required Message, the oMSC finds that inter-MSC handover is required, it sends MAP-Pre-Handover Req to target MSC which includes LCLS Negotiation IE and GCR. If MSC supports BSS ID for checking of intra BSS calls, the tBSS ID is also included. The target MSC assumes that the call is served by the same BSS, because it believes the tMS is in the tBSS (the information of tMS in oMSC has not been updated). If the LCLS is permitted,, the target MSC sends HO request to target BSS with GCR and LCLS-ConnectionStatusControl and LCLS-Preference set to "call correlation needed".
Because the tMS has performed a handover to tTargetBSS, the BSS should not establish LCLS. The tBSS indicates to the target MSC that LCLS was not possible (it did not find the tcall leg in use in the BSS).
After oMS completes the handover to target tBSS, the target MSC Server then sends the MAP-Send-End-Sig Request message to the oMSC Server with the new target oBSS ID and LCLS-Status. The oMSC updates the remote side with New target oBSS ID and LCLS-Status.

After tMS completes the handover to tTargetBSS, the tMSC updates the remote side with New target tBSS ID and LCLS-Status. When the new target tBSS ID is received by the oMSC, it knows the correct far end BSS ID, and it does not trigger LCLS again before one of the BSS IDs change.

Figure 13.3.5.8.1.1.1 illustrates an Inter-MSC simultaneous handover call flow when LCLS should not be established. New messages and new elements are marked in red color in the figure.
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Figure 13.3.5.8.1.1.1 Inter-BSS Simultaneous Handover Call Flow when LCLS is failure
1.
The tMS performs the Inter-MSC handover from tBSS to tTargetBSS.

2.
oMSC finds that inter-MSC handover is required, it sends MAP-Pre-Handover Req to target MSC which includes LCLS Negotiation IE and GCR. If MSC supports BSS ID for checking of intra BSS calls, the tBSS ID is also included.

3.
When BSS ID is mandatory the oMSC shall always generate a new global BSS ID for the new (target) BSS ID. It shall then check if the new BSS ID matches the previously stored far end's BSS ID.

4.
Target MSC checks that LCLS negotiation permitted LCLS in CN. If target MSC supports BSS ID it checks if the call is intra BSS calls using the target BSS ID (see 13.3.2 or 13.3.3 for more details).

5.
If matching then the target MSC shall set the LCLS-ConnectionStatusControl to " connect  LCLS" and LCLS-Correlation-request to "correlate" , and perform HO request to target BSS with GCR and LCLS-ConnectionStatusControl and LCLS-Configuration.
6 - 7.
Target BSS performs call leg correlation with GCR to find if another call leg is active with same GCR. In this case, the tMS has already performed handover to tTargetBSS, so the target BSS returns acknowledgment and also indicates that call is not possible to be locally switched. 
8- 13.
the oMSC  sends HO CMD message to inform oMS to perform handover to target tBSS, and oMS performs handover. 
14.
When the oMS completes handover to target tBSS, the target MSC will send the MAP Send-End-Sig Req message to oMSC with LCLS-Status indication LCLS not feasible and the new target oBSS ID. The oMSC shall release the source resource after receiving this message. 

15.
After both handovers complete, the oMSC and tMSC update each other with new BSS ID and new LCLS-Status. 
13.4
Comparison and conclusions on Call Establishment and Handover Scenarios
<to be completed>
* * * Next Change * * * *

* * * Next Change * * * *

* * * Next Change * * * *

* * * Next Change * * * *
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