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1. Introduction
This P-CR proposes updates to the descriptions for call establishment and LCLS negotiation solutions to include signaling for simultaneous handovers.
2. Reason for Change
Many times comments have been made to clarify the solution to support BSS ID signaling when handovers occur simultaneously at both ends such that the BSS ID can change after BSS ID has been exchanged between ends of the call. These sequences are still missing and are needed to show the complete signaling support required to assess whether this option is viable.

Additionally the sequences are shown for the GCR only solution as a direct comparison.

3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889 version 1.3.0.
* * * First Change * * * *

13.3.x
Simultaneous Handovers

13.3.x.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.x.2
Inter-BSS Simultaneous Handover that Maintains LCLS
13.3.x.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.x.2.1.1: Simultaneous Inter-BSS Handover Connection Model when LCLS is maintained and CN User Plane is de-activated during LCLS
13.3.x.2.2
Simultaneous Inter-BSS Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR Only
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) towards 
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) towards 
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) to "oneway"

LCLS_CONNECT_CONTROL_ACK)  

5a.LCLS_CONNECT_CONTROL(LCLS-

ConnectionStatusControl = "bicast/Discard 

DL data") 

5b. Context C1: MOD (T

S

) towards BSS-

1 to "bothway", Termination for Target 

BSS (T
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) to "oneway"

LCLS_CONNECT_CONTROL_ACK)  

5a.LCLS_CONNECT_CONTROL(LCLS-

ConnectionStatusControl = "bicast/Discard 
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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.
Figure 13.3.x.2.2.1: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR only
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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.
Figure 13.3.x.2.2.2: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR only, Continued

13.3.x.2.3
Simultaneous Inter-BSS Handover when LCLS is maintained (CN UP de-activated during LCLS) – GCR + BSS ID mandatory
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1. HO Required

3. HO Request+ GCR + LCLS-

ConnectionStatusControl= Connect, LCLS-Preference, 

Do not correlate

5. LCLSStatus Update: APM [LCLS Status = 

prepare for LCLS disconnection, targetBSS ID]

2. Context C2: ADD Termination for 

Target BSS (T
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) -bothway, Context 

C2:MOD Termination (T

A

) towards 

MGW1 to "active", Ts Isolate

6. HO CMD
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call not local)

6. HO CMD

LCLS_CONNECT_CONTROL_ACK)  

5b.LCLS_CONNECT_CONTROL(LCLS-

ConnectionStatusControl = "bicast") 
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("prepare for LCLS disconnection") (5) 

MSC-1 does not request MGW-1 to 

activate its connection as it is already 

done due to handover of MS-1 (step 2).

Note: At reception of LCLS Status Update 

("prepare for LCLS disconnection") MSC-

2 does not request MGW-2 to activate its 

connection as it is already done due to 

handover of MS-2 (step 2).
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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 BSSId 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.

Figure 13.3.x.2.3.1: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR plus BSS ID Mandatory
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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.
Figure 13.3.x.2.3.2: Simultaneous Handover that maintains LCLS and CN User Plane is de-activated during LCLS – GCR plus BSS ID Mandatory, Continued

13.3.x.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.x.2.3 if all nodes support the BSS ID check, if not the handling reverts to the GCR only sequence described in 13.3.x.2.2.
13.3.x.3
Inter-BSS Simultaneous Handover that Breaks LCLS

13.3.x.3.1
Connection for Model for Simultaneous Handover that breaks LCLS (CN UP de-activated during LCLS)
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Figure 13.3.x.3.1.1: Simultaneous Inter-BSS Handover Connection Model that breaks LCLS and CN User Plane is de-activated during LCLS
13.3.x.3.2
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.
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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 locall 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.

Figure 13.3.x.3.2.1: Simultaneous Handover that breaks LCLS and CN User Plane is de-activated during LCLS - GCR only
13.3.x.3.3
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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11. LCLS Status Update: LCLS-Status = not 

connected, targetBSS-2 ID


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.
Figure 13.3.x.3.3.1: Simultaneous Handover that breaks LCLS and CN User Plane is de-activated during LCLS - GCR plus BSS ID mandatory
13.3.x.3.4
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.x.3.3 if all nodes support the BSS ID check, if not the handling reverts to the GCR only sequence described in 13.3.x.3.2.
13.3.x.4
Simultaneous Inter-MSC Handover that Maintains LCLS
13.3.x.4.1
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.x.2.2. 
13.3.x.4.2
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.x.2.3.
13.3.x.4.3
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.
* * * 
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