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1. Introduction
The current version of the TR contains a section describing basic handover (including BSS Id signaling) however it is submitted that this current proposal is far from optimal.
2. Reason for Change
While a LCLS call is connected in a BSS there is no UP required up to the Access MGW. When inter-BSS handover is required the CN must prepare the UP connections for the new BSS which will result in a break of LCLS and the user plane being switched through the CN. In a normal (Non-LCLS) handover the Access MGW must configure its user plane to connect to the new BSS but also keep the old BSS connection while the handover occurs, this is not required for LCLS. Currently the handover sequence in clause 13 assumes that the access MGW must connect to the serving BSS and re-connects the user plane through the core network. This will result in a greater break in the speech path than if this is controlled by the BSS.
3. Conclusions

The current signaling solution is incorrect and should be replaced.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889 v 1.2.0
* * * First Change * * * *

13.3
Handover Scenarios

13.3.1
Basic handover solutions

<this contains example handover flows based on GCR+BSSId 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+BSSId 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
Connection Model
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Figure 13.3.1.1.1.1: Inter-BSS Handover Connection Model when LCLS is broken
13.3.1.1.2
Inter-BSS Handover with BSS informing CN when LCLS is broken
13.3.1.1.2.1
Basic Sequence
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1. HO Required

2. HO Request+ GCR + LCLS-

ConnectionStatusControl= Connect, LCLS-Preference

3.HO Request Ack(+ LCLS-Status: Call not local)

9. HO CMD

TargetBSS-1'
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10a.LCLS_NOTIFICATION(LCLS-
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10b.LCLS_NOTIFICATION(LCLS-

Status = disconnected)

4b. LCLSStatus Update: APM [LCLS Status = 

prepare for LCLS disconnection, tBSSId]

MGW-1

MGW-2

4a. ADD Termination for Target BSS, MOD 

Termination towards MGW2 to active

5. MOD Termination towards MGW1 

and towards BSS-1 to active

8. LCLSStatus Update: APM[LCLS 

Status = ready for LCLS disconnection]

7.LCLS_CONNECT_CONTROL_ACK

(LCLS-Status)  

6.LCLS_CONNECT_CONTROL(LCLS-

ConnectionStatusControl = "bicast") 

13. LCLSStatus Update: APM [LCLS Status = LCLS 

disconnected]


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 can know that an inter-BSS handover at one end will break local switch but in this sequence the decision at what point local switching is broken is left to the BSS.

2.
Anchor MSC sends HO Request to Target BSS-1 with GCR and LCLS-ConnectionStatusControl indicating "call can be locally switched" and LCLS-Preference indicating what was previously negotiated (e.g. LCLS both-way permitted and may additionally indicate if call leg correlation is needed or not). 
Editor's Note:
a separate contribution is needed to discuss what control indications we require and potentially where they should go. Potentially we have LCLS-Preference which describes the connectivity required/agreed through end to end negotiation and separately we could have a control IE which indicates whether to prepare for LCLS/Bicast during Handover, just store GCR-no correlation…and so on, or they could be combined into a single IE but still sepate fields/flags.
3.
Target BSS-1' returns acknowledgment and also indicates that call is not local, LCLS not feasible.

4a.
 Anchor MSC re-activates the User Plane at its MGW towards the next CN MGW and connects a new leg to the Target BSS-1'.

4b. 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 also signalled to the far end MSC.
5.
Far end MSC re-configures its MGW connections to be active.

6.
Far end MSC requests BSS to start sending data UL. This triggers the BSS to bicast as the Access MGW would in a non-LCLS inter-BSS handover.
7.
BSS confirms that bicasting is active.

8.
Far End MSC returns confirmation to change in LCLS Status (i.e. that CN user plane is active)

9.
Anchor MSC triggers HO command.
10.
 Serving BSS informs MSC Servers that LCLS is broken via LCLS-Notification.




11.
 MS is detected at target BSS-1'. BSS1/BSS2 continues to bicast user plane data until Handover Complete is received,
12.
 Handover Complete. 
13.
 Anchor MSC informs succeeding CN nodes that LCLS is finally disconnected.
13.3.1.1.2.2
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 connection is finally broken, thus keeping connection within BSS for as long as possible.

-
no MGW connections towards serving BSS required.


Cons:

13.3.1.1.3
Inter-BSS Handover with CN determining when LCLS is broken

13.3.1.1.3.1
Basic Sequence
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Figure 13.3.1.1.3.1.1: 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-activate their User Plane. The new target BSSId 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-1' and activates the user plane to both serving and target BSS-1'.

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-1'.

4.
Anchor MSC sends HO Request to Target BSS with GCR and LCLS-ConnectionStatusControl indicating "LCLS connection" and LCLS-Preference indicating "LCLS permitted, call leg correlation not required".

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).
13.3.1.1.3.2
Pros and Cons of Intra-BSS Handover with BSS informing CN when LCLS is broken

Pros:

-
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.
-
LCLS is broken immediately Serving MSC knows that call is no longer intra-BSS but this breaks the speech path too soon as BSS has no control of the user plane.
* * * Next Change * * * *

13.3.1.1.4
Conclusions on Inter-BSS Handover that breaks Local Switching
In order to maintain the user plane connection for as long as possible the BSS should be in control of the break of local switching and the CN signalling should support the break by preparing the CN user plane and signal to the BSS to bicast the user plane data instead of the CN MGW. Therefore the first approach in subclause 13.3.1.1.2 is recommended.
13.3.1.2
Inter-BSS Handover that establishes Local Switching
13.3.1.2.1
Connection Model
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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 perforns this check using target BSSId (see 13.3.2 or 13.3.3 for more details).

3.
Anchor MSC performs HO request to target BSS with GCR and LCLS-ConnectionStatusControl set to "Prepare to connect LCLS and include the call correlation flag" and LCLS-Preference set to what was previously negotiated (e.g. LCLS both-way connect).
4.
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-1' may bicasts the user plane in preparation for receiving the new MS.
5.
HO Request Ack contains LCLS-Status indicating whether local call has been found. Call not yet locally switched.

6.
Anchor signals HO Command.

7.
MS is detected at target BSS. Target BSS-1' may be bicasting the user plane and continues to pass data UL to CN./receive data DL from CN until HO Complete is received.
8.
HO Complete signalled from target BSS including LCLS-Status indicating call is locally switched. 

8a.
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).

9.
Anchor MSC signals LCLS connection in LCLS-Status-Update meesage to far end, also alerting any nodes in the path that they must de-activate their User Plane. The new target BSSId is also signalled to the far end MSC.

9a.
Anchor MSC de-activates the User Plane at its Anchor MGW and removes the call leg to the old serving BSS.

9b.
Far end nodes de-activate user plane connections. Far end MSC Server overwrites the BSSId for the other end with the new BSSId received with the LCLS-Status-Update.

13.3.1.5
Inter-BSS Handover that leaves a not Locally Switched Call unchanged
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 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. 



* * * Next Change * * * *

13.3.2
Specific handover scenarios and analysis of GCR plus mandatory support of BSS Id solution

< this contains example handover flows specific to GCR+BSSId mandatory, using the flow(s) in 13.3.1 as a basis, indicating any deviations. It contains an analysis of the specific aspects of this call leg correlation method with pros and cons. >

Editor's Note: 
the contents of this chapter needs to be aligned with the agreed basic handover flows in 13.3.1 as a basis, indicating any deviations. It needs to contain an analysis of the specific aspects of this call leg correlation method with pros and cons. 
13.3.2.1
Inter-BSS Handover that terminates Local Switching: GCR plus mandatory support of BSS Id solution

13.3.2.1.1
Technical description

The sequence described in Figure 13.3.1.1.2.1.1 is proposed to be followed. When BSS ID is mandatory the serving MSC shall always include the new (target) BSS ID at step 4b when signalling the change of status of LCLS to the far end. And MSC shall check if the new BSS Id matches the one stored for the far end, if not it shall not request the Target BSS-1' to perform call correlation. In this scenario it is assumed that the Target BSS-1' Id does match the BSS Id stored for the far end and therefore the MSC does request the Target BSS-1' to perform call correlation.
When the far 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.
If the far end also performs an inter-BSS handover at the same time then the stored BSS Id at the MSC handling the first Inter-BSS handover may make an erroneous decision to request that no call leg correlation occurs.  This could be later rectified by the far end MSC when it receives the updated BSS Id but it means it must perform another BSS Id check and signal to the BSS to perform LCLS correlation if it finds that the far end BSS matches its new BSS. 
Since this collision will result in both MSCs receiving updated BSS Ids during or after the inter-BSS handover they will both need to perform a subsequent BSS Id check and if the outcome is found to be different to the current LCLS-Status signalled through the CN then both MSCs will request the BSS to perform a call correlation. Since both MSCs already sent HO Request with LCLS-Preference indicated "do not perform call leg correlation" then either a new message needs to be introduced indicating update of call leg correlation flag or the LCLS_CONNECT_CONTROL might be used. But currently LCLS-ConnectionStatusControl only indicates whether BSS can locally switch the call or not. 
Editor's Note:
a separate contribution is needed to discuss what control indications we require and potentially where they should go. Potentially we have LCLS-Preference which describes the connectivity required/agreed through end to end negotiation and separately we could have a control IE which indicates whether to prepare for LCLS/Bicast during Handover, just store GCR-no correlation…and so on, or they could be combined into a single IE but still sepate fields/flags.
Furthermore since both MSCs will perform subsequent BSS Id check both of them will try to establish LCLS and both MSCs will trigger LCLS Update message to far end, also alerting any nodes in the path that they must de-activate their User plane.
13.3.2.1.2
Pros and Cons of Inter-BSS Handover that terminates Local Switch: GCR + mandatory support of BSS Id solution

Pros:
-
 
Cons:
-
Anchor MSC must determine new global BSSId for each inter-BSS handover and include in LCLS-Status-Update message to far end.

-
Far end MSC has extra task to perform to store new BSS Id.
-
If far end also performs inter-BSS handover at the same time the BSS may terminate LCLS when in fact it did not need to – since without the mandatory support for BSS Id check the BSS will make this correlation and if at the end of the procedure it finds the two legs matching it need not break the LCLS.
-
Both MSCs may have to perform a BSS Id check and request call leg correlation to the BSS if an Inter-BSS handover occurs at the same time in both Mobile Stations.
13.3.2.2
Inter-BSS Handover that establishes Local Switching: GCR plus mandatory support of BSS Id solution
13.3.2.2.1
Technical description

The sequence described in Figure 13.3.1.2.2.1is proposed to be followed. When BSS ID is mandatory the serving MSC shall always generate a new global BSS ID for the new (target) BSS ID at step 2. It shall then check if the new BSS ID matches the previously stored far end's BSS ID. If matching then the Anchor MSC shall set the call correlation flag to "correlation needed" at step 3. If they do not match then Anchor MSC shall set the call correlation flag  to "no call correlation needed". After handover complete, the serving MSC shall inform the remote end MSC with new BSS ID.
When the far 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.
If the far end also performs an inter-BSS handover at the same time then the stored BSS Id at the MSC handling the first Inter-BSS handover may make an erroneous decision to request that no call leg correlation occurs.  This could be later rectified by the far end MSC when it receives the updated BSS Id but it means it must perform another BSS Id check and signal to the BSS Id to perform LCLS correlation if it finds that the far end BSS matches its new BSS. 

Since this collision will result in both MSCs receiving updated BSS Ids during or after the inter-BSS handover they will both need to perform a subsequent BSS Id check and if the outcome is found to be different to the current LCLS-Status signalled through the CN (in this case new status indicates LCLS termination) then both MSCs will request the BSS to disconnect LCLS call. Furthermore both MSCs will trigger LCLS Update message to far end, also alerting any nodes in the path that they must activate their User plane.
13.3.2.2.2
Pros and Cons of Inter-BSS Handover that establishes Local Switch: GCR + mandatory support of BSS Id solution

Pros:
· Anchor MSC only requests the target BSS to perform correlation when it determines that the call is served by the same BSS (i.e. locally stored BSS ID of far end matches new target BSS ID). Thus target BSS does not perform call leg correlation in all cases. 
· NOTE: 
in this scenario where the BSS Id matches after handover there is no actual benefit – this "pro" is only valid when in fact the Inter-BSS handover does not change the LCLS Status.
Cons:
· Simultaneous handover occurring at far end means two ends are not synchronised. Anchor MSC may determine that call is intra-BSS when it is not, or that call is not intra-BSS when it is but then no request to perform LCLS is made to the (target) BSS.

· Additional processing in Anchor MSC to generate new BSS ID and signal to far end.

· Additional step by far end MSC Server to overwrite old BSS Id with new BSS Id

· Undefined procedures for far end MSC – should it always perform a check of new BSS Id with its local BSS Id in case they now match (updates have crossed between MSC Servers)? 

-
Both MSCs may have to perform a BSS Id check and request call leg correlation to the BSS if an Inter-BSS handover occurs at the same time in both Mobile Stations.
-
Additional CN signalling to pass the new BSS Id even if no change of LCLS-Status required.
13.3.2.3
Inter-BSS Handover that leaves a not Locally Switched Call unchanged: GCR plus mandatory support of BSS Id solution
13.3.2.3.1
Technical description

The procedure follows Figure 13.3.1.2.2.1  however if the MSC finds that the Target BSS Id does not match the locally stored BSS Id for the far end it shall not request Call Correlation at step 3. The  MSC shall not signal LCLS Status Update and therefore CN shall not release/deactivate any user plane resources however the MSC shall send a separate message through the CN to update the far end of the new Target BSS Id. 
If the far end also performs an inter-BSS handover at the same time then the stored BSS Id at the MSC handling the first Inter-BSS handover may make an erroneous decision to request that no call leg correlation occurs.  This could be later rectified by the far end MSC when it receives the updated BSS Id but it means it must perform another BSS Id check and signal to the BSS Id to perform LCLS correlation if it finds that the far end BSS matches its new BSS. 

Since this collision will result in both MSCs receiving updated BSS Ids during or after the inter-BSS handover they will both need to perform a subsequent BSS Id check and if the outcome is found to be different to the current LCLS-Status signalled through the CN then both MSCs will request the BSS to perform a call correlation. Since both MSCs already sent HO Request with LCLS-Preference indicated "do not perform call leg correlation" then either a new message needs to be introduced indicating update of call leg correlation flag or the LCLS_CONNECT_CONTROL might be used. But currently LCLS-ConnectionStatusControl only indicates whether BSS can locally switch the call or not. Furthermore since both MSCs will perform subsequent BSS Id check both of them will try to establish LCLS and both MSCs will trigger LCLS Update message to far end, also alerting any nodes in the path that they must de-activate their User plane.

13.3.2.3.2
Pros and Cons of Inter-BSS Handover that leaves a not Locally Switched Call unchanged: GCR + mandatory support of BSS Id solution

Pros:
-
BSS call correlation is not performed if the MSC determines the Target BSS Id and far end BSS Id do not match
Cons:
· Additional signalling through the CN to pass the BSS Id even though no change to LCLS status.
· Additional impact in far end MSC to store the new BSS Id, even though no change to LCLS status or no local handover.
· If far end also performs inter-BSS handover at the same time the BSS may assume no LCLS when in fact it may establish LCLS – since without the mandatory support for BSS Id check the BSS will make this correlation and if at the end of the procedure it finds the two legs matching it will permit the LCLS.
· Both MSCs may have to perform a BSS Id check and request call leg correlation to the BSS if an Inter-BSS handover occurs at the same time in both Mobile Stations
Editor's Note:
Pros and Cons are required to be completed.

* * * Next Change * * * *

13.3.3
Specific handover scenarios and analysis of GCR plus optional support of BSS Id solution

< this contains example handover flows specific to GCR+BSSId optional, using the flow(s) in 13.3.1 as a basis, indicating any deviations. It contains an analysis of the specific aspects of this call leg correlation method with pros and cons. >

Editor's Note: 
the contents of this chapter needs to be aligned with the agreed basic handover flows in 13.3.1 as a basis, indicating any deviations. It needs to contain an analysis of the specific aspects of this call leg correlation method with pros and cons. 

13.3.3.1
Inter-BSS Handover that terminates Local Switching: GCR plus optional support of BSS ID solution
13.3.3.2
Inter-BSS Handover that establishes Local Switching: GCR plus optional support of BSS ID solution
13.3.3.3
Inter-BSS Handover that leaves a Local Switching unchanged: GCR plus optional support of BSS ID solution
13.3.3.4
Inter-MSC Handover that establishes Local Switching: GCR plus optional support of BSS Id solution
13.3.3.5
Inter-MSC Handover that terminates Local Switching: GCR plus optional support of BSS Id solution
13.3.3.6
Inter-MSC Handover that leaves a Local Switching unchanged: GCR plus optional support of BSS Id solution

13.3.4
Handover Sequences for GCR Method

Editor's Note: 
the contents of this chapter needs to be aligned with the agreed basic handover flows in 13.3.1 as a basis, indicating any deviations. It needs to contain an analysis of the specific aspects of this call leg correlation method with pros and cons. 
13.3.4.1
Inter-BSS Handover that terminates Local Switching: GCR Solution 
13.3.4.1.1
Technical description
The general Inter-BSS handover procedure is specified in 3GPP TS 23.009 [9]. Figure 13.3.1.1.2.1.1 illustrates a call flow for Inter-BSS Handover that terminates Local Switching where the MSC shall not perforn  BSS Id checks nor include BSS Id signalling through the CN.








 
13.3.4.1.2
Pros and Cons of Inter-BSS Handover that terminates Local Switch GCR Solution

Pros:
· the MSC does not perform any checks on BSS Id nor include any signalling of the BSS Id through the CN
· No impact to the far end MSC if the LCLS status is unchanged.
· If simultaneous handovers occur the BSS resolves whether the call can be locally switched rather than relying on out of band signalling between MSCs which can have inherent latency.
Cons:
- 

13.3.4.2
Inter-BSS Handover that establishes Local Switching: GCR Solution 
13.3.4.2.1
Technical description
Figure 13.3.1.2.2.1 illustrates a call flow for Inter-BSS Handover that establishes Local Switching where the MSC does not perform any checks on BSS Id nor signals the BSS Id to the far end MSC. 













13.3.4.2.2
Pros and Cons of Inter-BSS Handover that establishes Local Switching GCR Solution

Pros:
· the MSC does not perform any checks on BSS Id nor include any signalling of the BSS Id through the CN.
· No impact to the far end MSC if the LCLS status is unchanged.
· If simultaneous handovers occur the BSS resolves whether the call can be locally switched rather than relying on out of band signalling between MSCs which can have inherent latency.
Cons:
-
13.3.4.3
Inter-BSS Handover that leaves a not Locally Switched Call unchanged: Unique Call Identifier (GCR) Solution
13.3.4.3.1
Technical description

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 signal LCLS Status Update and therefore CN shall not release/deactivate any user plane resources. 


13.3.4.3.2
Pros and Cons of Inter-BSS Handover that leaves a not Locally Switched Call unchanged: GCR Solution

Pros:
· the MSC does not perform any checks on BSS Id nor include any signalling of the BSS Id through the CN.
· No impact to the far end MSC if the LCLS status is unchanged.
· If simultaneous handovers occur the BSS resolves whether the call can be locally switched rather than relying on out of band signalling between MSCs which can have inherent latency.
Cons:
-
* * * Next Change * * * *
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