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1. Introduction

Handover procedures are described in several places in the current version of the TR and the descriptions need to be aligned as shown in this contribution.

In the current version of TR 23.889 there are several editor's notes regarding handovers during LCLS that should be resolved. Some of the issues were discussed in the recent GERAN2 meeting, which also provided feedback to CT4 about the questions. 
The description of user plane handling in Inter-BSS handovers is made more specific and moved to its own subclause of Clause 7. 

2. Reason for Change

There are duplications of handover descriptions in the TR and some contradicting descriptions that need to be clarified. The structure of Clause 7 should be simplified and the description of user plane handling in Inter-BSS handovers should be specific.

The descriptions of the GCR only based solution should be based on the general descriptions and the questions about LCSL during handovers should be resolved. 
3. Conclusions

<Conclusion part (optional)>

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889, version 1.2.0.

* * * First Change * * * *

7.3
General descriptions of Inter-BSS Handovers with LCLS 
7.3.1
Inter-BSS Handovers and LCLS that terminates Local Call


Here it is assumed that LCLS is established and ongoing within one BSS and then one of the call parties (oMS or tMS) moves out of the common BSS serving area and therefore the Local Switch between oBSS and tBSS can no longer be maintained. The following issues need to be considered:

· BSS needs to determine that one MS associated to an LCLS connection is leaving the BSS serving area and signals to MSC Server that LCLS has to be broken.

· This could be signalled implicitly by the Handover Required message (the MSC Server can determine that easily by the target cell ID), or explicitly in the Handover Required message or explicitly via the LCLS Status message. What is important however, is that the Local Switch is not interrupted, until the Handover is executed (to avoid breaking LCLS in the event that the handover does not occur).
· The voice service quality of LCLS related calls shall be ensured during Inter-BSS (and Inter-MSC) handovers. It would therefore be beneficial that the serving BSS copies both the User Plane Data streams immediately in uplink direction (without breaking LCLS!) for the transmission through the Core Network to have them available for the target BSS already before the handover is executed, see subclause 7.5.1.

· The MSC Server needs to handle the Inter-BSS handover as usual, but shall also inform the rest of the CN nodes that LCLS was dropped (some nodes may permit LCLS but will need to know when the user data is running back through the CN. It is important for an optimal handover that the User Plane through the Core Network is established before the handover is executed, see subclause 7.5.1.




Subclause 13.3.1.1 describes the basic general call flow for an Inter-BSS Handover that terminates LCLS. 
7.3.2
Inter-BSS Handover that establishes Local Call


Here it is assumed that the call is ongoing between two BSSs as usual, i.e. with the voice path through the Core Network; Local Switch is not established. But we assume that both BSSs received the LCLS-Preference from their MSC Server, saying that LCLS is permitted. They also received GCR for this call.
Subclause 13.3.1.3 describes the basic general call flow for an Inter-BSS Handover that allows LCLS to be established. 
One subscriber moves into a cell area supported by the same BSS as the other party with whom they are connected. The following issues need to be considered:

-
The old, still serving BSS, which is about to be left behind by the moving MS, sends a legacy Handover Required message to the serving MSC Server; the call is ongoing.

-
The MSC Server sends the Handover Request message to the target BSS with all the usual AoIP-related parameters, especially the Codec List (MSC Preferred) and with the Global Call Reference (GCR) for the ongoing call, together with the LCLS-Preference and LCLS-ConnectControlStatus, in this example: LCLS is allowed, meaning for example that no network nodes require access to the user plane. LCLS-ConnectStatusControl is used to indicate whether the call can be locally connected or not, in this example LCLS can be established. CN might give permission to connect the call locally during the handover or after the handover procedure has been completed by sending LCLS-CONNECT_CONTROL message with LCLS-ConnectStatusControl IE.
Editor's Note:
In the above text this is only applicable to AoIP. AoTDM should be described separately or the text made more general.

NOTE: 
The content and usage of the LCLS-Preference IE is dependant on whether the MSC checks if the call is Intra-BSS or not, see Clause 13.

-
The target BSS sees the LCLS-Preference and correlates this GCR to all ongoing calls in the target BSS to determine whether it has already received another assignment with the same GCR, which would be a candidate for a Local Switch. In our example here that is the case and LCLS is potentially feasible. Important to note is: the other call is already ongoing and that is a fundamental difference to the call setup case;

-
The target BSS selects the best fitting, LCLS-compatible Codec out of the Codec List (MSC Preferred) and hopefully this is successful for LCLS; otherwise LCLS is not (directly) possible;

-
The target BSS prepares the new radio leg and reports the parameters back in the usual Handover Request  Acknowledgment message, together with the LCLS-Status: LCLS is feasible, but not established though CN gave permission to establish LCLS connection.

-
The serving MSC Server prepares the serving MGW for the handover and the speech data in DL are forked to the old and new BSS, the old connection is still intact, the call is not interrupted. The old BTS and the new BTS send the speech data in DL onto the air interface.

-
The old serving BSS sends the Handover Command to the MS and the handover is executed.

-
As soon as the target BSS detects that the mobile has arrived at the target BSS, it may establish the Local Switch; the speech path delay gets shorter and the speech quality remains or improves.

-
Now the serving MSC Server is informed, both that the Handover was completed and that the Local Switch was established. The MSC Server informs all other Nodes (including the far end MSC) within the call path (MSC Servers and MGWs) that Local Switch is established, this is described in subclause 8.2. 

-
The BSS shall update the serving MSC's (local and remote) with the LCLS-Status.

-
Old access termination BSS and the MGW resources are released for this call. 

7.3.3
Inter-BSS Handover that leaves Local Switching unchanged 

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.
7.4
Inter-MSC Handover Scenarios

7.4.1
General Considerations

The differences for LCLS when considering Inter-MSC handovers compared to Inter-BSS handover within the same MSC is that any call leg correlation Id and LCLS Preference negotiated from the other party known by the Anchor MSC needs to be passed to the Non-Anchor MSC. Additionally when LCLS is established or stopped the LCLS status signalling needs to be passed through the Anchor MSC; this signalling occurs after the handover to the new BSS occurs, the Anchor MSC shall then determine whether the LCLS status has changed and therefore whether this status needs to be propagated through the CN.

7.4.2
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.

7.5 
LCLS user plane handling in Inter-BSS and Inter-MSC handovers
In order to ensure good voice service quality, it seems safest to first re-establish the normal voice path via the core network without breaking LCLS and then execute the Inter-BSS handover as usual. The old BSS should keep only the unaffected leg of the call and terminate LCLS, taking the user plane data from the CN in DL. The old BSS shall send user plane data copies in uplink, i.e. bicasting, so that the Target BSS will get speech data in DL via CN. In some scenarios this means that the speech path delay will jump up (300ms one way) and this causes an unavoidable gap in the speech communication in one direction. In the other direction the user will hear a short part of the voice signal a second time (300ms).

7.6 
LCLS handling when a handover failed

7.6.1 
General

LCLS may become possible after an Inter-BSS handover if both call legs are within the same BSS after the handover was successfully completed. If such a handover fails the MS may continue the call in the source BSS if possible and LCLS is not established. 
LCLS becomes impossible after a handover makes the LCLS call not local. If such a handover fails the MS may continue the call in the source BSS if possible and if LCLS was established before the handover attempt, the source BSS may keep LCLS established if possible. 
NOTE: 
According to 3GPP TS 23.009 [9], in all handover failure cases the existing connection to the oMS shall not be cleared except in the case of expiry of the timer for HO Complete and the call may therefore continue in the source BSS, if possible, after a failed handover.
* * * Next Change * * * *

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 with BSS informing CN when LCLS is broken

13.3.1.1.1
Basic Sequence
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Figure 13.3.1.1.1.1: 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 with GCR and LCLS-ConnectionStatusControl indicating LCLS permitted and LCLS-Preference indicating whether LCLS is permitted or not and whether call leg correlation is needed in the BSS or not. It is noted that the Anchor MSC always sends the GCR for all handover call legs to the Target BSS, because the Target BSS may need the GCR for possible later LCLS call correlations.
3.
Target BSS returns acknowledgment and also indicates that call is not local, LCLS not feasible.

4.
Anchor MSC triggers HO command.

5.
Serving BSS-1 and BSS-2 inform their respective MSC Servers that LCLS is broken using LCLS-Notification. The BSS-1 may decide to release the local switching and inform the MSC servers at any time during the handover preparation procedure, but latest when the HANDOVER COMMAND is received.
6.
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. This is the preferred moment of this step in the procedure. The other alternative to send this core network message after HANDOVER COMPLETE is not preferred, because it may cause breaks in the voice communication due to late activation of intermediate resources. 
If there is a handover failure, additional LCLS Notification update messages may be needed within the core network, see subclause 7.6.1.
7a.
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.

7b.
Far end nodes activate user plane connections.

8.
MS is detected at target BSS.

9.
The Inter-BSS handover is completed and Target BSS informs MSC-1 Server about the LCLS status of the call. (MSC-1 shall also release MGW-1 connections to old serving BSS-1).

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. 
13.3.1.1.2
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 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.

13.3.1.2
Inter-BSS Handover with CN determining when LCLS is broken

13.3.1.2.1
Basic Sequence
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Figure 13.3.1.2.1.1: 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 and LCLS-ConnectionStatusControl indicating LCLS permitted and LCLS-Preference indicating call leg correlation is 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).

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 eg any handover process has been successfully completed on both call legs. 
13.3.1.2.2
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.

13.3.1.3
Inter-BSS Handover that establishes Local Switching

13.3.1.3.1
Basic Sequence
In this scenario it is assumed that a non-locally switched call was established before the Inter-BSS handover.
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Figure 13.3.1.3.1.1: 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 BSS ID (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 "connect LCLS" and LCLS-Preference set to "call correlation needed".

4.
target BSS performs call leg correlation with GCR to find if another call leg is active with same GCR. If a local call is found, it is reported in HO Request Acknowledge.

5.
HO Request Ack contains LCLS-Status indicating that a local call has been found. Call not yet locally switched.

6.
Anchor MSC signals HO Command.

7.
MS is detected at target BSS.

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 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-active their User Plane. The new target BSS ID 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 BSS ID for the other end with the new BSS ID received with the LCLS-Status-Update.

LCLS may become possible after an Inter-BSS handover if both call legs are within the same BSS after the handover was successfully completed. 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 creating an Intra-BSS local call. The target BSS shall only establish LCLS when both call legs are connected and eg any handover process has been successfully completed on both call legs. 
13.3.1.4
Inter-BSS Handover that leaves a not Locally Switched Call unchanged
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.
If the MSC does not check if the call becomes Intra-BSS call after the Inter-BSS handover, eg because the BSS ID is not used in the core network, the Anchor MSC shall set LCLS Preference to indicate that the Target BSS shall do call correlation using GCR as described in subclause 13.3.1.1. The difference is that the step 5a, 5b, 7a and 7b are not required, because the call did not have LCLS established to start with.

If the MSC determines that the call does not become Intra-BSS call after the Inter-BSS handover, eg using the BSS ID, the procedure in subclause 13.3.1.2 is applied. The difference is that the step 3a and 3b are not required because the call did not have LCLS established to start with.

13.3.1.5
Inter-MSC Handover that establishes Local Switching
The procedure in this case is similar with subclause 13.3.1.3. The difference is when the source MSC receives the HO required, it informs the target MSC about the GCR + tBSS ID.  The behaviour of target MSC is similar to MSC-1 in subclause 13.3.1.3. After the handover is completed, the target MSC sends LCLS-status and tBSS ID to source MSC rather than to the remote end MSC. And then the source MSC forwards this information to remote end MSC. 
Editor's Note:
This case requires checking and a proper message sequence is required to be detailed.

13.3.1.6
Inter-MSC Handover that terminates Local Switching
If the MSC does not check if the call becomes Intra-BSS call after the Inter-BSS handover, eg because the BSS ID is not used in the core network as described in subclause 13.3.1.1, then the procedure in subclause 13.3.1.1 is applied. The difference is when the source MSC receives the HO required, it informs the target MSC about the GCR + tBSS ID.  The behaviour of target MSC is similar with MSC-1 in subclause 13.3.1.1. After the handover is completed, the target MSC sends LCLS-status and tBSS ID to source MSC rather than to the remote end MSC. Then the source MSC forwards this information to remote end MSC. 

If the MSC makes the pre-check then procedure in subclause 13.3.1.2 is applied. The difference is same as above.
Editor's Note:
This case requires checking and a proper message sequence is required to be detailed.

13.3.1.7
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 13.3.1.4. The difference is that when the source MSC receives the HO required, it informs the target MSC about the GCR + tBSS ID.  The behaviour of target MSC is similar to MSC-1 in subclause 13.3.1.4. After the handover is completed, the target MSC sends LCLS-status and tBSS ID to source MSC rather than to the remote end MSC. And then the source MSC forwards this information to remote end MSC.
* * * Next Change * * * *

13.3.4
Handover Sequences for GCR Method


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] and subclause 13.3.1.1 in this TR describes the basic general call flow of an Inter-BSS handover that breaks LCLS. Figure 13.3.4.1.1 illustrates a call flow for Inter-BSS Handover that terminates Local Switching when only GCR is used and the BSS ID is not available or not used within the core network. New messages and new elements are marked in red colour in the figure. oBSS and tBSS are the same physical nodes. 
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Figure 13.3.4.1.1.1: Inter-BSS Handover that terminates Local Switching

It is assumed that before the inter-BSS handover the call is locally switched. The description below describes the main differences from the basic general call flow described in subclause 13.3.1.1.
1.
Same as in 13.3.1.1. Inter-BSS handover is initiated for one call leg.
2.
Variation of 13.3.1.1: the LCLS-Preference indicates to the Target BSS that the Target BSS shall do call leg correlation. Note that the MSC should permit LCLS (or not) even without knowing whether the call is a local one. In other words, the permission indication from the MSC should depend on LI issues (dependent on LI solution), ongoing Supplementary Services, etc., and not on whether the call is local or not.  
3.
Variation of 13.3.1.1: The TargetBSS checks the GCR and determines that the call which was handed over is not local to the TargetBSS and sends such an indication to the oMSC Server. 
4.
Same as in 13.3.1.1: Anchor MSC triggers HO command. 
5.
Same as in 13.3.1.1: The Serving oBSS and tBSS inform their respective MSC Servers that LCLS is disconnected using LCLS-Notification. 
6.
Different from 13.3.1.1: The Anchor oMSC sends the LCLS-Status indication to the tMSC, but the Anchor oMSC does not send any Target BSS ID to the far end. 
If there is a handover failure additional LCLS update messages may be needed within the core network, see subclauses 7.6.1 and 13.3.4.7.
7.
Same as step 8 in 13.3.1.1: MS is detected at target BSS. (Steps 7a and 7b of 13.3.1.1 are not included in this Figure.)
8.
Same as step 9 in 13.3.1.1: The Target BSS informs oMSC Server about the LCLS status of the call, etc.



It should be noted that with this solution there is no need to update the BSS ID within the core network after any Inter-BSS handover. Since the Unique Call Identifier GCR does not change in Inter-BSS handovers, there is no need to update the GCR within the Core Network during or after the handover procedure. 
13.3.4.1.2
Pros and Cons of Inter-BSS Handover that terminates Local Switch GCR Solution

Pros:
· The big pro with this solution is that there is no need for the Anchor MSC to update the BSS ID within the core network after any Inter-BSS handover. 
· There is no need to standardize the BSS ID.
· There is no need to standardize signalling to carry the BSS ID within the core network
Cons:
- 
the Target BSS has to check whether the handover call leg can be locally switched or not.
13.3.4.2
Inter-BSS Handover that establishes Local Switching: GCR Solution 
13.3.4.2.1
Technical description

Figure 13.3.4.2.1.1 illustrates a call flow for Inter-BSS Handover that establishes Local Switching. New messages and new elements are marked in red colour in the figure and only the differences compared to the general basic call flow in 13.3.1.3 are explained. 
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Figure 13.3.4.2.1.1: Inter-BSS Handover that establishes Local Switching
In this scenario it is assumed that the inter-BSS handover change a not local call into a local one.
1.
Same as 13.3.1.3: The source BSS sends the HANDOVER REQUIRED message to the Anchor MSC controlling the corresponding call leg (e.g. the oMSC in Figure 13.3.4.2.1.1)
2.
Same as Step 3 in 13.3.1.3 (Step 2 of 13.3.1.3 is not included in the Figure above even though the same functionality is implicitly described here): The Anchor MSC does not check whether the call is Intra-BSS or not and simply includes both the GCR and the "LCLS Preference" IE indicating whether LCLS is permitted or not and also indicating that the Target BSS shall do LCLS call correlation using GCR Note the signalling for LCLS preference is based on the LCLS negotiation at call set-up and the information included in the Handover Request is the same as that included in the Assignment Request (unless the LCLS permission status for the call changed in the core network for some reason).
3.
Same as Step 4 in 13.3.1.3: By correlating the received GCR with the ones identifying the other call legs, the Target BSS detects that the call is local.
4.
Same as Step 5 in 13.3.1.3: The Target BSS informs Anchor MSC using the "LCLS-Status" IE set to "call local, not yet locally switched") to indicate that the correlation has been found. This is similar to the LCLS handling during call set-up as described in Clause 6.

5-6. The handover execution procedure continues.

7a.
Same as Step 8 in 13.3.1.3: When the handover is complete, the Target BSS triggers local switching (if allowed by the enabling indication LCLS-ConnectionStatusControl IE to "connect" from the MSC in the previous HANDOVER REQUEST message) and correspondingly informs the MSC controlling the call leg under handover using the new information element "LCLS-Status" IE set to "connected" in the HANDOVER COMPLETE (details to be discussed in GERAN). 

7b.
Same as Step 8a in 13.3.1.3: At the same time, the Target BSS (which becomes the same physical node as tBSS in Figure 13.3.4.2.1.1) informs the MSC controlling the other call leg by sending the LCLS-Notification message containing LCLS-Status IE indicating "connected". 
8.
Different from Steps 9 in 13.3.1.3: Anchor MSC signals the LCLS-Status to the other nodes in the path towards the far end MSC, but the Anchor MSC does not send any updated BSS ID to the far end MSC.
(Steps 9a and 9b of 13.3.1.3 are not included in the figure above.)
It should be noted that with this solution there is no need to update the BSS ID within the core network after any Inter-BSS handover. Since the GCR does not change in Inter-BSS handovers, there is no need to update the GCR information within the Core Network during or after the handover procedure. 

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

Pros:
· The big pro with this solution is that there is no need for the Anchor MSC to update the BSS ID within the core network after any Inter-BSS handover. 

· There is no need to standardize the BSS ID.
· There is no need to standardize signalling to carry the BSS ID within the core network 

· the TargetBSS anyhow has to check whether the handover call leg can be locally switched or not, even if the MSC detected that the call was an Intra-BSS call.
· 
Cons:
- 
None
13.3.4.3
Inter-BSS Handover that leaves a not Locally Switched Call unchanged: GCR Solution
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 MSC does not use any BSS ID to check if the call becomes Intra-BSS call after the Inter-BSS handover, therefore the Anchor MSC shall set LCLS Preference to indicate that the Target BSS shall do call correlation using GCR as described in subclause 13.3.1.1. The difference is that the step 5a, 5b, 7a and 7b are not required, because the call did not have LCLS established to start with.


13.3.4.4
Inter-MSC Handover that establishes Local Switching: GCR Solution

13.3.4.4.1
Technical description

The description here is based on the text description in subclause 13.3.1.5 and the basic call flow in subclause 13.3.1.3.1. The main differences are documented with some additional details and the signalling with the Target MSC is also included in the call flow description. 
When it is possible to establish local switching during the handover procedure, the BSS shall inform the target MSC Server that the call has been locally switched in HANDOVER COMPLETE, and the BSS shall also send a BSSAP message (e.g. an LCLS-Notification message with LCLS-Status IE indicating "connected" to inform the tMSC Server that the local switching has been established. The tMSC informs other MSCs involved in the call about the LCLS status.

Figure 13.3.4.4.1.1 illustrates an Inter-MSC Handover Call Flow for when LCLS is established. New messages and new elements are marked in red color in the example call flow. Target BSS and tBSS are the same physical nodes.
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Figure 13.3.4.4.1.1: Inter-MSC Handover Call Flow for the Case LCLS Established using GCR

1.
Same as 13.3.1.3: The call is initially not locally switched. MSC-1 receives HO Required from BSS-1 requesting an inter-BSS handover and MSC-1 therefore becomes the Anchor MSC. 

2.
Variation of 13.3.1.3: Anchor MSC Server passes the GCR and LCLS_Preference/Negotiation IEs in the MAP-Prepare Handover Request message to the target MSC Server, see Note 1. Anchor MSC checks that LCLS negotiation permitted LCLS in CN, but Anchor MSC does not check if the call becomes Intra-BSS after the handover. 
NOTE: 
The Anchor MSC could know that Target BSS is the same as BSS-1 and therefore assume that the call will become Intra-BSS after the handover, even when BSS ID is not used or not available in the core network. This possibility is not included in this description. 
3.
Same as 13.3.1.3: Anchor MSC sends HO request to target BSS with GCR and LCLS-ConnectionStatusControl set to "connect LCLS" and LCLS-Preference set to "call correlation needed".

4.
Same as 13.3.1.3: Target BSS performs call leg correlation with GCR and finds another active call leg with the same GCR. 

5.
Same as 13.3.1.3: HO Request Ack contains LCLS-Status indicating that a local call has been found. Call not yet locally switched.

6.
Target MSC sends HO Request Response with LCLS Negotiation IE indicating any possible change in allowing  LCLS, see Note 2.
7.
The inter-MSC circuit is established.

8.
Same as Step 6 in 13.3.1.3: Anchor MSC signals HO Command.

9.
Same as Step 7 in 13.3.1.3: MS is detected at target BSS.
10.
Target MSC sends MAP Process-Access-Sig Request to Anchor MSC
11.
Similar to Step 8 in 13.3.1.3: HO Complete signalled from Target BSS to Target MSC including LCLS-Status indicating call is locally switched. 

13.
Same as Step 8a in 13.3.1.3: BSS-2 sends LCLS-NOTIFICATION to MSC-2, however, the MSC-2 still needs to receive the LCLS-Status-Update from the Anchor MSC-1. 
14.
Anchor MSC-1 signals LCLS connection in LCLS-Status-Update meesage to MSC-2, also alerting any nodes in the path that they must de-active their User Plane. See Note 3. 
The BSS ID is not used in this solution and therefore BSS ID is not signalled within the CN.

(Steps 9a. and 9b of 13.3.1.3 is also done here but not shown in the figure.) Anchor MSC-1 de-activates the User Plane at its Anchor MGW and removes the call leg to the old serving BSS. Far end nodes de-activate user plane connections. 
NOTE 1: 
the inclusion of LCLS-Preference and an indication whether the call may be locally switched at this time (e.g. LCLS Enabled) is included in MAP signalling and Handover Request to cover the event that a handover occurs prior to the Anchor MSC permitting the call to be through-connected.

NOTE 2: 
the LCLS-Status IE may also be returned in the MAP Send End Signal Request, however we still need a separate LCLS Status Update Message on MAP level for any subsequent LCLS Status changes. 

NOTE 3:
it is possible that there is a further 13a where LCLS Status Update is sent from tMSC to oMSC as tMSC does not know that the status change is due to a handover, and should in principle always convey status changes though the CN.

13.3.4.5
Inter-MSC Handover that terminates Local Switch: GCR Solution 

If an Inter-MSC handover occurs and local call local switch is active but the new BSS cannot re-establish LCLS then the change of LCLS Status is signalled through the CN as for Inter-BSS case described in sub-clause 13.3.4.1. The Inter-MSC signalling is then as described in sub-clause 13.3.4.4 but since LCLS cannot be re-established then steps 12 and 13 should indicate that the call is not locally switched.

13.3.4.6
Inter-MSC Handover that leaves a Local Switching unchanged: GCR Solution

It is assumed that a not-locally switched (i.e. normal CN switched) call was established. When the oMS performs an Inter-MSC handover and the target BSC detects that the present call remains not locally switched after handover and informs the Target MSC accordingly, there is no additional CN signalling apart from the handover signalling between the Target MSC and Anchor MSC as the local switching status does not change (i.e. step 13 as described in sub-clause 13.3.4.4 is not applicable). It is noted that with the GCR only solution the BSS ID is not used and therefore the BSS ID does not need to be updated within CN after the Inter-MSC handover that leaves local switching unchanged.
13.3.4.7 
Failed handover with the GCR based solution

When a handover was successful, the Target BSC only sends the HO Complete message to MSC after the MS has been successfully handed over, see subclauses 13.3.4.1 and 13.3.3.4 for the detailed descriptions of the successful handover procedures when GCR is used.
3GPP TS 23.009 [9] specifies a number of actions to be taken if an Inter-BSS handover fails and the action to be  taken depends on the instance the failure occurred. In all failure cases the existing connection to the MS shall not be cleared except in the case of expiry of the timer for receipt of A-HANDOVER-COMPLETE.

13.3.4.8 
Failing handover that would have broken a LCLS call

When an Inter-BSS handover that was about to break LCLS has failed, the impact on the LCLS procedure differs depending on the type of failure. 


-
If the failure occurred before the HANDOVER COMMAND was sent, the oMSC sends A-HANDOVER-REQUIRED-REJECT to oBSS. oBSS shall keep LCLS established, if possible.

-
If the Target BSS could not establish any connection with the oMS (eg R1-HO-Access was not received from oMS), the Target BSS can not send HO Detect. The oBSS keeps LCLS established if possible and informs oMSC about the failed handover.

-
If the handover failed, ie the oMS was lost (as detected by radio link layers), after the Target BSS had sent HO Detect but before HO Complete, the Target BSS realizes that the call was lost. The oBSS keeps LCLS established if possible and informs oMSC about the failed handover.


13.3.4.9
Failing handover that would have established a call within one BSS

When an Inter-BSS handover, which was about to move one call leg to the same BSS as the other call leg, fails, the impact on the LCLS procedure differs depending on the type of failure. 

-
If the failure occurred before the HANDOVER COMMAND was sent, the oMSC sends A-HANDOVER-REQUIRED-REJECT to oBSS and LCLS can not be established in the Target BSS.

-
If the Target BSS could not establish any connection with the oMS (eg R1-HO-Access was not received from oMS), the Target BSS can not send HO Detect and LCLS can certainly not be established in the Target BSS. The oBSS informs oMSC about the failed handover.

-
If the handover failed, ie the oMS was lost (as detected by radio link layers), after the Target BSS had sent HO Detect but before HO Complete, the Target BSS realizes that the call was lost and should not try to establish LCLS. The oBSS informs oMSC about the failed handover.

-
After the Target BSS has sent HO Complete, the Target BSS shall seek to establish LCLS. If the oMS is lost during or after the LCLS establishment process, the error case should be handled as any loss of a LCLS call leg.

Because the original call leg was not local in oBSS, the oBSS will not try to establish any LCLS after a failed handover to Target BSS, so the LCLS status is not changed in this case.

The oMSC shall anyhow only inform other MSCs about the LCLS status when the LCLS status has changed.

13.4
Comparison and conclusions on Call Establishment and Handover Scenarios
The analysis and functional descriptions of call establishment and handover procedures based on the three solutions documented in the previous subclauses show only minor differences between the solutions. The GCR only solution fulfils all functional requirements given in Clauses 4 and 5 of this TR. Using the BSS ID within the core network would be an additional optmization for the core network with only small benefits, at the cost of added complexity.

The GCR only based solutions will cause less complexity in the Core network signalling, because there is no need to share and update the BSS ID within the core network at call set-up and after every Inter-BSS handover. There is also no need to standardize any BSS ID information, nor any BSS ID signalling within the core network with the GCR only solution. 

Based on the analysis above it is concluded that only the GCR only solution is recommended to be standardized. 
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