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1 Introduction

In this contribution, it discusses all the handover scenarios during call establishment for MSC-based judgement solution. According to the analysis, this paper provides the solution for it.

2 Scenario and analysis
2.1 Basic Assumption

For the handover during call establishment case, the basic assumption is that the call establishment is still not completed when the handover initiated. And according the session status, it can be classified into two classifications:
1) The call is not LCLS before handover simultaneously.

2) The call is LCLS before handover simultaneously.
The following section will discuss it separately.
2.2 No LCLS established before handover
The Fig 1 describes the scenario before the handover. The oBSS-1 and tBSS-1 are the different BSS. 
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Fig. 1

According to the handover direction, it can be divided into 5 scenarios:
2.2.1 Case 1: oMS Performs Handover to Other BSS during Call Established 
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Fig. 2

In the scenario, the oMS performs handover to the TargetBSS during call established. The oBSS, TargetBSS and tBSS are different.
As shown in the Fig. 2, after the handover the oMSC is only needed to update the recently BSS ID to other party. This is the normal procedure. It doesn’t require any thing special.
2.2.2 Case 2: tMS Performs Handover to Other BSS during Call Established
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Fig. 3

In the scenario, the tMS performs handover to the TargetBSS during call establishment. The oBSS, TargetBSS and tBSS are different.

As shown in the Fig. 3, after the handover the tMSC only needs to update the recently BSS ID to other party. This is the normal procedure. It doesn’t require any thing special.

2.2.3 Case 3: oMS Performs Handover to tBSS during Call Established

[image: image4.emf]oMSC

tBSS

tMSC

oBSS

oMS

tMS

×

×

Handover


Fig. 4
In the scenario, as shown in the Fig. 3，the oMS performs handover to the tBSS which the tMS is accessing during call establishment. 

The following issues need to be considered:
· If performing the handover with no bearer before the LCLS Negotiation message received from remote party, the oMSC sends HO Request to Target BSS with GCR, LCLS-Preference indicating LCLS permitted and LCLS-ConnectionStatusControl indicating call leg correlation no needed. After the handover complete, the oMSC sends an APM or COT message including new oBSS ID to remote party. When receiving APM message with LCLS-Negotiation IE from remote party, the oMSC determines the final LCLS-Preference based on returned LCLS-Neg IE and includes in subsequent oAssignment request along with GCR and LCLS_ConntectionStatusControl set to "do not correlate call leg".
· If performing the handover after the LCLS Negotiation message received from remote party, the oMSC checks if Target BSS ID=tBSS ID. If success, the oMSC sends HO Request to Target BSS with GCR, LCLS-Preference indicating LCLS permitted and LCLS-ConnectionStatusControl indicating call leg correlation needed but not connect. At this time, if the tAssignment procedure has not been initiated, Target BSS will fail to correlate other call legs by GCR, it will return acknowledgment and also indicates that call is not local, LCLS not feasible. Otherwise, call is local, LCLS feasible. Then the oMSC signals LCLS connection in LCLS-Status-Update message to far end, also alerting any nodes in the path. The new target BSS Id and LCLS-Status according to target BSS acknowledgment are also signalled to the far end MSC. As receiving the LCLS-Status-Update message, the tMSC check if LCLS-Status indicate that call has been correlated. If success, the tMSC performs terminating side Assignment containing final LCLS-Preference, GCR and LCLS-ConnectionStatusControl which set to "do not correlate call leg". Otherwise, it is set to "correlate but do not connect". In special case, the tMSC is required to re-perform assignment, for example, when receiving the LCLS-Status-Update message, the tMSC has just performed terminating side Assignment. New target oBSS ID is equal to tBSS ID, but the LCLS-Status indicates that call is not correlated. 
2.2.4 Case 4: tMS Performs Handover to oBSS during Call Established
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Fig. 5
In the scenario, as shown in the Fig. 5，the tMS performs handover to the oBSS which the oMS is accessing during call established. 

The following issues need to be considered:
· If the forward bearer establishment procedure is applied on NNI as described in subclause 6.2 of 3GPP TS 23.205, the tMSC may perform the handover with no bearer, but the LCLS Negotiation message has been returned to the oMSC via an APM message. The tMSC checks if oBSS ID = target tBSS ID and determines the final LCLS-Preference based on LCLS-Neg IE within IAM message received after handover complete. The tMSC makes subsequent tAssignment request message along with GCR and LCLS_ConntectionStatusControl IE which set to "correlate call leg". Simultaneous, the tMSC needs to update new tBSS ID to oMSC by APM message after handover complete. If the tAssignment procedure is performed before handover by tMSC, this is the normal procedure. It doesn’t require any thing special.
· If the tMSC perform the handover with no bearer before the LCLS Negotiation message returned, the tMSC is only required to set new BSS ID in the returned APM message.
· When late assignment is used at oMSC, the oMSC may make a mistake of decision for LCLS according to old tBSS ID if the handover happens after alerting. The oMSC is required to re-inform the oBSS to perform the correlation for the Call-leg after the second message received for updating new tBSS ID from tMSC.
2.2.5 Case 5: oMS and tMS Simultaneous Perform Handover to Same BSS during Call Established
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Fig. 6
In the scenario, as shown in the Fig. 6, oMS and tMS simultaneous perform handover to a same Target BSS during call establishment. oMSC and tMSC are required to update new BSS ID each other after handover complete. It is possible that both oMSC and tMSC make a mistake of decision for LCLS according to old BSS ID if the handovers happen after the first LCLS negotiation. It is required oMSC or tMSC to inform the oBSS again to perform the correlation for the Call-leg after the second message received for updating new BSS ID from remote party.
2.3 LCLS established before handover
The Fig 7 describes the scenario before the handover. The oBSS-1 and tBSS-1 are same BSS. 
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Fig. 7
According to the handover direction, it can be divided into 3 scenarios:

2.3.1 Case 6: oMS Performs Handover to Other BSS during Call Established 
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Fig. 8
In the scenario, the oMS performs handover to the TargetBSS during call established. The TargetBSS and BSS are different.

As shown in the Fig. 8, after the handover the BSS fails to correlate call legs by GCR which received in Assignment Request message and informs it to both MSCs. The oMSC is needed to update the new BSS ID to remote party when handover complete. 

In the special scenario, when the handover happened is between alerting and connected. The BSS shall break LCLS and inform the MSCs. The details are described as in subclause 7.3.1. 
2.3.2 Case 7: tMS Performs Handover to Other BSS during Call Established
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Fig. 9
In the scenario, the tMS performs handover to the Target BSS during call established. The TargetBSS and BSS are different.

As shown in the Fig. 9, the tMSC needs to update the new tBSS ID to other party after the handover.
If late assignment is used at oMSC, the oMSC may make a mistake of decision for LCLS according to old tBSS ID. And the BSS will fail to correlate call legs by GCR when the LCLS_ConnectionStatusControl IE is set to “correlate but do not connect” within Assignment Request message.
In the special scenario, when the handover happened is between alerting and connected. The BSS shall break LCLS and inform the MSCs. The details are described as in subclause 7.3.1.
2.3.3 Case 8: oMS and tMS simultaneous Perform Handover to Different BSSs during Call Established
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Fig. 10
In the scenario, as shown in the Fig. 10，the oMS and tMS simultaneous perform handover to the different BSSs during call established. 

The BSS may fail or terminate local switch when the handover happens. Both oMSC and tMSC are required to update the new BSS ID to each other when handover complete.
3 Discussion
According the above analysis, the MSC needs to update new BSS ID to remote party after handover complete. 
In some case, i.e. case 3, 4, and 5, the MSC may be required to inform the BSS again via re-Assignment Request message to perform the correlation for the Call-leg after the second message received for updating new BSS ID from remote party if the MSC determines that the call is served by the same BSS.
In other case, i.e. case 6, 7, 10, the BSS may fail to correlate call legs by GCR when handover happens during call established. If the handover happens after assignment, the BSS may terminate local switch beforehand due to handover. This scenario can be treated as error case, and no specific signalling or signalling exchange is required. It doesn’t require any thing special.
4 Proposal
According to the analysis, we suggest adding one handover during call establishment solution to cover re-updating BSS ID procedure and re-performs terminating side assignment procedure in 3GPP TR 23.889 v1.3.0.
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