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1 Introduction

In this contribution, it discusses all the simultaneous handover scenarios for MSC-based judgement solution. According to the analysis, this paper provides the solution for it.
2 Handover simultaneously Scenario and analysis
2.1 Basic Assumption

For the handover simultaneously case, the basic assumption is that the call has been established. 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. And the Fig shows the call leg information that every entity has at least.
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Fig. 1

According to the handover direction, it can be divided into 4 scenarios:
2.2.1 Case 1: Handover to different BSS
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Fig. 2

In the scenario, the oMS and tMS handover simultaneously to different BSS, i.e. the oBSS, oTargetBSS, tBSS and tTargetBSS are different.
As shown in the Fig. 2, after the handover the oMSC and tMSC inform RAN-id and call-leg information each other. And there is no LCLS here. This is the normal procedure. It doesn’t require any thing special.
2.2.2 Case 2: Handover to different BSS (case two)

[image: image3.emf]3

.

 

L

C

L

S

 

f

a

i

l

u

r

e

2

.

 

B

u

i

l

d

 

L

C

L

S

 

(

O

l

d

 

t

C

I

C

＋

t

M

S

C

-

i

d

)

oMSC

tBSS

tMSC

oBSS

New oRAN-id

oMSC-id+New oCIC

tRAN-id

tMSC-id+tCIC

oMS

tMS

oRAN-id

oMSC-id+oCIC

New tRAN-id

tMSC-id+New tCIC

1. Handover

×

tTargetBSS

×

New tCIC

＋

tMSC-id

New  oCIC

＋

 oMSC-id

1. Handover

Old oCIC

＋

oMSC-id

Old tCIC

＋

tMSC-id

×

×

4. Update New  oCIC

＋

New RAN-ID

5. Update New  tCIC

＋

New tRAN-id


Fig. 3

In this scenario, as shown in the Fig. 3:
Step 1: the oMS handovers to tBSS and the tMS handovers to tTargetBSS simultaneously.
Step 2: After the oMS handovers to tBSS, the oMSC finds that the LCLS is possible because it still believes the tMS is in the tBSS according the information it has. So the oMSC informs the tBSS to build the LCLS with the remote call leg information, i.e. Old tCIC and tMSC-id;
Step 3: Because the tMS has handovered to tTargetBSS, so the tBSS building LCLS is failure. The tBSS acknowledges the oMSC that the LCLS failure. 
Step 4: The oMSC updates the remote end with New oRAN-id + New oCIC.

Step 5: After tMS handover to tTargetBSS, the tMSC updates the remote end with New tRAN-id + New tCIC. When the oMSC receives the new tRAN-id, it know the correct status, it do not perform LCLS again before status changes.
This scenario can be treated as error case, and no specific signalling or signalling exchange are required. It doesn’t require any thing special.

2.2.3 Case 3: Handover to BSS of remote end
This scenario is similar with the case 3, the only difference is that the tTargetBSS is oBSS. It means the oMS handover to tBSS while the tMS handovers to oBSS simultaneously. The procedure for oMS side handover is equal to case 2 oMS side. And the tMS side handover is similair with oMS procedure. So it doesn’t require any thing special.
2.2.4 Case 4: Handover to the same BSS
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Fig. 4
In the scenario, the oMS and tMS handover simultaneously to the same BSS, i.e. the TargetBSS.

After oMS handovers to TargetBSS, the oMSC considers the remote is in tBSS according the information saved. So oMSC do not inform TargetBSS to perform LCLS. This also apply in tMSC for same reason. And after handover, the oMSC and tMSC inform the new RAN-id and new CIC to each other. 

After receiving the Update information, the oMSC and tMSC all know that the LCLS is applicable but do not apply because of handover simultaneously. At this point, there are several option to move next.
1)  Do not perform LCLS. The advantage is that it is simplest.

2)  Re-establish the LCLS, the oMSC or tMSC can re-perform the LCLS procedure, e.g. just the Origination side perform LCLS or Termination side do it.  This requires MSC to send LCLS command when the handover complete message is received. And after LCLS is established, the MSC updates the remote MSC with correct information.
2.3 LCLS established before handover
The Fig 5 describes the scenario before the handover. The oBSS and tBSS are the same BSS so otBSS is used here. And the LCLS has been established. And the Fig shows the call leg information that every entity has at least.
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Fig. 5

According to the handover direction, it can be divided into 2 scenarios:

2.3.1 Case 5: Handover to different BSS
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Fig. 6

In the scenario, the oMS and tMS handover simultaneously to different BSS, i.e. the oBSS, otBSS and tBSS are different.

As shown in the Fig. 6, after the handover the oMSC and tMSC inform new RAN-id and call-leg information each other. And here the LCLS is broken. This is the normal LCLS procedure. It doesn’t require any thing special.

2.3.2 Case 6: Handover to the same BSS
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Fig. 7

In this scenario, the oMS and tMS handover simultaneously to the same BSS, i.e. the nBSS. 
After oMS handovers to nBSS, the oMSC considers the remote is in otBSS according the information saved. So oMSC do not inform nBSS to perform LCLS. This also applies in tMSC for same reason. And after handover, the oMSC and tMSC inform the new RAN-id and new CIC to each other. In here, the new RAN-ids are the same, i.e. nBSS-id. 
After receiving the Update information, the oMSC and tMSC all know that the LCLS is applicable but do not apply because of handover simultaneously. From here, it can follow the solution in case 4;

3 Discussion
According the above analysis, The case 1, 2, 3, and 5 is cover by normal LCLS procedure of MSC-based solution. The case 4 and 6 (just handover to the same BSS) require some enhancements. But the same enhancements can apply for both case 4 and case 6;

There are 2 solutions in the enhancement. 

Solution 1: do not perform LCLS; 

Solution 2: re-perform LCLS.

The solution 2 mainly impacts on MSC, and adds additional Nc signalling in the core network. The enhancement in MSC is very small, just let the one side MSC re-perform the LCLS logic that MSC has. The solution 1 does not impact on Nc interface and the impact on MSC is very tiny.

Another question is: how often this feature is used? How often the inter-BSS handover happen in session? How often the inter-BSS handover happen in two sides of session? How often the two sides inter-BSS handover simultaneously? How often inter-BSS handover simultaneously to the same BSS?

Example: 

According the statistics, the probability of inter-BSS handover in one side of a call is 10%, So the probability in a call that the termination and origination side all perform inter-BSS handover is 10% * 10% = 1 %;
Here, make an assumption, the average last time of call is 90 seconds.
So the probability of handover simultaneously is  0.01 / 90 = 0.0001; And probability of handover to the same BSS is much less than 0.01 percent.
So, the enhancement to MSC-based solution is very very tiny. 
4 Proposal
According to the analysis, the inconsistency just happen when handover to the same BSS. Here provides two solutions for handover simultaneously to the same BSS as following. The operator can deploy either one according its policy. .
Solution 1: Do not perform LCLS.( recommend)
Solution 2: Re-establish the LCLS, just one side MSC ( oMSC or tMSC) re-performs the LCLS procedure, eg, just the Origination side or Termination side performs LCLS procedure.

5 Call-leg information inconsistency analysis in the Handover simultaneously
When the handover arises, the call-leg information will change. 
If the handover happens just in one side, there is nothing special. After the handover, the MSC informs the other side.
When two sides handover simultaneously, MSCs do the LCLS procedure according the analysis in section 2. But in some special case, incorrect correlation may come true.
In scenario 2, the oMS handovers to tBSS while the tMS handovers to targetBSS. After the oMS handovers to tBSS, the oMSC finds that the LCLS is possible because it still believes the tMS is in the tBSS according the information it has. So the oMSC informs the tBSS to build the LCLS with the remote call leg information, i.e. Old tCIC and tMSC-id; And in the same time, the tMS handovers to targetBSS. 
If the tMSC is in the heavy load, the free circuit in the tMSC is shortage. When tMS handover to targetBSS, the tMSC release the tCIC and allocate it to an new call-leg, e.g. an handover-in call-leg. In the time, this will lead tBSS correlating the LCLS incorrectly because the tMSC-id + tCIC belongs to the other session. And it is also can arise in scenario 3.
There are three solutions for this:
Solution 1: A timer is used to protect the tCIC, when it is released. 
Solution 2: When performs the LCLS, the tBSS query the tMSC to confirm that this is the correct correlation.
Solution 3: When the handover, the tMSC perform the LCLS rather than oMSC.
6 Proposal
There are 3 solutions to enhance the handover procedure to avoid Call-leg information inconsistency in the Handover simultaneously.
More analysis are required to decided which one will be used.
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Since the message of  other party new RAN-id and new call-leg update ware received, oMSC/tMSC inform the TargetBSS to perform LCLS with other party call-leg information.
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