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1. Introduction
Two main different solutions are documented in 3GPP TR 23.889 to identify a local call and correlate the two call legs: 

a) MSCs exchange a unique Global Call Reference (GCR) for the call which is also sent to the BSC; the BSC determines that a call is local and correlate the two legs of the call by comparing the GCR associated to each call leg;

b) MSCs exchange RAN identifiers and Call Legs informations (AoTDM CIC, AoIP Call ID) and determine whether a call is local or not. For local calls, the BSS correlates the two call legs by comparing the Call Legs informations. 
The GCR approach has the main advantage to rely on a unique and stable reference over the entire life of the call to correlate call legs. This approach also minimizes the signaling on the Nc interface upon Inter-BSS handovers.
Concerns were however raised by some companies in CT4 that the GCR approach generates BSS processing overhead compared to the alternative approach as this requires the BSS to perform GCR correlation checks upon creation of every call leg instance (assignment and handover procedures), even for calls which may not be local.
This was however not reported as an issue in the GERAN2 LS to CT, CT4 in GP-092438:

GERAN believes that both solutions for the “Correlation IE” in A-interface signaling (i.e. either GCR in Solution A or Call-Leg-Information in Solution B as indicated in C4-094252) are equally feasible on the BSS side".

In an attempt to reach an agreement / compromise on the GCR approach, this contribution further discusses possible options to reduce the BSS processing requirements with a GCR approach. 
2. Reason for Change

The two following approaches may be considered to minimize the BSC processing requirements with a GCR approach: 
· reduce the number of bytes to be checked by the BSC for call legs correlation;

· avoid useless correlation attempts in BSC.

1/
Reduce the number of bytes to be checked by the BSC for call legs correlation
The GCR is currently defined as follows in TR 23.889:

Such a Unique Call Identifier is specified in ITU-T Q.1902 series, called "Global Call Reference" (GCR). The GCR is worldwide unique, also across network boundaries.
The complete parameter layout of the Global Call Reference is shown in Figure 11.3.3.1.1.
The maximum length of this IE, including the length indicators, is 13 octets.
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Figure 11.3.3.1.1: Parameter layout of the ITU-T-specified Global Call Reference

ITU-T Q.1902.3 defines the Global Call Reference as follows:

6.48
Global call reference

The format of the global call reference parameter field is shown in Figure 67.
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Figure 67/Q.1902.3 – Global call reference parameter field

Compared to ITU-T Q.1902.3, the TR proposes a fixed length for the Node ID and Call Reference ID:

· the Node ID is encoded on 2 bytes, allowing to cover up to 65536 MSCs in the network.

· the Call Reference ID is encoded on 3 bytes, allowing to cover up to more than 16 Millions of calls (per MSC).

The lengths proposed for the Node ID and Call Reference ID are appropriate (sufficient, future-proof, can not be shortened).

A call originated in another network than the network to which the tMSC pertains (i.e. different Network IDs) will in most cases never be local. The call may become local only upon a subsequent Inter-Network Inter-MSC handovers (i.e. likely very rarely). As a result, the following implementation/operator options may be supported: 
1a)
the BSS may be configured with the Network ID to which it pertains and may ignore any GCR it receives with an unknownNetwork ID. Besides, it may disregard the Network ID part of GCRs received with a matching Network ID, and thus performs call legs correlations only using the Node ID and Call Reference ID.
1b)
the tMSC may not send to the tBSS any GCR when oMSC and tMSC pertain to different Network IDs. In addition, oMSC and tMSC may send on the A interface a GCR format w/o the Network ID (when the GCR Network ID matches their own Network ID).

Note that skipping the Network ID is not possible in MOCN (Multi Operator Core Network) deployments.

Pros: 

· Those options would allow to reduce to 5 octets the number of bytes to be checked by the BSC for call legs correlation. Option 2b would further avoid transmission of useless bytes on the A interface.
Cons:

· Those options would not allow LCLS after a subsequent Inter-Network Inter-MSC handover to the same BSS as the remote UE. This should be an acceptable limitation considering the likely rarity of those scenarios. In either case, activation of this option would be under operator's control.
2/
Avoid useless correlation attempts in the BSS
In some circumstances, it is useless for the BSS to attempt correlation checks, while it may still be required/valuable to send the GCR. A new flag could be defined in the Assignment Request message to signal to the BSS not to attempt call legs correlation upon receipt of the message.
As an implementation option, an MSC could set this flag in the following circumstances: 

2a)
Establishment of the first leg of the call
As suggested by GERAN2: 
"The Assignment Request message used for the first establishment of the first leg of the call (likely the oCall Leg) could be defined in a way that the BSS does not attempt any useless correlation. For instance, in the GCR case, the MSC could also include e.g. a new IE indicating this is the “first leg of the call” (or some other indication informing the BSS not to attempt any correlation). In the Call-Leg-Information case the MSC could simply not include anything."

When Early Assignment is used (see 3GPP TS 23.108) at oMSC, oMSC sends the Assignment Request message to oBSC before establishing the tCallLeg or before sending an outgoing IAM/INVITE message to the terminating MSC. oMSC could therefore signal within the Assignment Request message sent to the oBSS that no correlation check is required at that stage of the call setup.

When Early Assignment is used (see 3GPP TS 23.108 ) at tMSC (most frequent case, late assignment is not widely deployed), the oCallLeg is always set up before the tCallLeg to ensure that the bearer is established end-to-end before the called UE starts alerting (see 3GPP TS 23.205 & TS 23.231). Thus provided oMSC gets an indication that tMSC applies early assignment (e.g. signalling indication in ACM or simply local  configuration data), oMSC could also set this flag in the Assignment Request message when establishing the oCallLeg with late assignment at oMSC. tMSC would never set this flag when setting up the MT call with early assignment.

This option would allow to substantially decreases the nb of correlation checks in the BSS considering that early assignment is widely used at tMSC.

2b)
tMSC may determine that a call is not local at the call setup time 
· when detecting that oMSC and tMSC pertain to different Network IDs; or

· when detecting that oMSC and tMSC pertain to different MSC pools; or

· when detecting that oMSC and tMSC are different and MSC pooling is not supported or not in use.
· For Intra-MSC MS to MS calls with different oBSC and tBSC.  
In those circumstances, tMSC could set the flag while still sending the GCR (to allow LCLS upon subsequent mobility of the remote UE) to signal that no correlation check is required at that stage of the call. One limit of this approach however is that this would prevent LCLS if an Inter-MSC or Inter-BSS handover occurs at oMSC side before tMSC sends the Assignment Request to tBSS. 

This would also imply some more complexity in the tMSC. 

3. Conclusions

The BSS processing requirements for call leg correlations, with the GCR approach, may be minimized by 
· disregarding the Network ID part of the GCR when performing call legs correlation;

· defining a new flag in the Assignment Request message to signal to the BSS to skip call leg correlation when this is not required at this stage of the call.

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889 v1.0.0. 
* * * First Change * * * *

11.3.3
Correlation ID Solution 2: MSC-Servers inform RAN with Unique Call Identifier

11.3.3.1
Technical Description

In this option the MSC-Servers define and negotiate a unique Call Identifier for the call, which is then known to all nodes in the routing path. In complex call scenarios it seems necessary that this Call Identifier is globally (i.e. world wide) unique. Then the MSC-Servers inform the RAN(s) about the Global Call Identifier on each call-leg: 
if the Call Identifiers at both, oMS and tMS, call-legs are identical, then the RAN knows that the call originates and terminates at the same BSS and therefore LCLS is a candidate.

This option requires the definition and exchange of a Globally Unique Call Identifier, which means new CN and new A-Interface signalling.

Such a Unique Call Identifier is specified in ITU-T Q.1902 series, called "Global Call Reference" (GCR). The GCR is worldwide unique, also across network boundaries.
The complete parameter layout of the Global Call Reference is shown in Figure 11.3.3.1.1.
The maximum length of this IE, including the length indicators, is 13 octets.
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Figure 11.3.3.1.1: Parameter layout of the ITU-T-specified Global Call Reference

In general all call legs, which belong to one call, use the same Global Call Reference. This includes, but is not limited to Call Forwarding, Roaming, Rerouting or Reselection. The GCR of the call will also be sent by the Anchor MSC-Server in the IAM (ISUP/BICC) on the handover / relocation call leg towards the Non-anchor MSC-Server. The nodes in the call path to the new location of the MS will then receive and be able to use this GCR.

The already specified Global Call Reference is used for LCLS, both, within the CN and between CN and RAN.

The oMSC-Server is responsible to generate the Global Call Reference, when it receives the Service Request from the oMS. This GCR is then sent along the routing path, through all iMSC-Servers, finally arriving at tMSC-Server. All nodes within the path have the opportunity to note this GCR. This GCR is kept, until the call is terminated. This is existing ITU-T standard.

New for LCLS:
oMSC-Server sends this GCR within the oAssignment-Request to the oBSS for the oCall-leg; it is stored there;
typically oBSS gets this GCR earlier than tBSS (see message flow diagrams in subclause 11.2.3.1);
tMSC-Server sends this GCR within the tAssignment-Request to the tBSS  for the tCall-leg; it is stored there, too.

Both, oMSC-Server and tMSC-Server, send in addition their LCLS-Preferences to oBSS and tBSS at Assignment-Request. At that point in time the MSC-Servers do not know whether or not LCLS is feasible.

Then both BSSes perform the correlation of the received GCR for the Call-leg with all stored GCRs and tBSS finds the corresponding oCall-leg for LCLS, if oBSS and tBSS are identical. If successful, then tBSS marks both call legs as "LCLS-identified". tBSS reports the result of the correlation to tMSC-Server in tAssignment-Response. At the same time oBSS (which is identical to tBSS) sends a LCLS-NOTIFICATION message including the new LCLS-Status to oMSC-Server. 

Then the preparation for LCLS is finished. But LCLS is still not established to avoid a too early through-connect of the User Plane, which could invite to fraud.


11.3.3.1A
Possible options to reduce BSS processing for call leg correlations
The two following approaches may be considered to minimize the BSC processing requirements with a GCR approach: 

1/
Reduce the number of bytes to be checked by the BSC for call legs correlation
Compared to ITU-T Q.1902.3, the TR proposes a fixed length for the Node ID and Call Reference ID:

· the Node ID is encoded on 2 bytes, allowing to cover up to 65536 MSCs in the network.

· the Call Reference ID is encoded on 3 bytes, allowing to cover up to more than 16 Millions of calls (per MSC).

The lengths proposed for the Node ID and Call Reference ID are appropriate (sufficient, future-proof, can not be shortened).

A call originated in another network than the network to which the tMSC pertains (i.e. different Network IDs) will in most cases never be local. The call may become local only upon a subsequent Inter-Network Inter-MSC handovers (i.e. likely very rarely). As a result, the following implementation/operator options may be supported: 

1a)
the BSS may be configured with the Network ID to which it pertains and may ignore any GCR it receives with an unknown Network ID. Besides, it may disregard the Network ID part of GCRs received with a matching Network ID, and thus performs call legs correlations only using the Node ID and Call Reference ID.
1b)
the tMSC may not send to the tBSS any GCR when oMSC and tMSC pertain to different Network IDs. In addition, oMSC and tMSC may send on the A interface a GCR format w/o the Network ID (when the GCR Network ID matches their own Network ID).

Pros: 

· Those options would allow to reduce to 5 octets the number of bytes to be checked by the BSC for call legs correlation. Option 1b would further avoid transmission of useless bytes on the A interface.

Cons:

· Those options would not allow LCLS after a subsequent Inter-Network Inter-MSC handover to the same BSS as the remote UE. This should be an acceptable limitation considering the likely rarity of those scenarios. In either case, activation of this option would be under operator's control.

2/
Avoid useless correlation attempts in the BSS
In some circumstances, it is useless for the BSS to attempt correlation checks, while it may still be required to send the GCR. A new flag could be defined in the Assignment Request / Handover Request message to signal to the BSS not to attempt call legs correlation upon receipt of this message (the BSS will still attempt to correlate call legs upon receipt of a subsequent Assignment Request or Handover Request message without the flag set).  
As an implementation option, an MSC may set this flag in the following circumstances: 

2a)
Establishment of first leg of the call
When Early Assignment is used (see 3GPP TS 23.108) at oMSC, oMSC sends the Assignment Request message to oBSC before establishing the tCallLeg or before sending an outgoing IAM/INVITE message to the terminating MSC. oMSC could therefore signal within the Assignment Request message sent to the oBSS that no correlation check is required at that stage of the call setup.

When Early Assignment is used (see 3GPP TS 23.108 ) at tMSC (most frequent case, late assignment is not widely deployed), the oCallLeg is always set up before the tCallLeg to ensure that the bearer is established end-to-end before the called UE starts alerting (see 3GPP TS 23.205 & TS 23.231). Thus provided oMSC gets an indication that tMSC applies early assignment (e.g. new backward signalling indication in the LCLS-Neg IE), oMSC may also set this flag in the Assignment Request message when establishing the oCallLeg with late assignment at oMSC. tMSC would never set this flag when setting up the MT call with early assignment.
Skipping the Network ID is not possible in MOCN (Multi Operator Core Network) deployments.

Pros: 

· This option would allow to substantially decrease the nb of correlation checks in the BSS considering that early assignment is widely used at tMSC.
Cons: 

· Support of this option at oMSC with late assignment requires to get a new indication that tMSC applies Early Assignment.


2b)
tMSC may determine that the call is not local at the call setup time: 

· when detecting that oMSC and tMSC pertain to different Network IDs; or

· when detecting that oMSC and tMSC pertain to different MSC pools; or

· when detecting that oMSC and tMSC are different and MSC pooling is not supported or not in use.

· For Intra-MSC MS to MS calls with different oBSC and tBSC.  
Pros: 

· This option would further decrease the nb of correlation checks in the BSS for mobile terminating calls.

Cons: 

· Prevent LCLS if an Inter-MSC or Inter-BSS handover occurs at oMSC side before tMSC sends the Assignment Request to tBSS. 

· Implies more complexity in the tMSC.

