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1. Introduction
The TR now contains a table of IEs for both CN and A interfaces but the TR core text has not yet been aligned with the agreed names and meanings.
2. Reason for Change
The LCLS-Preference IE has been renamed LCLS-Configuration for the A interface and defines the negotiated connection configuration when LCLS is active. This IE is separate from the LCLS Correlation Request IE which may be switched on and off depending on the call scenario/supplementary service etc. LCLS status is defined as LCLS-BSS-Status for the status reported from the BSS and is thereby differentiated from the LCLS-Status reported between CN nodes. 
3. Conclusions

4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.889 v1.4.0.
* * * First Change * * * *

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-Configuration, GCR and LCLS-Correlation request for this call.

Subclause 13.3.1.2 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-Configuration, LCLS-Correlation request and LCLS-Connection-Status-Control, in this example: LCLS is allowed, meaning for example that no network nodes require access to the user plane. LCLS-Connection-Status-Control is used to indicate whether the call may be locally connected or not, in this example LCLS can be established.
Editor's Note:
In the above text this is only applicable to AoIP. AoTDM should be described or the text made more general.

-
The target BSS receives the LCLS-Correlation request 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 the 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-BSS-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 the GCR and LCLS-Negotiation   negotiated from the other party known by the Anchor MSC needs to be passed to the Target 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 handling when a handover failed

7.5.1
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 should 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 should continue the call in the source BSS if possible and if LCLS was established before the handover attempt, the source BSS should 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.
8.
Solutions for CN signalling and LCLS support

8.1
General

The purpose of this section is to identify the protocol signalling information that needs to be exchanged between nodes within CN and between CN and BSS, from CT4's perspective. Different options may be presented provided they are deemed feasible.

8.2
Local Switching Negotiation within the CN

8.2.1
General Considerations

There are situations, where one MSC-S is upgraded to LCLS and the other MSC-S is still not upgraded. 
That means: it is necessary to take the "LCLS-Capability" of each MSC-S node into account.

There are situations, where the User Plane is needed within the CN, i.e. where LCLS is not allowed, but only one of the MSC-Servers knows about that. That means: it is necessary to take the "LCLS-Requirements" of each node into account.

Another aspects is that all nodes in the call routing path must be identified that are not-LCLS-upgraded, that means they do not even understand the LCLS-Negotiation. If one of such legacy nodes is in the path, then LCLS is not allowed.

How does oMSC-Server and tMSC-Server (and all nodes in between) negotiate LCLS-Capability and LCLS-Requirements?

8.2.2
LCLS Negotiation within CN: Solution without CN signalling

8.2.2.1
Technical Description for LCLS without CN signalling

In this solution both oMSC-Server and tMSC-Server tell the BSS about their individual LCLS capability and their individual LCLS requirements in the Assignment Request message. There would not be any additional signalling between the MSC-Servers regarding LCLS negotiation. The combining of all necessary information is only performed within the BSS, which controls both call legs.


[image: image1.emf] 

BSC  

oMSC   tMSC  

BSC  

oA  

tA  

Nc  

no need for LCLS - signaling on Nc   LCLS - signaling only on oA and tA  


Figure 8.2.2.1.1: Solution without CN signalling; only on the A-Interfaces, not on Nc
8.2.2.2
Pros and Cons for LCLS Negotiation without CN signalling

Pros:

-
The advantage of this option is the simplicity on the Nc-Interface.

Cons:

-
Neither oMSC-Server nor tMSC-Server has a complete overview concerning LCLS capabilities and status in the core network. They do not know in the first phase that the identical BSS is used on both call legs. They are sometimes informed later by the BSS that LCLS is feasible and/or established. Especially when the case with more than two MSC-Server's in the call path is considered, it becomes obvious that this solution is not feasible. 

Therefore this CN-solution is not followed up further.

8.2.3
LCLS Negotiation CN Solution Signalling between oMSC-Server and tMSC-Server

8.2.3.1
Technical Description for LCLS-Signalling between MSC-Servers

This CN signalling Solution is that oMSC-Server tells tMSC-Server about:-

-
its own oMSC-LCLS-Capabilities + 

-
its own oMSC-LCLS-Requirements.
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Figure 8.2.3.1.1: Solution for LCLS-Signalling; on the A-Interfaces and on Nc

A new IE "LCLS-Negotiation" would be necessary between oMSC-Server and tMSC-Server in forward direction on the Nc-Interface to signal the "LCLS-Capability and LCLS-Requirements". 

It is FFS if the same IE will be needed in backward direction. It could then in backwards direction also include the actual "LCLS-Status".

Editor's Note: The reason for this needs to be expanded, e.g. scenarios when these may occur.

If BICC or ISUP is used on Nc, then the LCLS-Neg IE is sent within the IAM Message in forward direction and within the Mobile APM Message in backward direction.

IF SIP-I is used on Nc, then it is FFS, whether the LCLS-Neg IE is sent in a separate SIP header field or within the encapsulated IAM in the SIP-I-Invite in forward direction and in separate SIP header field or the encapsulated ISUP Mobile APM in SIP-I-Response in backward direction.

It is FFS whether the LCLS-Neg IE is needed in other messages during the call.

It is FFS, how to ensure, that no legacy nodes are in the path that don't know the LCLS-Neg IE, but let it pass unmodified, although they do not understand and do not allow LCLS.

The example call setup described here assumes that:

- 
the MSC-S's exchange information for the correlation of the call legs within the Core Network to identify the call in all nodes;

- 
the MSC-S's exchange a LCLS-Negotiation within the Core Network to check, if LCLS is feasible;

- 
the MSC-S's send LCLS-Correlation requests and the resulting LCLS-Configuration to the BSS's in Assignment-Request;

- 
the BSS's correlate the call legs and reports LCLS-BSS-Status in Assignment-Acknowledge to the MSC-S's 

- 
the BSS's shall send a new Message LCLS-Notification to the MSC-S's, if LCLS-BSS-Status changes;

- 
the MSC-S's inform the BSS's with a new Message LCLS-CONNECT_CONTROL containing LCLS-Connection-Status-Control IE indicating when to through-connect the User Plane in LCLS;

- 
the MSC-S's inform the MGW's that no User Plane traffic is to be expected ("standby"). Signalling between the MSC-S and the MGW is defined within section 8.3.
Some new Information Elements are necessary on the A-Interface, the Nc-Interface and the Mc-Interface. Some new Messages are necessary on the A-Interface. All these new elements are marked in red colour in the example Call Flow in Figure 8.2.3.1.2 for this MS-to-MS call with two MSC-S's with one potential LCLS solution for the case that LCLS is feasible. The OoBTC negotiation in this example here is again based on BICC. 
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Figure 8.2.3.1.2: Example LCLS Call Flow for MS-to-MS call with two MSC-Ss
NOTE:
the above figure shows BICC NNI protocol messages although the principles apply to SIP-I signalling also.

Editor's Note:

it is assumed that the LCLS_CONNECT_CONTROL_ACK indicates the LCLS-BSS-Status when the user plane is through-connected. This means that the tBSS would return LCLS_CONNECT_CONTROL_ACK with LCLS-BSS-Status "call is not yet locally switched" and the oBSS would return LCLS_CONNECT_CONTROL_ACK with LCLS-BSS-Status = "call is locally switched". It is then assumed that a subsequent LCLS_NOTIFICATION would be sent by tBSS to indicate to tMSC that call is locally switched.
8.2.3.2
Pros and Cons LCLS Negotiation within CN Solution

Pros:

-
The advantage of this CN-Solution is that tMSC-S knows in a very early phase that LCLS is a candidate or not. A further advantage is that any time during the call this new IE could be used to signal changes in LCLS-Capability, LCLS-Requirements and LCLS-Status.

-
The most important advantage is seen in call scenarios with more than two MSC-Ss in the routing path.
This option is therefore followed further on.

Cons:

-
The disadvantage of this CN-Solution is signalling effort on Nc.

8.2.4
LCLS Signalling within CN Solution with only LCLS allowed signalling between oMSC-S and tMSC-S
8.2.4.1
Technical Description

This option is that the oMSC-S tells the tMSC-S the GCR of the call and whether LCLS is allowed or not when the oMSC-S supports LCLS.  The tMSC-S tells the oMSC-S whether LCLS is allowed by the tMSC. One characteristic of this solution is that the oMSC and tMSC Servers and any interim nodes are not able to indicate their LCLS preference/capability to other CN nodes.

8.2.4.2
Pros and Cons LCLS Negotiation within CN Solution with only LCLS allowed indications
Pros:

-
Less detailed signalling data across Nc.
Cons:

-
Signalling impact to Nc interface.
-
No information can be exchanged within the CN regarding LCLS preferences/capabilities.

-
The MSC Servers can only indicate if LCLS is allowed or not in one direction.

The Cons of this solution are significant and therefore this CN-solution is not developed nor followed up any further.

8.2.5
Comparison of Solution for Local Switching Negotiation within CN

Editor's Note:

Solution needs to be finally consolidated after agreement of major principles.
Editor's Note:

this should be a comparison of the LCLS negotiation solutions independent from the call leg correlation solutions.

8.3
LCLS-Notification to MGW's

8.3.1
General Considerations

During call setup it is not known whether or not LCLS is feasible or will be established at "Connect", so the MGW's are allocated and prepared as for other calls. A notification may have to be sent to the MGWs when LCLS is established and when LCLS is released.

8.3.2
MGW Notification Solution where MSC-S sends LCLS-Notification to MGW

8.3.2.1
Technical Description

The MGW may need to be informed that LCLS is established or released for a call in order to prepare for the special handling of Inter-BSS handover, mid-call announcements or tones and lawful interception when LCLS is established. MSC-Servers involved in a LCLS call shall inform their respective MGWs when LCLS is established or released. Also if no CN user plane data is exchanged during LCLS, the MGW's could free up any pooled resources (e.g. echo cancellers, Transcoders etc) that are normally reserved for the call.
8.3.2.2
Pros and Cons for MGW Solution with MSC signalled LCLS Notification
Pros:

-
MGWs are aware of the LCLS status of a call.

Cons:

-
H.248 signalling enhancement is required.
8.3.3
Comparison of Solution for LCLS-Notification to MGW
One solution has been described how the MSCs send LCLS notifications to the MGWs involved in a LCLS call, when LCLS is established or released. The LCLS Notification to MGW would be sent via the H.248 interface. The  alternative is that the MGWs are not specifically informed whether LCLS is established or not. 

The selection of LCLS notification solution to MGW is FFS and is related to mid-call announcements and tones because some mid-call announcement solutions would require new MGW functionality, while an other solution does not impact on the MGW.
9.
Call Leg Correlation Methods

9.1
General Considerations

Typically oMSC Server does not know anything about tBSS; tMSC Server does not know anything about oBSS, i.e. the MSC Server's don't care whether the identical BSS is used on both call legs. But the MSC Server's know the call identity.

On the other hand the BSS does typically not care, which call legs belong to one call.  The problem to be solved is simply to identify if two call legs belonging to the same call are within the same BSS and can then be switched locally (i.e. are within the same LCLS BTS or BTS switching area).
9.2
Correlation ID Solution where MSC-Servers inform RAN with Unique Call Identifier (GCR)
9.2.1
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 Global Call Reference is a combination of a Network ID field, a Node ID field and a Call Reference ID field. Since the maximum length of GCR parameter is not specified by ITU-T Recommendation Q.1902.3 [11] the complete parameter layout is shown in Figure 9.2.1.1.
The maximum length of this IE, including the length indicators, is 13 octets.
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Figure 9.2.1.1: 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 clause 8);
tMSC-Server sends this GCR within the tAssignment-Request to the tBSS  for the tCall-leg; it is stored there, too.

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-BSS-Status to oMSC-Server. 

9.2.2
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 Recommendation Q.1902.3 [11], the TR proposes a fixed length for the Node ID and Call Reference ID:

-
The Node ID is encoded on 2 bytes, allowing identification of up to 65536 MSC's in the network.

-
The Call Reference ID is encoded on 3 bytes, allowing identification of up to more than 16 Million 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 reducing the number of bytes to be checked by the BSC to 5 octets 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 unnecessary correlation attempts in the BSS
In some circumstances, it is unnecessary for the BSS to attempt correlation checks, while it may still be required that the MSC sends the GCR to the BSS to store it for future correlation. 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)
During call establishment when performing the radio assignment for the first leg of the call.

i)
in the oAssignment, for example when Early Assignment is used (see 3GPP TS 23.108 [3]) at oMSC, or before sending an outgoing IAM/INVITE message to the terminating MSC. It should be noted that LCLS negotiation should be performed through the core network before oAssignment request (see subclause 8.2) in order to ensure codec negotiation end to end and also to ensure that LCLS-Negotiation  is returned to the oMSC so that oMSC can include the corresponding LCLS-Configuration and LCLS-Correlation request in the oAssignment then sending of IAM/INVITE after oAssignment request to oBSS is not recommended.

ii)
in the oAssignment if the IAM indicated that the Continuity message will follow, 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. It should be noted that the signalling of Continuity in the IAM (or preconditions in INVITE) will tell the tMSC not to perform alerting yet and therefore no tAssignment request will be sent to tBSS until COT (or UPDATE with preconditions met indication) is received. Therefore when continuity (or preconditions) is applied, tMSC will not include in the tAssignment request the flag indicating that no correlation check required.
iii)
in the tAssignment when oMSC has not indicated Continuity in the IAM (or preconditions in INVITE. The tMSC performs tAssignment "Early" (upon receiving Call Confirmed).
iv)
in the tAssignment when the tMSC performs a Late Assignment  but before the oMSC assignment. Late Assignment in tMSC is after alerting or after Connect message is received (answer). In order for tMSC to use this flag it must know if oMSC will perform the oAssignment before or after alerting/answer.
It should be noted that the most frequent case is when tMSC performs Early Assignment, 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 [8] & TS 23.231 [12]). 
Although it is preferred to always establish the oAssignment before the tAssignment but not until codec negotiation and LCLS-Negotiation has occurred (and thus requiring Continuity in BICC or preconditions in SIP-I) if this is not employed then additional signalling is required to ensure the oMSC and tMSC know which side is performing the first Assignment and which is performing the second.
In order to enable the tMSC server to use this flag in the Assignment request, the oMSC server should indicate to the tMSC server within LCLS-Negotiation IE if oMSC applies early or late Assignment.

In order to enable oMSC to use this flag in the Assignment request the tMSC should indicate to oMSC within LCLS-Negotiation IE if tMSC applies early or late Assignment (and therefore requires oMSC to apply ringing tone to oMS).

Pros: 

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

Cons: 

-
If continuity in BICC or preconditions in SIP-I is not employed then support of this option requires  more complexity at oMSC and tMSC since the two ends need to negotiate via a new indication in the LCLS-Negotiation IE to determine which assignment will be the first one and thus include the new flag in the Assignment request to indicate "do not correlate".

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 number 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.

3/
Reduce call leg correlation processing in BSS

Editor's Note:
Within this solution it needs to be confirmed that the Destination Code Point is unique on a per call basis (and is randomly chosen) or on a per node basis and is fixed, and be used as a unique identifier within the Call Reference ID.  If the latter, the solution can be modified to include the BSS ID as part of the Call Reference ID and the unique number selected by the oMSC, which would still enable the BSS to correlate BSS IDs from originating and terminating legs.
In order to reduce the processing time for the BSS to correlate the originating and terminating call legs, the oMSC shall include the SCCP address of the oBSS, i.e., the oBSS Destination Point Code (DPC), within the Call Reference ID of the GCR (see octets 2 to 4 of Figure 9.2.2.1). This DPC is already available at the oMSC and is randomly chosen and is unique per call leg per BSS.

To maintain the same degree of "uniqueness" with the Call Reference ID portion of the GCR defined based on the SCCP address of the oBSS it is necessary to also include the oBSS Node ID within the Call Reference ID of the GCR (see octets 6 to 7 of Figure 9.2.2.1).

Call leg correlation would thus be performed within the tBSS as follows:

1)
If the tBSS supports the optional call leg correlation optimization, then it shall compare the oBSS SCCP DPC received in the GCR to the list of all SCCP DPCs that it has stored for call legs, and if it finds a match, it then compares the oBSS Node ID to the tBSS Node ID. If the BSS Node IDs do not match, then the call leg correlation has failed and LCLS cannot be performed. If the BSS Node IDs do match, then the tBSS matches the rest of the GCR fields (i.e. Network ID, Node ID). If this fails, here also the call leg correlation has failed and LCLS cannot be performed. If all correlations of parameters within the GCR match a previously stored GCR, then LCLS can be performed.

2)
If the tBSS does not support the optional call leg correlation optimization, then it shall fall back to a full search over all the call legs to find a match with the entire Call Reference ID and other GCR fields.
	8
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	6
	5
	4
	3
	2
	1
	octet

	oBSS SCCP DPC length indicator
	1

	oBSS SCCP DPC
	2

	(fixed length: 3)
	3

	
	4

	oBSS Node ID length indicator
	5

	oBSS Node ID
	6

	(fixed length: 2)
	7


Figure 9.2.2.1: Parameter layout of the Call Reference ID within the GCR

Pros:

-
It is much easier for the BSS to determine if it has a match of the Call Reference ID to an existing stored SCCP address of another call leg, than trying to search all call legs for a match to a randomly defined Call Reference ID.

-
Using the SCCP address as the Call Reference ID, the tBSS will successfully determine that both call legs are in the same BSS the majority of the time, since inter-BSS handoffs occurs a small percentage of the time.

Cons:

· For a small percentage of the calls after inter-BSS handover, the SCCP address will not produce a match and the tBSS will have to fall back to a more exhaustive search over all of the call legs.

· It is necessary to send the Node ID of the oBSS to remove possible ambiguity in the GCR when the Call Reference ID based on the SCCP address of the BSS clashes with that produced by other BSSs connected to the MSC.

· Increase in size of the Call Reference ID to include oBSS ID and Destination Point Code parameters.

Editor's Note: 
Additional Pros and Cons may be added, and the solution needs to be examined further, including impacts of an intermediate node that may be between the BSC and MSC.
9.2.3
Pros and Cons of Correlation ID Solution using GCR
Pros:

-
No load on the MSC-Server to correlate the two call legs.

-
The call identifier is globally unique and already defined by ITU-T.

-
The call identifier does not change due to handover.

Cons:

-
A bit more impacts on the BSS to correlate the call legs.

-
GCR is signalled on A interface even when calls may not be in the same BSS.
* * * Next Change * * * *

10.5
Announcements and Tones

10.5.1
Announcements and Tones during Call Setup

10.5.1.1
General

The local call local switch shall be transparent to the user, which means any potential network announcement or ring-back tone or Customised Alerting Tone during call setup shall be sent to the originating user, even if the calls is maybe locally switched at a later phase.

In some cases there is no need for a ring-back tone or an announcement from the network and the oMS generates the ring-back tone locally. In these cases there is no need for a User Plane in backward direction during the alerting phase.

Further: there is no ringing tone or announcement to the terminating user during call setup defined so far. Consequently, there is (so far) no need for a User Plane in the forward direction during the alerting phase.

To determine whether or not a User Plane is necessary in the backward direction needs to be negotiated on the Control Plane between the MSC Servers, if advantage shall be taken.
10.5.1.2
Announcements and Tones Solution using Early Provisioning of the User Plane
10.5.1.2.1
Technical Description of AT-Solution using Early Provisioning
In AT-Solution using Early provisioning the User Plane in backward direction shall be established as without LCLS, i.e. already during the ringing / alerting phase.

NOTE: 
As discussed in another chapter the BSS shall never establish a local switch before receiving the indication from the MSC that the call is finally answered. This is necessary to avoid fraud.
10.5.1.2.2
Pros and Cons for Announcements and Tones Solution using Early Provisioning
This approach, AT-Solution using Early provisioning, is the normal (fallback) handling therefore needs no new additional signalling on the A-Interface and the Nc-Interface. It  maintains the same end user experience of announcements and ring-back tones provided by the network, regardless of  whether the call is later on locally switched or not.

The disadvantage of this AT-Solution is that it does not allow any saving of resources during the alerting phase. Since the alerting phase may be quite long (motivation for CAT service) and after local switching is established the CN resources may not be required at all. In summary:

Pros:

-
Procedure is simple

-
Same procedures for announcement/tone provided by network whether the call is locally switched or not.

Cons:

-
it does not allow to save resources during the alerting phase.
10.5.1.3
Announcements and Tones Solution using LCLS Negotiation to determine whether User Plane is required
10.5.1.3.1
Technical Description of AT-Solution using LCLS Negotiation
Since the early days of GSM the "Late Assignment" and the "MS-generated Ring-back tones" are valid options. If Late Assignment is applied then, since no User Plane exists during the Ringing phase, the originating MS must generate the Ring-back tone locally. The Core Network informs the MS accordingly by the "Progress Indicator" IE within the "ALERTING" message (for details see 3GPP TS 23.108 [3] and 3GPP TS 24.008 [4]).

Late Assignment has several drawbacks and is not widely deployed. Instead Early Assignment is used and then - when the User Plane is anyway already established - the generation of the Ring-back tone occurs at the terminating network side. The User Plane through the Core Network and through the originating BSS is used to transport the Ring-Back tone to the originating MS. The terminating MGW may generate quite different ring-back tones (for example to identify the network/country, etc), also user-specific ones (the "Customized Alerting Tone" feature requires this) and that makes this option attractive.

This, however, means that the originating Radio-, Abis, A- and Nb-interface User Plane is required and no saving can be achieved during the Ringing/Alerting phase. In the context of LCLS this means: even if LCLS is possible later, after the ringing phase, the Abis resources are required for a considerable amount of time and the cost saving efficiency of LCLS is quite reduced.

One of the traditional reasons for signalling the ring back tone from the terminating network was to give accuracy to the end to end connectivity. However if a call is determined to be connected within the same BSS through the LCLS capability then the requirement for ring back tone to be passed through the core network is diminished, especially if the core network leg is convoluted due to international roaming or call forwarding.

It is therefore proposed for LCLS to consider using Early Assignment (to provide fast through connection) with oMS-generated Ring-back tones and additional new signalling to save all User Plane resources, especially the Abis-Interface and the network based ring back tone generators. 

Figure 10.5.1.3.1.1 shows the User Plane during the Ringing phase, where Early Assignment is used to establish the Radio interfaces. In this example the Abis-, A- and Nb-interfaces are marked in grey colour, because they are not needed in this stage.
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Figure 10.5.1.3.1.1: Active User Plane in Early Assignment with the MS-generated Ring-back Tone

From this the following issues arise:

-
The decision to apply oMS based ring back tone can be made independently from the terminating end's decision to apply a (customised) ring back tone however this should not normally be applied if a CN based ring back tone is applied, especially CAT service.
To solve this problem the LCLS negotiation between the MSC Servers could indicate whether Ring-back tones (normal or customised) are applied or whether oMS-based Ring-back tones should be applied.

-
If any node inside the routing path needs to play an Announcement during the ringing / alerting phase, then the User Plane is also required, at least in backward direction between this node and the oMS.
To solve these problems the LCLS negotiation between the MSC Servers could indicate whether any node needs to apply announcements, or - more general - whether or not the User Plane is required in backward direction.
It seems feasible to combine all these LCLS-related requirements arising from these features within one or more MSC Servers in the routing path into one "LCLS-Negotiation" IE on the Nc-Interface (in ISUP or BICC or SIP-I).

-
To take full advantage of the result of the LCLS-Negotiation between the MSC Servers, also the BSS must be informed to what extent the User Plane is required and the following cases should be differentiated:
- 
User Plane in backward direction necessary / not necessary
- 
User Plane in forward direction necessary / not necessary.
In order to achieve this functionality it is deemed that several new IEs have to be introduced on the A-Interface, see Clause 14 and subclause 15.2.
10.5.1.3.2
Pros and Cons for Announcements and Tones Solution using LCLS Negotiation

This explicit LCLS-Negotiation between the MSC Servers to determine the User Plane connectivity during alerting requirement and therefore whether or not the oMS-based Ring-back tone shall be applied has the potential to save Abis- and other BSS and CN User Plane resources to a large extent during the ringing phase. It seems likely that in many call cases (long alerting phase, short call phase) these savings are dominant and possibly higher than the savings during the established Local Switch. In summary:

Pros:

-
Resources could be saved in A-bis and other BSS and CN during the alerting phase
-
The support for the indication in the BSS that UP inband signalling is not used during alerting would be optional – thus BSS may optimise the resources or may apply normal handling.
Cons:

-
Possible different user experience if oMS based ring back tone is negotiated and it differs to normal CN based ring back tone.
NOTE:
 this can occur today as oMS based ring back tone can be applied already.
-
Additional signalling/negotiation between MSC Servers and across A-interface however the necessary new signaling can be limited to a new IE in forward and backward direction on the Nc-Interface and a new IE on the A-Interface. No new messages and no new procedures are necessary.
10.5.1.4
Comparison of Solutions for Announcements and Tones during Call Setup
The obvious benefit of AT-Solution using Early provisioning is that there are no impacts to network signalling; it provides the normal, default behaviour and therefore this must always be supported. 

If AT-Solution using LCLS negotiation was supported as an option but does not result in agreement to select MS based ring back tone then fallback to AT-Solution using Early provisioning shall occur. 
AT-Solution using LCLS negotiation is slightly more complex by adding new IE's to existing messages, but offers substantial cost saving during the alerting phase. It should be noted that if CAT service is prevalent in a given network then in most calls the normal (AT-Solution using Early provisioning) behaviour would result. The implementation of the BSS resource savings could be considered during Rel-9 although final solution for this may need further explanation. Support for CN based resource saving is FFS.
NOTE:
The AT-Solution using LCLS negotiation is an optimisation that permits the negotiation of whether the user plane is required during alerting phase. It is reminded that Local Switching is not permitted during the alerting phase but there is potential to save resources during the alerting phase. The support of this AT-Solution is independent from such resource saving in the BSS as described for the LCLS Configuration however the negotiation for the support of such resource savings indication to the BSS would be dependent on decisions based on the required ring back tone handling.
* * * Next Change * * * *

10.5.2.7 

Mid-call announcement solution: Break of LCLS before start of announcement/tone

According to this solution the MSC-S informs the BSS that the LCLS shall be released. After BSS has informed the MSC-S that the LCLS has been released, the announcement or tone can be connected. After the playing of the announcement or tone is finished, MSC-S may inform the BSS that LCLS is possible again. This solution in practise seems quite similar to the signalling solution described in 10.5.2.2, but both call legs are affected in the solution described here.

It is significant for this solution that the BSS shall always block any DL user plane data coming from the core network whenever the call is locally switched.
The following figure shows the case of a mid-call announcement/tone connection where the announcement / tone is connected in tMSC to the oUE.
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Figure 10.5.2.7.1 Mid-call announcement /tone connection in tMSC to oUE

1.
tMSC receives the information that a mid-call announcement or tone shall be played (see TS 23.205 subclause 14.1.1).
2.
tMSC informs tMGW that core network user plane needs to be reconnected, see NOTE3.
3.
tMSC informs the oMSC that the LCLS shall be released. Note that this is the same LCLS-Status request for any type of CN triggered LCLS release, as should be differentiated from one that results from the BSS notifying an LCLS release. It is assumed that this does not request a response from the far end.

4.  oMSC informs oMGW that core network user plane needs to be reconnected, if the user plane was deactivated in the core network when the call was locally switched in the BSS, see NOTE3.
5.
oMSC requests oBSS to disable LCLS, see NOTE1.

NOTE1:
The BSS stops possible bi-casting and stops sending user plane data to the local link, but anyhow sends user plane data uplink when LCLS is disabled. Possible lawful interception of the call therefore can continue in the same way as for any non-LCLS call, and without any additional LCSL-lawful interception related signalling with the MGWs, during the time when LCLS is disabled for the announcement/tone.

6.
oBSS informs oMSC and tBSS informs tMSC that LCLS has been released.
7.
oMSC informs tMSC about the LCLS status (local switch disconnected).

8.
tMSC requests tMGW to connect the announcement (see TS 23.205 subclause 14.6)

The following figure shows the case of a LCLS re-establishment after a mid-call announcement/tone connection in tMSC to the oUE ends.
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Figure 10.5.2.7.2 LCLS re-establishment after mid-call announcement in tMSC to oUE ends
1.
The mid-call announcement or tone in tMGW ends.

2.
tMSC informs the oMSC that the LCLS will be re-connected.
3.
oMSC requests oBSS to establish LCLS and bi-cast user plane data, if applicable, see NOTE2. 

NOTE2:
There is no request to re-connect LCLS at the tBSS because there was no request to disable LCLS at tBSS. It is assumed that after answer the default behaviour is to reconnect LCLS except if a specific leg has been requested to disconnect LCLS. Once oBSS is requested to re-connect LCLS then the BSS should establish local switching, and bi-casting if applicable.
4.
oBSS informs oMSC and tBSS informs tMSC that LCLS has been established.

5.
oMSC informs oMGW that the core network user plane resources can be de-activated, see NOTE3.
6.
oMSC informs tMSC about the LCLS status (locally switched).
7.
tMSC informs tMGW that the core network user plane resources can be deactivated, see NOTE3.

NOTE3:
There is no LCLS impact on the MGWs if the user plane is kept established in the core network when the call is locally switched in the BSS, therefore signalling steps 2 and 4 in Figure 10.5.2.7.1  and signalling steps 5 and 7 in Figure 10.5.2.7.2 could be optional.
The Pros of this solution are the following:

-
There is no dedicated signalling from the MSC-S to inform the BSS about the announcement or tone and this solution also does not impact otherwise on the BSS. In addition, no new LCLS related signalling is needed between the originating and terminating MSC servers (i.e. no new ISUP, BICC and SIP-I messages needed)  - This solution therefore does not require significant specification work.

-
From BSS point of view this case looks like any other case where core network initiates the release of LCLS.

-
There is no need to develop advanced announcement or tone detection in the BSS.

-
No change to the MGW implementation for generating tones/announcements.
-
No new signalling is required on the MSC-Server – MGW interface – normal CN initiated LCLS Break signalling.

-
With this solution there is no need for inter-MSC signalling to stop and restart bi-casting before and after announcements and tones, which would reveal lawful interception.

-
Possible lawful interception of the call can continue in the same way as for any non-LCLS call during the time when LCLS is disabled for the announcement/tone.

-
Mid-call announcements and tones are handled in the MGWs only and do not involve the BSS, therefore they sound similar as for non-LCLS calls. For example call waiting tones are intermixed with speech from the other call leg and the MGW can mute user speech data between tones, if applicable.
The Cons of this solution are the following:

-
Each announcement/tone breaks the LCLS - this could cause a noticeable click or interruption to the end-users – the real impacts on the BSS to re-establish the A-bis connections need to be known.
-
LCLS needs to be re-established again after the announcement/tone has finished – again this could cause a noticeable click or interruption to the end users.
-
Delay of the announcement/tone connection until BSS has confirmed that the LCLS has been released.
-
Bigger amount of signalling on the A-interface compared to the tone detection solution.

* * * Next Change * * * *

10.11.2
Call confirmation of the waiting call

As already stated LCLS is supported and the active call between users A and B is an "intra-BSS call". When user C triggers call setup the cMSC will create GCR-c. The procedure from the subclause 13.2.1 will be applied for the for the basic call establishment from the user C to A. 

Figure 10.11.2.1 shows the sequence for the actions necessary within the core network during call confirmation and the acceptance of a waiting call.
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Figure 10.11.2.1 Call Waiting when LCLS is supported 
The following steps are different compared to the basic call sequence when GCR + BSS ID are used for call leg correlation method:

1 – 4. 
as for general basic call sequence.

5. 
The aMSC will not perform the paging since the aMSC will first check if the called user A is busy and then if he activated CW service.

6. 
The aMSC sends SETUP message with new transaction id (trans-id-ac).

NOTE 1:
The aMSC and the a-MS may negotiate the bearer capability to be used for the call by the exchange of information in the SETUP and CALL CONFIRMED messages.

7. 
CALL CONFIRMED message indicates "busy".

8 – 14.
 as for general basic call sequence.

15.
 aUE reports alerting.

16a. 
When the aMSC server receives the Alerting indication from the called user A it returns ACM with a Generic Notification Indicator parameter indicating "Call is a Waiting call".

16b. 
as step 18b for general basic call sequence.

17. 
Calling user C is informed that his call is a waiting call.

The LCLS status of the active call between A and B will not be changed if the mobile subscriber A decides to reject or to ignore the waiting call.

If the mobile subscriber A decides to accept the waiting call it can either put the existing call on hold or the call is released (according to 3GPP TS 23.083 [10]).

18. 
Called user A put the active call A-B on hold. HOLD request with transaction id that corresponds to call A-B is sent to aMSC server.

NOTE 2:
If the existing call is put on hold the procedure for Call Hold from subclause 10.12 will be followed for the active call A-B. The possible announcements due to Call Hold should be described within solution for mid-call announcements and tones (see subclause 10.12).
19. 
When the aMSC server receives the HOLD request from the called user A it sends CPG with a Generic Notification Indicator parameter indicating "Remote Hold" towards bMSC server.

20. 
aMSC server confirms acceptance of the HOLD request.

21. 
as step 20 for general basic call sequence.

22. 
When the aMSC server receives CONNECT request for the waiting call C-A it needs to send modify Assignment request to aBSS containing GCRc, LCLS-Configuration, LCLS-Correlation request and LCLS_Connection-Status-Control set to  "connect".

23a. 
aBSS returns the ASSIGNMENT COMPLETE message with LCLS-BSS-Status indicating "call can be locally switched but not yet locally switched".
23b. 
cBSS signals LCLS_NOTIFICATION with LCLS-BSS-Status set to "call not yet locally switched".
24.
 as step 22 for general basic call sequence.

25. 
aMSC confirms the CONNECT request. 

26. 
aMSC returns ANM with LCLS-Status indicating "LCLS feasible".
27 – 28. 
as steps 24 – 28 for general basic call sequence.

* * * Next Change * * * *

11.3

LI-Solution to bi-cast user plane data for LCLS calls

11.3.1

Technical Description

This LI-solution enables local switching also for intercepted calls, while maintaining the same end user perception in terms of end-to-end speech delay. This can be achieved if the user plane data is both locally switched and in addition copied and forwarded to the Core Network ("bi-casting"). Bi-casted user plane data coming from the BSS to the Core Network via the A-interface when LCLS is established shall be blocked by the MGW or BSS (depending on which mid-call announcement solution is adopted). In order to support this new bicasting functionality in the BSS, a conditional "Bi-casting required to the core network" Information Element is introduced in the new and modified BSSMAP messages used by the MSC-S to allow the BSS to establish Local Switching and to copy the User Plane data in uplink during an established Local Switching.
If LI would be the only service that requires bi-casting functionality, this LI-solution could imply that some direct or indirect indication that a call is intercepted is conveyed to the BSS via some signalling message (while currently there is no LI related signalling on the A-interface). In addition proprietary test and measurements routines are foreseen that require sending the User Plane data in uplink during LCLS. In this way LI is not the only service using bi-casting and it therefore is unlikely that LI by this signalling would be detected.

If the MSC-Server and BSS are located in different security domains, the security procedures specified in 3GPP TS 33.210 [6] apply.

This LI-solution does not hinder LCLS in the BSS for any call where LCLS is otherwise feasible. Any MSC-Server could activate LI for a LCLS call and would need to request the oMSC-Server or tMSC-Server controlling the BSS to provide user plane bicasting to the core network while LCLS is established for the call. Such an Inter-MSC bi-casting request, however, could be seen as an indication of LI activation, depending on what the actual signalling looks like. It shall be possible to activate bi-casting on a per call basis when interception was requested for a specific locally switched call. One possible way would be to include this information in the LCLS-Configuration IE and LCLS-Connection-Status-Control IE. 

According to SA3-LI, the security issues with A-interface signalling have to be carefully addressed to enable this LI-solution, e.g.: it should be ensured that the indication sent towards BSS to trigger user plane bicasting cannot be accessed by any unauthorized person.

Figure 11.3.1.1 shows the network configuration for communication content delivery to LEMF when LCLS is in use for a circuit switched call. This figure is based on Figure 12 "Delivery configuration to the LEMF for the interception of a circuit switched call" in 3GPP TS 33.107 [5].

* * * Next Change * * * *

12.
Solutions for User Plane handling

12.1

General

The intended benefits of Local Call Local Switch feature are mainly to save transmission bandwidth on BSS internal interfaces, Abis and Ater. Establishing local switching means that either the call is switched in the BSC or a direct communication is created between the involved BTS's. In any case the effect is that some resources on the BSS internal interfaces (Abis and Ater) can be saved. The specific solution will be based on BSS network topology and shall remain implementation specific. The only user plane aspects that need to be standardized are the ones affecting the A interface.

In order for the BSS to establish a Local Switch several prerequisites are necessary that are related to the User Plane handling on the A-Interface (other control protocol pre-requisites are described in clauses 11 and 12):

- the Core Network must indicate, when the through-connection is allowed (LCLS-CONNECT containing LCLS-Connection-Status-Control IE)

- the Core Network must indicate to what extend User Plane access is necessary (LCLS-Configuration and LCLS-Connection-Status-Control) 

* * * Next Change * * * *

12.3.2

Technical Description for releasing A- and CN-resources

During the call setup phase, the MSC-Servers may exchange an additional "LCLS-Neg" IE in forward and later in backward direction in existing messages, to identify, whether User Plane access is necessary by at least one node in the path, see chapter 11. The User Plane access can be to the "forward User Plane" or the "backward User Plane", it can be as "write access" or as "read access". It seems that four binary flags (Yes/No) would be sufficient to code all these options: Read-Forward; Read-Backward; Write-Forward; Write-Backward.

For example the application of "Customised Ring Back tones" (but nothing else) requires write access to the User Plane in backward direction: Read-Forward=No; Read-Backward=No; Write-Forward=No; Write-Backward=Yes.

Another example could be LI (and nothing else), which requires read access to the User Plane in forward direction and backward direction: Read-Forward=Yes; Read-Backward=Yes; Write-Forward=No; Write-Backward=No.

The combination of LI and an announcement in forward direction would require a combination of these flags:
Read-Forward=Yes; Read-Backward=Yes; Write-Forward=Yes; Write-Backward=No.

The result of the LCLS-Negotiation between all nodes in the Core Network would then be communicated to the BSS by the corresponding  "LCLS-Configuration" and "LCLS-Correlation request", e.g. within the Assignment Request message or during a later message, e.g. the Handover Request message.

The BSS could then exactly allocate these resources that are actually needed. Regarding the A-Interface the approach as described above could be used, maybe a bit simplified:
AoTDM could keep the allocated Circuit-Identity-Codes (CIC's) and TDM-links with a certain silence code word, or could release the CIC's. The re-allocated of the CIC's by the MSC-Servers is possible on short notice, except when there is overload and the CIC's are "overbooked". It is up to the skills and strategies of the operator to which extent he wants to apply this overbooking. The re-allocation and release of CIC's require also signalling between the MSC-Ss and the MGW's and this is may be the real "cost factor" that needs to be weighted against the benefit.

AoIP could also keep the allocated IP-endpoints (here we have "infinitely many"). But without informing the MGW's when (and when not) User Plane traffic is necessary the resource saving effect can not be harvested. At the end also an IP link can be "overbooked" in terms of link load and the problem is very similar to the one in the AoTDM case.

When the LCLS must be switched back to be routed through the CN the LCLS-BSS-Status IE must be sent from the BSS and LCLS-Status between MSC Servers through the CN to return the A-interface and CN resources. The details of this procedure are FFS.

* * * Next Change * * * *

14.
Solutions for A Interface signalling and LCLS support

14.1
General

The purpose of this section is to identify the protocol signalling information that needs to be exchanged between BSS and CN, from CT4's perspective. This is however informative and the final protocol encoding is in the remit of GERAN. Different options may be presented provided they are deemed feasible. The conclusions will finalise which options from this section are selected.

In order for the BSS to establish a Local Switch several prerequisites are necessary that are related to the control protocol:

-
the Core Network must give permission and preferred LCLS connectivity (e.g. write access) to the BSS (LCLS-Configuration and LCLS-Connection-Status-Control)

-
the Core Network must be able to withdraw the permission for LCLS any time during the call (LCLS-Configuration and/or LCLS-Connection-Status-Control)

-
the Core Network must give indication, which call legs belong to one call (unique Call Identifier)
- 
the Core Network should give indication that the BSS shall correlate, or not correlate, call legs using the given Call Identifiers
-
the BSS must indicate, when Local Switch was established or broken (LCLS-BSS_Status)

-
the BSS must indicate, when it intends/needs to break the Local Switch (LCLS-BSS-Status) 

-
the Core Network must give indication when to through-connect (LCLS_CONNECT_CONTROL Message)

NOTE:
some of the above steps may be combined into a single BSSAP message or procedure.

* * * Next Change * * * *

14.3
Signalling of Local Switching Configuration from CN to BSS

14.3.1
General Considerations

The MSC needs to inform the BSS one way or another that it supports LCLS and that the CN permits LCLS to be activated for this call. The Core Network may in addition to an indication that it permits LCLS specify further conditions for LCLS, like "LCLS is allowed, but a copy of the User Plane data must be sent in uplink".

14.3.2
LCLS Configuration Solution by signalling of LCLS-Configuration in Assignment/Handover procedures

14.3.2.1
Technical Description 

After the CN has negotiated along the routing path (see chapter 8) that LCLS is feasible, the CN instructs the BSS about LCLS according to signalling flows described in Clause 13. 


A new IE "LCLS-Configuration" is introduced. It is sent within the Assignment Request message from the MSC to the BSS on a per call-leg basis. It instructs the BSS on the possibilities and preferences for LCLS for the call-leg. 
The values for the LCLS-Configuration are listed in the subclause 15.2.

This new IE LCLS-Configuration" is also sent in Handover Request to the target BSS in case of Inter-BSS handover (and Inter-MSC Handover and Inter-System Handover). Note that this way of signalling is comparable to the AoIP solution for Inter-BSS Handover, where the Codec List (MSC Preferred) is sent to the BSC before it has sent the Codec List (BSS Supported).

14.3.2.2
Pros and Cons for LCLS Configuration Solution using Assignment and Handover Request

Pros:

-
The BSS receives explicit indication that CN supports and permits LCLS for the given call leg throughout the core network.

- 
The core network's LCLS capability and permission information is not coupled to the call leg correlation information, the core network can e.g. temporary prohibit LCLS for a given call, while still keeping the call leg correlation information intact in the BSS. 


-
Different IEs are defined to control the LCLS configuration and correlation request respectively in the BSS for specific call scenarios, for example if the Assignment Request is for the first leg of the call it allows CN to signal the LCLS configuration to the BSS without requesting the call leg correlation for this call leg. 
Cons:

-
Impact to the signalling interface. This solution requires an extra signalling sequence compared to solution without signalling of LCLS Configuration and LCLS correlation, e.g. to permit or prohibit LCLS.

14.3.3
Comparison of Solutions for Signalling of Local Switching Preference from CN to BSS

Using an explicit new IE "LCLS-Configuration" has more potential than the simple implicit signalling (i.e. presence of unique call identifier). Since it needs only one or few octets in existing messages, i.e. the signalling overhead is small compared to other IEs for LCLS (e.g. the GCR) it is the current working assumption to introduce a new IE LCLS-Configuration.
* * * Next Change * * * *

14.5
Signalling of Local Switching Status from BSS to CN

14.5.1
General Considerations

After the BSS has identified that LCLS is feasible/ not feasible, it needs to report the indication back to the CN that it has correlated the two legs of the call and that it is feasible to perform local switching or not and what status this local switch may have.

14.5.2
LCLS Status Solution by signalling Local Switching Status in new message and in Assignment/Handover procedures

14.5.2.1
Technical Description

A new IE "LCLS-BSS-Status" is sent in e.g. the Assignment Complete and Handover Request Acknowledge (and more)messages to the CN. Both MSCs (oMSC and tMSC) send the Assignment Request (or Handover Request) at different points in time to the BSS. 

The LCLS-BSS-Status is only fully known and stable after the second Assignment Request (oAssignment-Request or tAssignment-Request, whichever comes later), or the Handover Request, has been received. An additional new Message seems necessary, e.g. termed "LCLS-Notification", which is sent whenever the BSS detects that the LCLS-BSS-Status has changed. The MSCs need this LCLS-Status to determine how to handle the User Plane within the Core Network.

A new Message "LCLS-NOTIFICATION" and a new IE "LCLS-BSS-Status" are introduced. The LCLS-BSS-Status IE may be sent in the Assignment Complete message and Handover Complete messages and in the new LCLS-NOTIFICATION message, whenever it is necessary to inform the CN about a change in the LCLS-BSS-Status. If the (optional) LCLS-Status is not included in Assignment Complete and Handover Complete then it must be assumed that LCLS is not feasible. The values of LCLS-BSS-Status are listed in subclause 15.2.
LCLS-BSS-Status indicates that local switching is feasible but also may indicate if local switching is feasible/established or must be reverted for example if a handover is needed. 

NOTE: 
The LCLS Status exchanged within the CN is different from the LCLS-BSS-Status and is signalled through the CN via NNI signalling to update intermediate nodes in the call path of the current LCLS status from core network point of view. The core network signalling is described in Clause 13..

14.5.2.2
Pros and Cons for LCLS Status Solution as new IE in new message and existing messages

Pros:

-
The CN receives notification that the two call legs have been correlated and LCLS is feasible.

-
The CN receives notification at any time during the call if local switching status of the call has changed.

Cons:

-
Impact to the signalling interface

14.5.3
Comparison of Solutions for Signalling of Local Switching Status from BSS to CN

Currently there is only one option feasible, which therefore should be standardised.

14.6
Signalling of Local Switching user plane Connection Control from CN to BSS

14.6.1
General Considerations

The signalling within the Assignment procedures does not yet determine the feasibility of LCLS within BSS. At that time in signalling the tUser has still not accepted the call and the User Plane shall therefore still not be through-connected. The Connect information for non-LCLS calls is not currently sent to the BSS, but only to the MS. As the answer to the call occurs after any further A-interface messaging from the oMSC it seems therefore necessary to introduce a new message from CN to BSS to tell the BSS when to through-connect the user plane locally in the BSS. 

14.6.2
LCLS Connection Control Solution using new "LCLS-CONNECTION_CONTROL" message and IE to BSS

14.6.2.1
Technical Description

A new Procedure "LCLS-Connect Control ", two new Messages "LCLS-CONNECT_CONTROL" / "LCLS-CONNECT_CONTROL_ACK" and a new IE "LCLS-Connection-Status-Control" are introduced on the A-Interface to inform the BSS, when and how to "Connect" the call locally within BSS. 

The trigger for this LCLS-Connect Control procedure during call establishment is the "Answer" message from tMSC. Both tMSC and oMSC send the new Message LCLS-CONNECT_CONTROL to both tBSS and oBSS respectively. The content, i.e. the coding of the IE LCLS-Connection-Status-Control is in general identical on both A-Interfaces, but could be different as described in Clause 13. 
If both call legs receive an LCLS-CONNECT_CONTROL message and the contents of the LCLS-Connection-Status Control IE allow and request LCLS to be established, the BSS establishes LCLS. The tBSS call leg gets tLCLS-CONNECT in general earlier than the oBSS call leg gets oA-CONNECT.

Both tBSS and oBSS shall acknowledge this LCLS-CONNECT_CONTROL message after the status of LCLS is clarified, i.e. after both call leg got the LCLS-CONNECT_CONTROL message and LCLS is through-connected.
The new message "LCLS-CONNECT_CONTROL" and the values of the LCLS-Connection-Status-Control IE are listed in subclause 15.2. The new IE LCLS-Connection-Status-Control can be included also in the existing messages Handover Request and Internal Handover Command.
The LCLS-Connection-Status-Control IE can be included in Assignment Request for the supplementary services like Call Waiting but not needed in the Assignment request sent before the answer since the MSC-Servers must request LCLS connection using the new LCLS-CONNECT-CONTROL message at call set-up, as described in Clause 13.
14.6.2.2
Pros and Cons for LCLS Connect Control Solution 

Pros:

-
The CN controls when the local call local switch user plane through-connection occurs;
this functionality is required to fulfil fundamental call establishment control principles.

-
The BSS is told when the user plane can be locally switched both-way and when the user plane shall be bi-casted.
-
The CN is informed when this has been achieved by the LCLS-BSS-Status sent by the BSS.

Cons:

-
Impact to the signalling interface

14.6.3
Comparison of Solutions for Signalling of Local Switching User Plane Connection Control/Enabled from CN to BSS

Currently there is only one option feasible and this solution should be standardised.

14.7
Signalling of Local Switching Disabled from CN to BSS

14.7.1
General Considerations

It shall be possible for the CN to disable LCLS (e.g. due to some Supplementary Services), when LCLS is already established. 

14.7.2
LCLS Disabled Solution using new LCLS-Disconnect message to BSS

14.7.2.1
Technical Description

A Supplementary Service may be invoked any time during a normal call. In general there is no existing message from CN to BSS in this very moment. Therefore a new Message must be introduced to indicate that LCLS connection in the BSS shall be disconnected. This new Message may be sent from either or both oMSC or tMSC. The BSS shall then disconnect the LCLS path within its BSS and re-route the connection as for a normal call across the A-interfaces to oMSC and tMSC.

The new Message could be named "LCLS-DISCONNECT". 

14.7.2.2
Pros and Cons for LCLS Disabled Solution using new message

Pros:

The CN can at any time break an established LCLS-path

Cons

-
A new message specifically for disconnecting LCLS is defined.

14.7.3
LCLS Disabled Solution using LCLS-ConnectionStatusControl IE within LCLS-CONNECT_CONTROL Message to BSS

14.7.3.1
Technical Description

The new message LCLS-CONNECT_CONTROL, proposed in 14.6.2, could be used to indicate that LCLS connection in the BSS shall be disconnected by setting the LCLS-Connection-Status-Control IE to "Release LCLS". This message may be sent from either or both oMSC or tMSC. The BSS shall then disconnect the LCLS path within its BSS and re-route the connection as for a normal call across the A-interfaces to oMSC and tMSC.

After the Supplementary Service is terminated the same Message LCLS-CONNECT_CONTROL may then be reused, of course with other parameter settings.

14.7.3.2
Pros and Cons for LCLS Disabled Solution using LCLS-CONNECT

Pros:

· The CN can at any time break an established LCLS-path

· The same message as defined for connection of LCLS is re-used. This is more code-space-economic and simpler to implement.

Cons

-
The BSS must check the control IE to determine the request from the MSC. 

14.7.4
Comparison of Solutions for Signalling of Local Switching Disabled from CN to BSS

Little is gained from defining separate messages for LCLS Connect and LCLS Disconnect; one new Message, e.g. "LCLS-CONNECT_CONTROL" is sufficient and adequate for this functionality. The included new IE LCLS-Connection-Status-Control allows CN control of all necessary actions.

Working Assumption: one new Message "LCLS-CONNECT_CONTROL" is used by the CN to control the break of the LCLS-path within the BSS.

* * * Next Change * * * *

14.x
Request to Control Call Leg Correlation
14.x.1
General Considerations
In order to support the option for Intra-BSS ID check where the CN attempts to determine if the call is served by the same BSS or not and thereby indicate explicitly whether the BSS shall perform a correlation of the GCR with existing call legs there is a need for additional A interface signalling to request call leg correlation.

Additionally if the optimisations described in sub-clause 9.2.2  for avoiding or minimizing correlation requests in BSS is deployed then the same A interface signalling is used to inform BSS that call leg correlation is not needed.
14.x.2
Solution using Call Leg Correlation Request information element

A new IE LCLS-Correlation-request is introduced to indicate either "correlate" the GCR or "do not correlate" the GCR. This IE may be signalled in Assignment messages and Handover messages as specified in subclause 15.2.
* * * Next Change * * * *

15.
Proposed New Control Flags, Information Elements, Messages

<The following tables define protocol elements new for LCLS and where applicable new messages required to convey them. The element types are differentiated by Boolean results and control flags and Information Elements which may contain a number of values. In the final protocol design the elements may be combined into one or a number of Information Elements. The main purpose is to clarify exactly what new flags are described in the feasibility study and why they are needed>

Editor's Note:
The rest of the TR needs to be aligned with the elements defined in the following tables.

15.1
Core Network Interfaces

Table 15.1.1: Core Network Interface Information Elements and Control Flags

	Element Name
	
	Values
	Existing Messages in which to be Included
	New Message
	Description
	Comment

	Global Call Reference 
	
	As defined in TR - integer
	IAM, APM 
	LCLS-APP ?
	Globally identifies call leg  
	 

	BSS ID 
	
	As defined in TR - integer
	IAM, APM
	LCLS-APP ?

LCLS-Status-Update-Request,

LCLS-Status-Update-Response
	Identifies BSS served by call leg
	Only required if MSC check of BSS ID is agreed.

	LCLS Status 
	
	LCLS Connected,

LCLS Not Connected,

LCLS feasible but not yet connected
	ANM
	LCLS-Status-Update-Request,

LCLS-Status-Update-Response
	Notifies CN nodes of the LCLS connection Status.  
	A response is needed to confirm receipt by all entities both for handover and also for handover during call establishment.

	LCLS-Status-Change-Request
	
	LCLS-Disconnection-Preparation,

LCLS Connection Preparation
	
	LCLS-Status-Update-Request,

LCLS-Status-Update-Response
	Requests a change in LCLS Status through the CN
	A response is needed to confirm receipt by all entities both for handover and also for handover during call establishment.

	LCLS-Negotiation  (CN)
	
	Connect Both-way, 

Connect Both-way plus bicast,

LCLS Not Allowed
	IAM,

APM.

ACM ?
	LCLS-Negotiation (new APP) ?
	Indicates the negotiated LCLS connection preference which shall persist in the BSS while LCLS is "connected" unless explicitly indicated to change. CN nodes can modify this request but not extend the capability…
	Some scenarios need further definition but in principle this IE should not be mixed up with the Control Flags which are spontaneous orders.

	LCLS-Indication
	
	Activate UP,

De-Activate UP
	H.248 ADD, MOD
	New Package ?
	Informs MGWs when UP is active through the CN or when UP is locally switched.
	FFS whether new package is required or existing properties can be used.


Editor's Note: 
other LCLS-Negotiation settings may exist but need to be described in the TR first for example Connect One-way Forward, Connect One-way Backward, Connect One-way Forward Bicast,Connect One-way backward Bicast.

15.2
Radio Access Interfaces

Table 15.2.1: Radio Access Interface Information Elements and Control Flags

	Element Name
	
	Values
	Existing Messages in which to be Included
	New Message
	Description
	Comment

	Global Call Reference 
	
	As defined in TR - integer
	Assignment Request,

Handover Request 

Internal Handover Command
	
	Globally identifies call leg  
	 

	LCLS-BSS-Status
	
	Call is Locally Switched,

Call not yet locally switched

Call Not Possible to be Locally Switched

Locally Switched Call is no longer locally switched


	Assignment Complete,

Handover Complete

Handover Request Acknowledge

Handover Performed
	LCLS_CONNECT_CONTROL_ACK

LCLS-Notification
	Notifies CN of the LCLS connection Status in the BSS. Should be signalled via new message LCLS-Notification whenever this status changes.

Included in messages for each call leg, even if sent to both call legs at the same time.
	Could be combi-ned with LCLS Correlation Result
"Call not yet locally switched" implies that correlation was found in BSS.

	LCLS-Correlation-request
	
	Correlate GCR,

Do Not Correlate GCR
	Assignment Request,

Handover Request
Internal Handover Command
	
	Indicates to BSS whether GCR should be correlated for another call leg with same GCR or not. If not, just store the GCR.
	

	LCLS-Correlation-Result
	
	LCLS Correlation Not Established,

LCLS Correlation Established
	Assignment Complete,

Handover Complete

	
	Indicates response to request 
	Currently combined in LCLS Status but logically should be described separately.
See NOTE.


	LCLS-Connection-Status-Control
	
	Connect,

Do Not Connect

BicastatHandover
Bicast

Release LCLS
	Assignment Request,

Handover Request

Internal Handover Command
	LCLS-Connect-Control
	Indicates to BSS whether it is permitted to through-connect the local call
	Values "Bicast" and "Bicast-atHandover" also imply Connect.
The value "BicastatHandover" only applies for the call leg where it was received. The value "Bicast" applies to both call legs even when received on one call leg only.
This element is optional in Assignment Request, see signalling flows.

	LCLS-Configuration
	
	Connect Both-way, 

Connect Both-way plus bicast,


	Assignment Request,

Handover Request

Internal Handover Command
	
	Indicates the negotiated LCLS connection preference which shall persist in the BSS while LCLS is "connected" unless explicitly indicated to change.
	The values of this element are applicable to both call legs when received on one call leg only or on both call legs.
Some scenarios need further definition but in principle this IE should not be mixed up with the Control Flags which are spontaneous orders.

	NOTE:
The "LCLS Correlation Established" can be received even when the Correlation Request indicated "Do not correlate", only because the correlation was requested simultaneously on the other call leg. Possible other reasons are FFS in stage 3.



Editor's Note: 
other LCLS-Configuration settings may exist but need to be described in the TR first for example Connect One-way Forward, Connect One-way Backward,Connect One-way Forward Bicast,Connect One-way backward Bicast.


Editor's Note:
LCLS Not Allowed is currently not included in the LCLS-Configuration as it is assumed that no LCLS information elements will be included in any BSSAP message if the LCLS Negotiation results in LCLS Not Allowed. This needs to be further considered (esp GERAN 2).
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10a. ADD network side termination; 
10b. ADD access side termination 


8. ADD network side termination


14. ADD access side termination


20. HOLD ACK  (trans-id-ab)


18. HOLD (trans-id-ab)


b-MSC


19. CPG (Call Hold)


23a. ASSIGNMENT COMPLETE (LCLS-BSS-Status = "Call can be locally switched but not yet locally switched")


22. ASSIGNMENT REQUEST  (GCRc, LCLS-Configuration, LCLS-Correlation-request, LCLS-Connection-Status-Control = "connect")


25. CONNECT ACK (trans-id-ac)


23a. LCLS_NOTIFICATION (LCLS-BSS-Status = "Call can be locally switched but not yet locally switched") 


28. For succeding signalling sequence see 13.2 basic call establishment  
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7. CALL CONFIRMED (trans-id-ac, A busy)


b-BSS


b-UE


Active call A-B: locally Switched, GCR-ab


3. Generate Global Call Reference: GCR-c & retrieve cBSS ID


1. cUE accesses cMSC: Service Request + CL3


2. SETUP


6. SETUP (new transaction id: trans-id-ac)


4. IAM [Codec List + GCR-c  + LCLS-Negotiation + cBSS ID]


Ring-back Tone


16a. ACM [generic notification indicator = CW]


15. Alerting (trans-id-ac)


27. cMSC reports: CONNECT


17. cMSC reports: Alerting, CW


21. CONNECT (trans-id-ac)


26. ANM [LCLS-Status = "LCLS feasible"]


16b. MOD request: send Ring-back tone


24. MOD request: stop tone


Active call A-B is put on hold


5. Check user A state and if CW is activated. 


13. BICC COT


9. APM [SC +SCL + LCLS-Negotiation + aBSS ID]


12. ASSIGNMENT COMPLETE  (LCLS-Status)


11. ASSIGNMENT REQUEST (GCRc + LCLS-Preference + LCLS_ConnectionStatusControl = "do not connect")


10a. ADD network side termination; 
10b. ADD access side termination 


8. ADD network side termination


14. ADD access side termination


20. HOLD ACK  (trans-id-ab)


18. HOLD (trans-id-ab)


b-MSC


19. CPG (Call Hold)


23a. ASSIGNMENT COMPLETE (LCLS-Status = "LCLS feasible")


22. ASSIGNMENT REQUEST  (GCRc + LCLS-Preference + LCLS-ConnectionStatusControl = "connect")


25. CONNECT ACK (trans-id-ac)


23a. LCLS_NOTIFICATION (LCLS-Status = "LCLS feasible") 


28. For succeding signalling sequence see 13.2 basic call establishment  
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