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1. Introduction
At CT4#50 the feasibility study for Local Call Local Switch reached some conclusions on the most controversial aspects of this study and proposed to send the TR to CT TSG for approval. The most controversial issue was how to support the Call Leg Correlation to determine if a call is local to a given BSS. The reason for this being so controversial was that the requirements for certain protocol solutions were dependant on implementations in the BSS for performing a correlation of the Unique Call Identifier associated to each call leg. For some implementations a sequential check is assumed which would result in high processor load to scan through all call records to find a matching Global Call Reference (GCR) whereas other implementations could deploy a database lookup technique like a "hash table" and thus produce a relatively small and fixed processing load independent of the number of active calls. The proposed solutions which involved a complex CN signaling and processing based on allegations that it saved processing load in the BSS could not be agreed as they were only beneficial to certain BSS implementations. See Annex A for details on the potential BSS correlation implementations.
As a compromise an alternative proposal was agreed that required the Global Call Reference to be defined with the Originating BSS ID encapsulated within the MSC derived Unique Reference field. This proposal had clear advantages over alternative CN based explicit signaling of the BSS ID since a BSS that did not need to optimise its Call Leg Correlation with a pre-check of the BSS ID could ignore this but a different BSS implementation could make use of this field and do a pre-check of the oBSS ID against its own BSS ID. Due to this more flexible solution Ericsson agreed that it was reasonable to mandate the inclusion of the oBSS ID in the GCR to allow for certain BSS implementations even though in Ericsson's view this was not needed if another BSS implementation was deployed. It can be shown that checks made against this oBSSID will not be 100% accurate due to possible handovers at the Originating UE during call establishment. While this might be acceptable to some vendors (or disputed by some delegates), Ericsson accepted such a solution since it can be ignored by the BSS and a full GCR correlation can be implemented by whatever correlation technique a manufacturer chooses.
During the negotiations to agree this new proposal the companies who were previously pushing for a CN based explicit signaling BSS ID solution also wanted to allow the Target MSC to perform the pre-check of the oBSS ID encapsulated in the GCR against the tBSS selected by the Terminating MSC. Initially this was proposed to be left out of the standards since it did not require any specific protocol design. However this did not seem acceptable and companies wanted to include specific statements to say that it was an option for a Target MSC to perform this pre-check and indicate the result to the BSS in the already proposed Correlation Request IE. Ericsson was quite against such a proposed option because the need for this pre-check was purely dependant on the specific BSS implementation and thus for an Ericsson implementation this Correlation Request indication was not needed. Given that the benefit of the inclusion of the oBSSID within the GCR which is sent to the BSS can be checked by the BSS itself – if it needs to do so – but can be ignored by other implementations that do not need to do this pre-check it seems incorrect to have this pre-check in the CN as well, especially for a BSS that does not need this pre-check. To this end Ericsson was finally prepared to accept this as yet another option to the LCLS feature but since it is clearly optional and not needed by all BSS implementations then the result of the pre-check may be ignored by the BSS.

The Correlation Request IE was introduced in the TR to make it clear when a correlation request (or more specifically when "no correlation" was to be requested. The reason for needing such an indication is due to certain OPTIONAL, optimisations in  the CN to determine whether a call leg correlation by the BSS was really needed. One optimisation was to check the BSS ID associated to each call leg but the fundamental problem with this is that the BSS ID can change for every handover and the MSCs can never be 100% up to date with the other call leg's BSS ID. For this reason this proposed solution could not be accepted. Another OPTIONAL optimisation is that the first Assignment for any call will not result in call leg correlation because there is not another call leg for that call yet assigned in the BSS. This solution relies on the MSC's knowing which Assignment is the first Assignment. Such an indication can have the potential for saving 50% of the call leg correlation steps but is again dependant on the selected implementation in the BSS as to whether it adds any real processor savings. As such the inclusion of an indication from the CN that "correlation is NOT needed" is dependant on one of the OPTIONAL optimisations in LCLS being implemented. If none of these OPTIONS are implemented then the BSS shall always perform Call Leg Correlation when it receives a GCR in an Assignment.
From this simple analysis of the feature and the options proposed it can be concluded that the Correlation Request IE should be an optional Information Element, which indicates only that "correlation is NOT needed" and may be included if one of the OPTIONAL optimisations determines that call leg correlation is not needed. When this IE is not included but a GCR IE is included then the BSS shall perform call leg correlation. This is functional IDENTICAL to mandating the inclusion of this IE and providing it with two values: "correlation needed"/"Correlation not needed" but adds an unnecessary overhead to MSC implementations that do not implement any of the OPTIONAL optimisations since they must always include the IE set to "correlation needed".

Secondly to support the agreement that the pre-check of the BSSID is optional then any BSS may ignore any indication from the MSC that "Correlation is not needed" and perform a full GCR check. If the MSC pre-check is 100% accurate then the resulting outcome will be the same but a certain BSS implementation that does not benefit from the pre-check may ignore this IE. However if the MSC based pre-check is in any way inaccurate then a BSS implementation that does not need this pre-check optimisation may implement a 100% accurate call leg correlation.
2. Reason for Change
Despite that fact that the TR is informative and does not enforce any specific normative specification during discussion on the potential Normative protocol definitions in GERAN2#47 it appears that the above optionality is disputed. Since this is the crux of the compromise that has enabled CT4 to propose the TR for approval it is imperative that all aspects of the compromise and therefore options in the conclusions are clearly stated in the TR. This P-CR aims to make this crystal clear and therefore avoid any further discussion at the next WG meetings which would naturally delay the progress of any normative work. 

Additionally some statements were included in the TR which are incorrect or have subsequently been clarified by GERAN2 and as such should not be included in the TR if it is to be approved by CT plenary.

For example one proposal in the TR is that SID frames may be required to be sent on the user plane while a call is in LCLS. CT4 concluded that this was not required by CT4 and asked GERAN2 to indicate if there was any need for this from the BSS perspective. Companies proposing that this was needed could not convince the meeting that this was needed. 

3. Conclusions
The TR is clarifies the following:

1.
The Correlation Request IE is fully optional and when not included but a GCR is included then call leg correlation shall be performed.
2. The Correlation Request IE may be ignored by a BSS and when receiving a GCR it may always perform a call leg correlation, returning the result in the LCLS-BSS-Status IE.

3. The Correlation Result IE is not needed as the result is indicated in the LCLS-BSS-Status IE.

4. SID frame support is not agreed by GERAN2 or CT4 and therefore the only conclusion reached on the user plane handling is that for Rel-10 the user plane in the CN will be left connected.

4. Proposal

It is proposed to agree the following changes to 3GPP TS <TS number and version>.
* * * First Change * * * *

9.8
Conclusion of Solution for Correlation of Call Legs

It is concluded that the GCR solution defined within section 9.2 shall be the option selected for call leg correlation.  

In addition, the Call Reference ID constructed by the oMSC shall contain the originating BSS Node ID and therefore the overall length of the Call Reference ID is as defined within section 9.2.2 Solution 3.

It is an option for the tMSC/tBSS to utilise the parameters defined within the GCR to determine if call leg correlation may not be required during call establishment as defined within section 9.2.2 Solution 3. 
It is an option for the BSS to support the Correlation Request IE (indication that correlation is not needed) and may perform a full correlation of the received GCR.
* * * Next Change * * * *

12.6
Conclusion of Solutions for A-interface and CN User Plane handling

The A-interface and CN User plane should not be released, and the MGW should not be impacted by LCLS functionality. 




No requirement for inclusion of SID frames while a call is locally switched could be agreed.
* * * Next Change * * * *

13.4
Comparison and conclusions on Call Establishment and Handover Scenarios

During Call Establishment the originating MSC composes the GCR to include the originating BSS Node ID within the Call Reference ID parameter, see Section 9.8, it is an option whether the tMSC/tBSS utilizes this to determine if the call is an Intra-BSS call.  It is an option whether the tMSC/tBSS utilizes the Network ID within the GCR to determine whether the call is an intra-network call.  Therefore the relevant sections above related to the GCR encapsulated oBSS ID method for call establishment apply. 

During Handover, the originating BSS Node ID is not updated within the Call Reference ID parameter of the GCR.  Therefore the relevant sections above related to the GCR with encapsulated oBSS ID method for handover apply.
The inclusion of the Correlation Request IE may be defined as an optional information element since for any call scenario where the optimisations to check if the correlation request is not needed are optional and therefore the basic LCLS feature without any of these optimisations will always require call leg correlation. This may therefore be defined as the default behaviour of the BSS when receiving a GCR if no explicit Correlation Request IE is received.
* * * Next Change * * * *

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.
	
"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.
	This IE is optional and if not included in any BSSAP message that contains a GCR IE then call leg correlation is required.

This IE is optional for a BSS to support, if a BSS does not support this IE then it shall perform a call leg correlation if it receives a GCR IE.

	LCLS-Correlation-Result
	LCLS Correlation Not Established,

LCLS Correlation Established
	Assignment Complete,

Handover Complete


	
	Indicates response to request 
	Could be combined in LCLS-BSSStatus but logically should be described separately.




	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 control element is optional in Assignment Request, see signalling flows. If this IE is not included in an Assignment message which contains a GCR and a successful correlation has been performed the BSS shall not locally through-connect


	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.
	
Some scenarios need further definition but in principle this IE should not be mixed up with the Control Flags which are spontaneous orders.



	



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).
* * * End of Changes * * * *

<Proposed change in revision marks>

Annex A (information additional to coversheet – not part of proposed changes)
A.1
BSS Impacts for Call Leg Correlation

A.1.1
Introduction

It has been concluded to date that all possible options shall be based around the unique GCR which shall be globally unique and identify both call legs to be correlated and shall not change during the life of the call. 

Justification for including methods to determine if the call is local or not without checking the full GCR against existing call legs has been made on the basis that performing a GCR check in the BSS will cause significant processing load in the BSS. On the other hand additional checks by the core network to determine whether the call is local or not and thereby save the assumed processing in the BSS will have significant negative aspects to the CN implementations, load, signaling and LCLS characteristics as considered in other sections of the TR. It thus important to consider what options are available for the BSS GCR correlation solutions and thus assess how these affect the processing load and any other aspects. 

In order to support LCLS it is reasonable that additional load will arise in the BSS however it is also reasonable that processing is both optimised for calls that are local as well as for calls that are found not to be local. The additional load must be evaluated compared to the load per call in order to determine the percentage increase to the load characteristics of the BSS.

The following sub-sections describe example BSS implementations to demonstrate how proposed call leg correlation solutions may be fulfilled. 
A.1.2
Sequential GCR Correlation

A.1.2.1
Basic Principles for Sequential GCR Correlation
One method for the BSS to determine if a call can be locally switched is to store the GCR within each call record individual and for each new assignment it performs a sequential search through every call reference until it finds the corresponding GCR already stored. If the GCR is not found then the call is not local and therefore cannot be locally switched. The details of the data handling is shown in figure A.1.2.1.1.
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Figure A.1.2.1.1: Sequential GCR Search

This method will cause varying levels of load depending on how many calls are ongoing in the BSS and at which point the GCR is found; if the first call record contains the same GCR then the check will be single look-up whereas if the last call record contains the same GCR then all records will have had to be checked. If the call is not local then this will not be determined until all call records are checked. 

A.1.2.2

Pros and Cons for Sequential GCR check

Pros:

-
No new record structure defined for LCLS

Cons:

-
Processing time for finding a matching GCR varies depending on which record contains GCR, many records may need to be checked before a match is found.

-
Processing load varies depending on number of calls served by the BSS

-
All active call records must be check before it can be determined that call is not local

-
Any CN based check to save processing load in the BSS will only save load for calls that are not local – if the majority of calls are local (which is the driving factor behind the feature) then the BSS load is not saved.

A.1.3
Direct Referencing using GCR

A.1.3.1
Basic Principles for Direct Referencing using GCR 
One method for the BSS if a call can be locally switched is to create a cross referencing record using the GCR as the record individual. The BSS stores the GCR also in call reference individual but stores each local call reference individual in the GCR record. Thus for any new assignment there is a single look-up against the GCR record to find any corresponding call references already assigned for that GCR. If not then the call is not local and cannot be locally switched. The detailed data handling is depicted in figure A.1.3.1.1.
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 Figure A.1.3.1.1: Direct Referencing using GCR

A.1.3.2

Pros and Cons for Direct Referencing using GCR

Pros:

· Single hit look up for both local and not local calls.

· Processing for correlation is independent of the number of active calls.

· Does not require or benefit from any CN based check as the processing for call leg correlation is fixed and minimal.

Cons:

-
Additional record required for GCR cross referencing.

-
Requires pointer allocation for all GCRs even though for many calls the GCR will not be used by that BSS.

A.1.4
Hash Table Lookup using GCR

A.1.4.1
Basic Principles for Hash Table Lookup using GCR 
In this method the GCR is used but as an input to a hash table. The resulting output provides an index to a list of call records associated to that GCR. Thus for any new assignment there is a fixed process to find any corresponding call references already assigned for that GCR.  If not then the call is not local and cannot be locally switched then this is found also in the fixed process. The detailed data handling is depicted in figure A.1.4.1.1.
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Figure A.1.4.1.1: Hash Table Lookup using GCR

Although this process requires a few more steps than the direct referencing it is far more efficient than checking each call record sequentially and optimises record data compared to a direct GCR reference.
A.1.4.2

Pros and Cons for Hash Table Lookup using GCR

Pros:

· fixed process to look up for both local and not local calls.

· Processing for correlation is independent of the number of active calls.

· Optimised data record usage

· Commonly adopted database look-up technique

· Does not require or benefit from any CN based check as the processing for call leg correlation is fixed and minimal.

Cons:

-
Additional record required for GCR cross referencing.

A.1.5
GCR with encapsulated oBSS ID 

A.1.5.1
Basic Principles for oBSS ID pre-check 
This method follows the proposed enhancement in sub-clause 9.2.2, " 3/
Transfer of Originating BSS Node ID within the Call Reference ID.  In this proposed enhancement the BSS can perform a pre-check of the oBSS ID with its own BSS ID. If the BSSID of the BSS making the check does not match the BSS ID included in the GCR then the BSS may decide that a subsequent call leg correlation is not needed and indicate that the call is not local to the MSC. 

If the BSS finds that its own BSS ID matches the BSS ID included in the GCR then a full correlation check is needed and could follow one of the other approaches described. 

The details of the data handling is shown in figure A.1.5.1.1.
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Figure A.1.5.1.1: oBSS ID pre-check 

This method will provide a benefit compared to solutions that perform a sequential check as they will avoid a processing load when the BSS IDs do not match. However in some cases the call may still be local even though the BSS IDs do not match and then the BSS should also perform a full check.
A.1.2.2

Pros and Cons for oBSS ID pre-check 

Pros:

· Significant optimisation compared to sequential check to determine if call is not local, provided no handover has occurred.

· Encapsulated BSS ID can be ignored by the BSS and a full check could be performed (either depending on current BSS load or at all times depending on implementation choices)
Cons:

-
Additional step if BSS ID's do match – still must perform a correlation 
-
Processing load varies depending on whether handover has occurred or not.

-
Dependant on MSC defining the GCR in this way – must be configured on network basis; otherwise one of the other methods previously described must be used.

-
Full search method needs to be implemented anyway to account for handovers

-
no benefit if a hash type solution is used since the GCR must be stored anway.
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