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1 Introduction
TSG CT has approved the TR 23.889 feasibility study on Local Call Local Switch with one sustained objection. 

The issues contested were the support of SID frames during LCLS connections and the restrictions on handling of the LCLS-Correlation Request IE by the BSS. Thus, CT4 and GERAN2 are asked to conclude on these issues during the normative specification work 
In this paper, to make LCLS-Correlation Request IE as mandatory or optional is analyzed in order to reach a conclusion on this issue.
2 Description on Call-leg Correlation procedure
Following table is cut out from the approved TR23.889

	Element Name
	Values
	Existing Messages in which to be Included
	Description

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

Handover Request 

Internal Handover Command
	Globally identifies call leg  

	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 


According to the approved TR23.889 v2.0.1, Global Call Reference (GCR) is a 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.
LCLS-Correlation-Request IE is sent from the CN to the BSS via A interface to indicate the BSS whether GCR should be correlated for another call leg with same GCR or not. If not, just store the GCR.
If the BSS supports LCLS and requested to perform call leg correlation, the BSS shall perform the correlation of the received GCR for the Call-leg with all stored GCRs and finds the other call leg for LCLS. No matter the correlation is successful or not, the BSS shall send the correlation result to the CN in Assignment Complete and Handover Complete messages, i.e. includes the LCLS-Correlation-Result IE into the Assignment Complete and Handover Complete messages.
It shall be noted that the LCLS-Correlation-Result IE shall be always included in Assignment Complete and Handover Complete messages, if both CN and BSS support LCLS functionality. So that, the CN can knows the status of LCLS correlation. And if the LCLS-Correlation-Result IE is not present in Assignment Complete or Handover Complete message, the call shall be trusted as not support LCLS functionality by the CN, and will not send any further LCLS IE to this call-leg.
3 Current status of supporting LCLS-Correlation-Request IE

In GERAN

Following sentences are cut out from the LS from GERAN2 to CT4 (ref C4-101050 Reply LS on the Local Call Local Switch Feasibility Study), 
“the LCLS solution whether the BSS Node Id information is used, or not used, within the core network, does not have any standardisation impact on GERAN2 specifications.”
“GERAN2 has noted that a new IE (LCLS Preference) is needed for the CN to indicate (among other information) whether call-leg correlation is preferred in the BSS.”
Based on the statements above, it is easy to conclude that regardless whether the BSS Node ID IE is support by the CN or not, a new IE which used to indicate whether call-leg correlation is preferred needs to be introduced. (In approved TR23.889, the new IE indicates whether call-leg correlation is preferred in the BSS is named LCLS-Correlation-Request.)
This means even in case the BSS Node ID IE is not supported by the CN, LCLS-Correlation-Request IE shall be introduced as well. So if the BSS support LCLS functionality, the BSS shall mandatory to support LCLS-Correlation-Request IE, this independents on supporting BSS Node IE.
In CT4

In TR23.889, in all the assignment and handover procedures, there have an indication sent from MSC to the BSS to indicate whether the call-leg correlation is needed, even in the GCR only solution, i.e. LCLS-Correlation-Request IE is included in Assignment Request and Handover Request messages. Moreover, the LCLS-Correlation-Request IE has been defined in table 15.2.1.
There has no any other IEs used to indicate the BSS do correlation or not, and no further description on the BSS shall always do call leg correlation in the TR23.889. 

4 Analysis on making LCLS-Correlation-Request IE as optional or mandatory
There have four possible combinations of whether LCLS-correlation-Request IE is support by the BSS and CN, see following table.
	
	MSC sends LCLS-Correlation-Request IE to BSS
	BSS supports LCLS-Correlation-Request IE

	Option 1
	Mandatory
	Mandatory

	Option 2
	Mandatory
	Optional

	Option 3
	Optional
	Mandatory

	Option 4
	Optional
	Optional


· Analysis on Option 1
MSC shall always send LCLS-Correlation-Request IE to the BSS in all the Assignment Request and Handover Request messages if LCLS functionality is supported by the MSC. i.e. the MSC always give an explicit indication on whether do correlation or not to the BSS.
When the LCLS-Correlation-Request IE is received by the BSS,

if the LCLS-Correlation-Request IE is set to “do correlation”, the BSS shall perform call-leg correlation by using GCR.

if the LCLS-Correlation-Request IE is set to “no do correlation”, the BSS shall not perform call-leg correlation, just store the GCR.
In order to response the LCLS-Correlation-Request IE, the BSS shall send LCLS-Correlation-Result with corresponding value to the MSC within Assignment Complete and Handover Complete messages.
· Potential technical problem

None
· Analysis on Option 2

If the BSS supports LCLS-Correlation-Request IE, the procedure shall be the same with optional 1. So the analysis here will based on the BSS does not support LCLS-Correlation-Request IE.

MSC shall always send LCLS-Correlation-Request IE to the BSS in all the Assignment Request and Handover Request messages if LCLS functionality is supported by the MSC. i.e. the MSC always give an explicit indication on whether do correlation or not to the BSS.

The BSS shall ignore the LCLS-Correlation-Request IE received from the MSC, and shall always perform call-leg correlation by using GCR.

The BSS shall send LCLS-Correlation-Result with corresponding vale to the MSC within Assignment Complete and Handover Complete messages.
It shall be noted that the LCLS-Correlation-Result is used to response to LCLS-Correlation-Request. But in this option the BSS does not support LCLS-Correlation-Request IE, therefore the BSS shall not include LCLS-Correlation-Result in Assignment Complete and Handover Complete messages, however it will make the solution does not work. So in this option, the LCLS-Correlation-Result has been changed, it is not response to the LCLS-Correlation-Request, it is triggered by the BSS itself when GCR is received.
· Potential problem

1. The BSS always perform the call-leg correlation, even the MSC request the BSS does not do correlation. Thus, BSS resources will be wasted by performing unnecessary call-leg correlation.
2. Because the BSS will ignore the LCLS-Correlation-Request IE, thus the BSS will have a default behaviour that the BSS shall always perform call-leg correlation when GCR is received. Therefore, the GCR will have a potential meaning on do call-leg correlation. However, the GCR maybe used by other features, so if the MSC supports some other features but does not support LCLS, and sends GCR to the BSS, the BSS will still perform call-leg correlation.
3. The BSS needs always send LCLS-Correlation-Result IE to the MSC though it doesn’t support LCLS-Correlation-Request IE. However, the LCLS-Correlation-Result IE is used to response to the LCLS-Correlation-Request IE.
4. Legacy BSS which does not support LCLS will never perform call-leg correlation. However, the new BSS which supports LCLS will always perform call-leg correlation. It will be better the default behaviour will be the BSS which supports LCLS does not perform call-leg correlation without receiving any indication.
· Analysis on Option 3

If the MSC supports LCLS-Correlation-Request IE, the procedure shall be the same with optional 1. So the analysis here will based on the MSC does not support LCLS-Correlation-Request IE.

MSC shall never give an explicit indication on whether do correlation or not to the BSS.

The BSS shall never perform call-leg correlation without receiving LCLS-Correlation-Request IE.
If the BSS shall always perform call leg correlation even without receiving LCLS-Correlation-Request IE, the situation will be same with the option 2 when BSS ignores LCLS-Correlation-Request IE, so refer to Analysis on Option 2
The BSS shall never send LCLS-Correlation-Result to the MSC.

· Potential problem

The BSS will never perform call-leg correlation, so it can not work.
· Analysis on Option 4
If both MSC and BSS support LCLS-Correlation-Request IE, refer to Analysis on Option 1.
If MSC supports LCLS-Correlation-Request IE, but BSS doesn’t, refer to Analysis on Option 2
If BSS supports LCLS-Correlation-Request IE, but MSC doesn’t, refer to Analysis on Option 3
5 Conclusion

According to the analysis above, it shall conclude that the Option 1 has no potential problem, but the other Options has number of potential problem, therefore option1, i,e, MSC is mandatory to send LCLS-Correlation-Request IE to BSS and BSS is mandatory to support LCLS-Correlation-Request IE, shall be the standardized.
6 Discussion on Call-leg Correlation within the BSS by using hash table
It has been raised by one company that it requests the same BSS processing power by using hash table for looking up GCR. However, this is incorrect.
Refer to the Hash Table Lookup using GCR in CP-100582, following sentence is cut out from that paper.

“Identical input values always results in the same index number. However, different input values may also result in identical index numbers (collisions). This is handled by a linked list.”
It is easy to conclude that different input values may also result in the same index number. So the behaviour of do correlation and not do correlation will be different, see below.
· BSS does not perform correlation
When BSS receives an input value (GCR), and get an index number by using hash algorithm. The BSS shall only store that input value into the indexed list according to the index number. It shall be noted that it may has number of input values stored in the same indexed list.
· BSS performs correlation

When BSS receives an input value (GCR), and get an index number by using hash algorithm. The BSS shall store that input value into the indexed list according to the index number. Meanwhile, the BSS shall lookup whether there has an identical input value in the same index number by using a linked list search.
It is clear to see that perform correlation requests BSS to search whether there has another identical GCR. But it is not requested by BSS does not perform correlation, because it just store the input value into the hash table.
So we can conclude that it also has benefits to the BSS by indicating the BSS not do correlation, even hash table is used for call-leg correlation.
