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Introduction
TSG CT approved the TR 23.889 feasibility study on Local Call Local Switch but agreed that the following issues are still open and need to be resolved as part of the normative specification work:

1. Whether the LCLS-Correlation Request IE may be specified as an optional IE.

2. Whether a BSS implementation may ignore the LCLS Correlation Request IE and always perform call leg correlation

3. SID frame transmission through the CN for LCLS connections

This paper discusses the above issues in further detail.

Optionality of the LCLS-Correlation Request IE

The basic LCLS call establishment is shown in Figure 1:
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Figure 1: basic call flow for LCLS call establishment
The BSSAP Assignment message contains the following new information elements:

i) GCR IE – this IE contains the unique Global Call Reference and is mandatory to be included in BSSAP messages for LCLS. 

ii) LCLS-Configuration IE – this IE contains the LCLS configuration e.g. straight bothway local switching or local switching with bicasting to CN for lawful interception.
iii) LCLS-Connection-Status-Control IE – this IE indicates to the BSS whether through-connection of the two call legs is permissible. This IE is proposed in the TR to be optional in BSSAP Assignment message since in most cases the Assignment occurs before Answer and in that case the BSS shall not be permitted to through-connect the two parties at Assignment. It must therefore be concluded that we must specify a default behaviour if this IE is not included: i.e. "do not through-connect call legs locally".
iv) LCLS-Correlation-Request IE – this IE indicates whether the BSS needs to perform call leg correlation or not. 

In the TR 23.889 there are two optional steps in the LCLS feature where the LCLS-Correlation-Request IE can be set to "correlation not needed". These are:

a) Sub-clause 9.2.2, Option 2: "Avoid unnecessary correlation attempts in the BSS". This optionally allows the oMSC and tMSC to determine whether the Assignment is the first Assignment and if so the oMSC or tMSC may indicate "correlation not needed".
b) Sub-clause 9.2.2, Option 3: "Optional Intra-BSS Call Detection by tMSC or tBSS". This optionally allows the tMSC (and/or tBSS) to check the oBSS ID encapsulated within the GCR IE and see if it is the same as the tBSS or not. If it is found not to be the same then the tMSC may set the LCLS-Correlation-Request IE to "correlation not needed".
If neither of the two options a) 2 or b) 3 described above are implemented then for all LCLS Assignments (i.e. containing GCR and LCLS-Configuration IEs) the MSC shall always expect the BSS to do call correlation. 
These two options are the only cases where the CN can indicate that "correlation is not needed" for LCLS Assignment request and they are both optional and agreed to be included as a compromise; some companies have clearly stated that they do not see any value in implementing these options since they are strictly needed only for certain BSS implementations. It shall also be noted that irrespective whether option 3 in bullet b) above is supported or not supported in the core network the BSS may anyhow still perform the BSS ID pre-check (could be termed Intra-BSS call detection), which may also correspond to a full GCR correlation check in some BSS implementations, and shall send the corresponding LCLS BSS status value to the core network.
The MSC could instruct the BSS to do call correlation either explicitly by including the LCLS-Correlation-Request IE or implicitly by specifying the default behaviour when GCR IE is present (and the LCLS-Configuration IE) and the LCLS-Correlation-Request IE is not present in the Assignment request, in the Handover request or in the Internal Handover Command.

Since the GCR IE cannot be modified the LCLS-Correlation-Request IE must always indicate "correlation is needed" in the Handover request and in the Internal Handover Command as specified in the TR 23.889, sub-clause 9.2.2, Option 3 and in sub-clause 13.2.5. 
It is therefore reasonable to define this IE as optional with a default behaviour for LCLS to "correlate call legs" when the IE is not included. 
This has the following advantages:

1. An MSC which does not implement either of the options above does not need to include this IE in any BSSAP signaling.
2. A BSS which does not receive this IE knows immediately it should perform correlation check (from the presence of the GCR IE in the message), rather than having to check the value of the IE which could be always set to "correlation needed".

3. The IE could then be specified as "Correlation Not Needed" and then a BSS receiving the IE knows it does not need to perform correlation, in other words the IE does not need to be defined with an additional octet to reflect a value (correlate/don’t correlate) and the BSS does not therefore need to perform a step to check such a value of the IE.

Correlation of Call Legs in the BSS
The compromise agreement to include the BSS ID encapsulated in the GCR was based on some companies' requirement that a pre-check of whether the call was served by the same BSS or not was needed to avoid high processing in the BSS to perform a call leg correlation. This was not accepted as being needed by all companies since in their view the BSS implementation can be designed to have minimal load to perform a full correlation. Hence in order to identify that two call legs are belonging to the same call every BSS that supports LCLS functionality and call leg correlation is requested by MSC-S (either implicitly or explicitly) must implement the full correlation check. The tMSC based Intra-BSS call pre-check is a further optional implementation which may benefit some BSS implementations but not others.

The compromise agreement allows also BSS implementations to optionally make use of this BSS ID for BSS ID pre-check/Intra-BSS call detection if they so need. It should be realized that some BSS implementations perform the "Intra-BSS call detection" by doing call leg correlation whenever receiving GCR on a call leg. It should therefore be permitted for such a BSS to ignore the LCLS-Correlation-request IE and perform a full correlation if it so chooses. Such a BSS shall indicate the corresponding correct result of the call leg correlation by the LCLS-BSS-Status IE. This IE is sent in Assignment response as already stated in TR 23.889 Table 15.2 " "Call not yet locally switched" implies that correlation was found in BSS." This also means that the LCLS-Correlation-result IE is really superfluous and can be omitted from normative specifications.

It should be noted that if a certain BSS implementation requires a BSS ID pre-check to avoid high processing of call leg correlation then since the tMSC based pre-check is optional the BSS implementation would need to support this "BSS ID pre-check" in its own BSS as it cannot rely on receiving an indication from the tMSC. To certain extent this makes the tMSC based pre-check superfluous. 

It can be concluded that the optional Intra-BSS call detection in the core network can not all of a sudden mandate that the BSS is not allowed to do its own (optional) Intra-BSS call detection /GCR call correlation.  

It is therefore reasonable that the BSS is allowed to optionally always do Intra-BSS call detection /call correlation when receiving GCR even when the core network indicated that call correlation is not needed.
SID frame transmission through the Core Network

In the TR 23.889 one proposal for handling the CN user plane during LCLS was to require the BSS to continually send SID frames through the CN. The alleged justification for this was that MGWs may have some supervision functions which require regular UP activity. CT4 concluded that this was not the case, sighting Call Hold for example where the MGW is not informed that no UP data will be sent, neither is the BSS and so the UP is kept connected but no data is transmitted. 
CT4 requested GERAN2 to check  whether they had any requirement for BSS to generate and send SID frames to the core network while LCLS is established in the BSS. GERAN2 could not agree that there is any need to do so and no sound technical reason has been established why the BSS should do this. 
It would appear that there are clear disadvantages for the BSS to send SID frames and no advantages. The argument that SID frame signalling somehow helps the inter-BSS handover has not been established: if no SID frames are signalled then the BSS will get a transition between "nothing" and "real user data" as opposed to "SID frame" to "nothing" /"real user data". There is also one major technical flaw with the concept: the purpose of LCLS is to allow the user plane connection between the BTS and BSC to be bypassed, however if silence frames are generated according to existing standards (3GPP TS 26.102) they shall be generated by the speech encoder. In the proposal for LCLS this would not be possible without keeping the A-bis interface active, which clearly defeats the purpose of LCLS. This means that if the BSC is creating the SID frames itself as opposed to the source speech encoder then the proposed SID frames are not in accordance with 3GPP TS 26.102.
The following additional disadvantages exist:

i) Increased BSS load to continually generate SID frames from the locally switched UP and send to CN

ii) Increased BSS load to receive SID frames DL and discard them when the core network user plane is kept established during LCLS.

iii) SID frame should match the selected codecs but if TDM based A-interface then G.711 SID frame is proposed to be sent. This is only specified for packet based multimedia transmission (See ITU-T G.711 Appendix II) so it should not be used over AoTDM. For AoIP this is explicitly not allowed (see 3G TS 26.102, subclause 10.7). Incidentally this is currently not recommended for Nb over SIP-I either (see 3G TS 26.102 subclause 9.7). Therefore SID frames cannot be sent for G.711.

iv) Future enhancements to allow MGWs to be informed about LCLS and thereby release pooled resources/deactivate the user plane will impair the end to end transmission of SID frames so a BSS implementation may not always receive DL SID frames: a BSS implementation should anyhow not require downlink SID-frames to be received for LCLS calls, which begs the question what benefit it offers for the BSS to SEND SID frames.

v) Inter-BSS handover that breaks LCLS without support for SID frames does not need to bicast CN User Plane data between the target BSS and the serving BSS. This can be optimised to reduce the number of H.248 messages and should therefore not be prevented simply due to the sending of SID frames for which there is no clear benefit. 
Conclusions

The three outstanding issues raised during TSG CT, reflected in the incoming LS sent to CT4 and GERAN2 should be answered as described below:

1. Whether the LCLS-Correlation Request IE may be specified as an optional IE.
Answer: Yes this shall be specified as optional, the default behaviour of the BSS if not received (but GCR and LCLS-Configuration IE are included) is "correlate call legs".
2. Whether a BSS implementation may ignore the LCLS Correlation Request IE and always perform call leg correlation
Answer: According to the agreed Option b) 3 described in TR 23.889 subclause 9.2.2 (copied above) both the MSC and the tBS may optionally perform Intra-BSS call detection. Such detection actually corresponds to correlation of GCRs in some BSS implementations and such efficient solutions must not be prohibited by the optional Intra-BSS call detection in the MSC. Since the pre-check in the MSC is agreed as an option then likewise the BSS may optionally always perform a call leg correlation if it has a GCR IE and shall reflect the outcome in the LCLS-BSS-Status. Hence such a BSS implementation would effectively ignore the LCLS Correlation Request IE. 
3. SID frame transmission through the CN for LCLS connections
Answer: No, SID frames shall not be permitted to be transmitted through the CN while a call is Locally Switched (except as part of any bicast speech if so requested by the CN, in accordance with existing specifications such as TS 26.102).
The above conclusions shall be conveyed to GERAN2 to aid the completion of their normative work.
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