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1. Introduction
The P-CR proposes to limit the scope of the LCLS work within Release 10 to the essential functionality that is required for the feature to work. This would mean utilizing a phased approach to define the full functionality of LCLS and enable normative specification development within Release 10 to contain the basic framework for LCLS and further enhancements to this within Release 11.
2. Reason for Change
During the work of the technical report for Local Call Local Switch work has been delayed due to some key issues that are required for the basic functionality.  For example, how to perform Call Leg Correlation is a fundamental concept to applying Local Call Local Switch as is the how the User Plane is handled.  

The ongoing discussions on these controversial topics has meant that the analysis within the Technical Report has slipped from Release 9 into Release 10, and this has had the knock-on effect that other areas that may be seen as not critical to how Local Call Local Switch is implemented, e.g. some Supplementary Service interactions, have not yet been analysed.

It is the source company(ies) view that a phased approach should be taken to ensure a base level of functionality within Release 10 normative specifications and allow deployments of this technology within Operators networks.  Base functionality for Phase 1 (normative Release 10) is proposed to be:-

· Ability to Establish Local Call Local Switch
· Call Leg Correlation

· Signalling on A-interface and within Core Network

· User Plane configuration when LCLS is active
· Lawful Intercept

· Ability to Break LCLS

Functionality for Phase 2 (normative Release 11) is proposed to be other outstanding areas that are not necessarily critical to the operation of LCLS (e.g. LCLS could be broken to execute) such as the Impacts to Supplementary Services and Existing Features (Section 10 and inclusive sections), where analysis has not been completed.  
3. Conclusions

This P-CR proposes to update relevant the Impacts to Supplementary Services and Existing Features that have not yet been analysed within Section 10 of the TR to state the following:-
"The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1. not applied at call establishment when utilizing this Supplementary Service/Feature
or

2.  is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature"
This P-CR also proposes that if the fundamental aspects of LCLS reach a conclusion in CT4#50 that the TR is sent for approval to CT Plenary and agreed that normative work for the fundamental aspects is focused on in Release 10.
4. Proposal

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

10
Impacts to Supplementary Services and Existing Features

10.1 
Tandem free operation, TFO

LCLS can be activated for calls that use tandem free operation but TFO operation is interrupted for the time LCLS is active. If LCLS is stopped in the middle of a call, the TFO operation will resume, if still applicable.

10.2 
CS data call

It is proposed to exclude CS data calls from LCLS due to the low traffic volume these calls present and due to the complex interworking function that is currently located within the Core Network and which would otherwise be required within the BSS. CS data calls shall be handled as today, i.e. through the Core Network.

10.3 
Alternate Speech/Fax

It is proposed to exclude Alternate Speech/Fax calls from LCLS for the same reasons as those given for CS data calls in subclause 8.4. Alternate Speech/Fax calls shall be handled as today, i.e. through the Core Network.

10.4 
GSM Fax 

It is proposed to exclude GSM Fax calls from LCLS due to the low traffic volume these calls present and due to the complex interworking function that is currently located within the Core Network and which would otherwise be required within the BSS. GSM fax calls shall be handled as today, i.e. through the Core Network.

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-Reqs" 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 a new IE has to be introduced on the A-Interface. This IE may be combined with other information regarding LCLS into a general "LCLS-Preference" IE on the A-Interface.
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 preference 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.
10.5.2
Mid-Call Announcements/Tones

10.5.2.1
General

While a call is established the core network might send announcements or tones on the user plane to the UE, see 3GPP TS 23.205 [8]. One example of mid-call announcements is the warning message about a Prepaid account running dry. Such mid-call announcements and tones need to be delivered also to locally switched calls, either to one of the call legs or both. 

NOTE:
One aspect of the anticipated LCLS solution is that BSS may send silence codewords on the AoTDM/G.711(AoIP) user plane interface and periodic SID frames on AoIP interface (where compressed codec is used) respectively, which MGW returns back downlink to the BSS. In case of announcements the MGW should send the announcement downlink instead of the silence codewords or SID frames.
The mid-call announcements and tones are currently generated by the core network and need to be delivered to the user via the BSS also for locally switched calls. Five alternative solutions have been identified how to ensure the delivery:

1.
Signalling to indicate start and stop of mid-call announcement/tone.
2.
Mid-call Announcement and tone detection in the BSS.
3.
LCLS is not allowed for roaming subscriber or for subscribers in MSC-in-pool if the subscriber subscribes to services that might cause mid-call announcements or tones.

4.
Enhancement to solution 2 for multi-MGW scenarios: Inband tones indicating the start and stop of mid-call announcement to be detected by MGWs in a chain. Mid-call tones are differentiated from the "special inband control tones" and are thus detected as mid-call tones.
5.
Break of LCLS before start of mid-call announcement or tone and re-establishment of LCLS after completion.
These solutions are described more in detail below with corresponding benefits and drawbacks. 

10.5.2.2
Mid-call announcement solution using Signalling to indicate start of announcement

According to this solution the MSC-S informs the BSS that there will be an announcement/tone arriving and therefore the BSS should block the call leg speech data coming from the local link and let the announcement/tone go through on the specified call leg, but the speech path can be kept locally connected and audible on the unrelated call leg. The MSC Server controlling the MGW shall inform BSS (possibly through some other MSS) that the announcement/tone is over and that the BSS shall resume dropping user plane data coming from the A interface.  

This solution is straightforward for non-roaming subscribers, or more generally in the cases where only one MSS/MGW exist in speech path, but it is more problematic, e.g. for roaming subscribers, if the subscriber is using a service that might cause mid-call announcement/tone to be generated in the GMSC Server, for example CAMEL based services. In order to deliver announcement/tone also to locally switched calls, LCLS out-of-band signalling would be needed to enable GMSC Server to inform the originating or terminating MSC Server in control of the locally switched call about the announcement or tone. This part of solution would require extensions to the LCLS-Status-Update request messages to be specified (sent within ISUP/BICC/SIP-I).

One alternative is that only the non-roaming part of this solution is developed, i.e. to only define the new MSC Server message to inform BSS about the announcement or tone, see also the solution described in subclause 10.5.2.4 not to allow LCLS during announcements/tones.
It is assumed that the BSS detects the tone/announcement coming from the CN after it has been told to detect DL data and at that instant sends that data and mutes the local user data. Immediately that DL data stops it shall resume sending local user data. This should be the same behaviour in the BSS as for a MGW applying tones or announcements.

Editor's Note: 
it is FFS whether any special handling requirements exist for the BSS for any particular tones, if for example the user plane shall be muted within a series of tones related to pre-paid.

If this solution is selected, it would be preferable to define specific signalling to inform the BSC about the announcement/tone instead of using the basic LCLS control messages to allow or not allow LCLS, because LCLS as such shall not be broken due to the announcement, LCLS is only temporarily interrupted for the target call leg while the announcement /tone is played. It would also be preferable to define specific LCLS Status request type to be included in the LCLS-Status-Update message for this purpose between the MSC-Servers.  

All mid-call announcement solutions have to be able to handle mid-call announcements/tones when lawful interception is activated for either call leg and when there are more than one MGW in the connection (see subclause 10.5.2.3 for a detailed description of the issues). The detailed signalling solution for this purpose is FFS. 
The Pros of this solution are: 

One benefit of this solution is that there is no need to develop advanced announcement and tone detection in the BSS as described for solution using announcement detection in BSS.
LCLS is kept active in the BSS and only the side where the announcement is played is momentarily broken and user speech muted while the announcement is played.
The Cons of this solution are:

Due to the inherent independence of out-of-band control signalling and inband data, the exact time when it is allowed to pass through downlink user plane data (announcement /tone) and when to resume dropping downlink user plane data coming from the A interface is not exactly aligned with the inband data generated by the MGW. The timing of messages to control the handling of mid-call announcements and tones in the BSS according to this solution is therefore demanding.
Further analysis and more detailed description of the signaling solution would be needed to verify if these possible problems can be avoided or not.
This signalling solution causes delays in delivering the mid-call announcements and tones, because the MSC-Server has to ensure that the MGW is able to deliver the data exactly during the period when BSS, and possible other MGWs in the connection, are prepared to handle mid-call announcements and tones. The extent to which this delay is really measurable against existing tone delivery given the varying delays due to network load and the associated signalling queuing is debateable and depends on the signalling solution details.
Editor’s Note: 
More detailed analysis and optimization of the signaling flow solutions e.g. in subclause 10.5.2.6 would be needed to demonstrate whether the timing problems described above can be avoided or if the resulting disturbances are likely to be significant.
Other drawback is that a new LCLS-Status request type needs to be defined to be sent in the LCLS-Status-Update message and a new LCLS-ConnectionControl flag defined for the A-interface LCLS-CONNECTION-CONTROL message but this is quite a minor drawback, since these new messages shall be supported for LCLS anyhow.
10.5.2.3
Mid-call announcement solution using Announcement and tone detection in the BSS 

According to this solution there is no activation message from the MSC-S to the BSS before announcements/tones, instead the BSS uses voice detection to distinguish announcements and tones on the downlink. The BSC shall stop through-connecting the downlink user plane data to the user and resume LCLS user plane data after it detected that the announcement/tone was finished.

One anticipated LCLS aspect is that the BSC may transmit e.g. silence codewords or SID frames in the uplink of Call leg A, which the MGW should through connect on the other call leg downlink to the BSC (and in the other direction Call leg B uplink - MGW - Call leg A downlink). The BSC must stop this MGW connected user data from being forwarded to the users in an LCLS call. In this mid-call solution, the BSC needs to distinguish and detect announcements and tones from the MGW through connected silence codewords or SID-frames.

If LI solution using bicasting is activated for a LCLS call, the user data will be bi-cast e.g. for Call leg A and MGW will through connect the (bi-cast) A user plane data downlink to Call leg B. Therefore there is an interaction problem between this mid-call announcements and tones solution and Lawful Interception solution using bicasting.

It is assumed that the BSS detects the tone/announcement coming from the CN and at that instant sends that data and mutes the local user data. Immediately that DL data stops it shall resume sending local user data. This should be the same behaviour in the BSS as for a MGW applying tones or announcements.

Editor's Note: 
it is FFS whether any special handling requirements exist for the BSS for any particular tones, if for example the user plane shall be muted within a series of tones related to pre-paid.
The Pros of this solution are:
-
One benefit of this solution is that there is no dedicated signalling from the MSC-S to inform the BSS about the announcement.
· The BSS can easily distinguish speech, e.g. announcements and tones, from SID frames /silence codewords.
The Cons of this solution are: 
One drawback with this solution is that announcement detection would require new voice detection functionality in the BSS. Another drawback is that Lawful Interception solution using bicasting cannot work as anticipated together with this mid-call announcements and tones solution, because the through connected bicast speech would disturb BSC's voice detection of mid-call announcements. It would be impossible for BSS to distinguish voice announcements from downlink speech, but the BSS can easily distinguish speech, e.g. announcements and tones, from SID frames /silence codewords.
The interaction problem with LI solution using bicasting could be resolved eg by changing the MGW functionality in such a way that MGW should not return LCLS bicast user plane back to the BSS. This, however, would change the functionality of the MGW and LI solution using bicasting, which might make it more vulnerable for detection. An additional difficulty is that if there are several MGW's in a chain only the last MGW shall block the user plane transmission, see Figure 10.5.2.3.1.
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Figure 10.5.2.3.1 User plane connections in LCLS, when bi-casting is activated for LI purposes
In Figure 10.5.2.3.1 the A and B subscribers are under different MGW's/MSS's (e.g. because of multipoint configuration). LI is activated for the A-subscriber in MGW1 (normally also B-subscriber shall be monitored in that case). A mid-call tone or announcement needs to be played to the A-subscriber from MGW2. The enhanced solution described in 10.5.2.5 overcomes this problem.
10.5.2.4 
Mid-call announcement solution where LCLS is not allowed if the subscribed service might cause mid-call announcements

Mid-call announcements and tones for roaming CAMEL subscribers are done in GMSC Server. According to this solution, no new LCLS related signalling to originating or terminating MSC is performed to generate announcements or tones to roaming subscribers and therefore this solution does not require significant specification work. The consequence of such solution would be that LCLS is recommended not to be used at all for roaming CAMEL subscribers, or for such roaming subscribers that use some service, which might cause mid-call announcements or tones in the GMSC Server when roaming.

With this solution the MSC Server in control of LCLS shall check if the subscriber in question is roaming and subscribed to such a service that might cause mid-call announcements or tones in the GMSC Server and shall not initiate any LCLS for such subscribers. This solution could also apply for MSC-in-pool subscribers that possibly need to receive mid-call announcements or tones.
This solution can be combined with a partial signalling based mid-call solution, where only the new MSC Server message to inform BSS about the announcement is developed.
The Pro of this solution is: 

The benefit of this solution is that it does not require significant specification work to support announcements to locally switched roaming subscribers and that there is only small impact on implementations.
The Con of this solution is:

The big drawback of this solution is that LCLS would not be activated for roaming subscribers or for MSC-in-pool subscribers that might receive mid-call announcements or tones.

10.5.2.5 
Mid-call announcement solution: Inband tone between MGWs to indicate the start and stop of announcements/tones 

This solution is an enhancement to the BSS announcement/ tone detection solution described in subclause 10.5.2.3 to overcome the interaction problem when user plane data is bicast to the core network for lawful interception purposes or when bicasting is used to prepare for Inter-BSS handovers. 

It should be noted that the announcement management tones are only needed when there is more than one MGW in the user plane. When there is only one MGW in the user plane, that MGW simply replaces silence or the SID frames /silence codewords with the announcement or tone (depending on which CN user plane solution is used). The receiving BSS can therefore easily detect valid user plane data to be forwarded to the user. However since the LCLS solution shall support MSC-in-Pool, the solution also needs to support multiple MGWs.

According to this solution the MGW in a chain plays an inband "valid user plane data start" tone before the actual announcement to indicate the exact time when another MGW having connection to BSS shall let the downlink user plane data (announcement) go through. Immediately after the announcement came to an end, the "valid user plane data ended" tone is played from MGW to indicate that the announcement is over and that the last MGW in the chain that have connection to BSS shall, according to this solution discard any subsequent incoming user plane data. Optionally it may resume forwarding SID frames / G.711 silence codeword in downlink direction if this user plane "heartbeat" proposal is adopted. The mid-call announcement management tones shall be removed by the last MGW in the chain and are never sent to the BSS. The last MGW in the chain shall not forward any other user plane data to the BSS than SID frames /silence codewords or possible mid-call announcements or mid-call tones.
If the Access MGW connected to the BSS in the DL path starts receiving real user plane data from its preceding MGW (or directly uplink from the other call leg), without any preceeding LCLS management inband tone, this Access MGW shall not forward any such user plane data towards the BSS. Therefore eg bi-casted user plane data due to LI or Inter-BSS handovers of one call leg is blocked in the last MGW in the DL path and not forwarded to the other call leg. It should be clear that this changes the MGW through-connectivity; in effect the (last) MGW should continually poll for announcement management tones on the legs of a LCLS call. But for inter-BSS handover it is still desired that DL data is sent to the target BSS if the procedure conforms to current standard 23.205 behaviour. This solution causes quite a number of issues for the MGW and the definition of these properties depending on the topology in the MGW, i.e. the package property needs to be defined for the topology and not just per stream mode descriptor or context. 

Editor's Note: 
details signalling flows and connection models are needed to describe the inter-BSS handover for this MGW configuration option because the behaviour of all MGWs should e.g. be “taken back to normal” when executing the inter-BSS handover.
With this solution, the BSS should never  receive any real user data other than mid-call tones and announcements and shall distinguish this from SID frames / G.711 silence codeword (if this option is employed) and let the real user data go through to the MS as described in subclause 10.5.2.3. Immediately when the announcement came to an end, the BSS can detect this because it again starts receiving SID frames / G.711 silence codeword, which must not be forwarded to the user. 
Established LCLS and LCLS release shall be indicated to the MGWs via H.248 as described in subclause 8.3. The MSC Server knows that LCLS is activated for the call and when an announcement needs to be played it shall request the MGW, which is part of a MGW-chain, via H.248 to generate the "valid user plane data start" tone before the actual announcement is requested to be played (announcement must be played immediately after the tone). When the announcement is finished, the MSS shall request via H.248 the MGW to generate the "valid user plane data ended" tone. 

It is recognized that a user might generate a tone which could be identified as a "valid user plane data start" or "valid user plane data ended" tone, which are bicast to the core network when Lawful interception is active. The first MGW receiving the uplink user plane data from A interface shall block such tones originating from the UE. (The UE/user possibly generated mid-call announcement management tones are anyhow sent to the other call leg via the established LCLS link.) The MGW shall block and start replacing (overwriting) long-lasting user generated LCLS management tones with SID frames over AoIP and G.711 silence codewords on AoTDM (or when G.711 codec is used over AoIP). It is noted that with this solution only the Access MGW receiving UL user plane data can deliver the possible user generated LCLS management tones as such to lawful interception, if lawful interception is active in that MGW. Therefore, if lawful interception is activated for a LCLS call that involves several MGWs it is necessary to activate lawful interception for Access MGWs to ensure that possible user generated tones are delivered to lawful interception. 
This solution is applicable for the network scenario shown in Figure 10.5.2.3.1. For example, if MGW2 plays the announcement /tone towards the A-subscriber, MGW2 shall generate the mid-call announcement management tones with the announcement and the MGW1 shall manage the mid-call announcement /tone as explained above.
The inband LCLS management tones would need to be defined or some existing tones could be re-used. The selection or specification of the mid-call announcement management tones is limited and demanding, since the tones must be unique for LCLS only. One option would be to re-use the Special Information Tone defined by ITU-T. The tone selection or definition is to be concluded in the specification phase if this solution is selected.
The Pros of this solution are the following:

-
The pros of this solution from BSS point of view are the same ones as described in subclause 10.5.2.3.

-
There is no need to break LCLS due to the announcement or tone; LCLS is only temporary interrupted while the announcement or tone is played. 

-
There is no need for dedicated signalling from the MSC-S to inform the BSS about the announcement or tone, because BSS normally receives no user plane data at all or only SID frames /silence codewords while LCLS is established. BSS can trust that any received real user plane data from the core network is either mid-call announcement or mid-call tone. In addition, no new LCLS related signalling is needed between the originating and terminating MSC servers (e.g when announcement or tone. is generated to roaming subscriber), i.e. no new ISUP, BICC and SIP-I messages are needed.

-
The "timing problem" described for solution 1 is not applicable, because the MGWs in a chain are informed by the announcement management tones just before start of announcement and immediately after the announcement was completed. There is no timing problem in BSS, because the BSS simply receives the mid-call announcement/tone instead of SID frames /silence codewords. However other timing problems arise because the A-bis interface will be inactive when the BSS detects real DL data, i.e. announcement data. It must then queue the announcement until A-bis is active, this could take some time over satellite links.
-
There are no interaction problems with LI in the BSS because possibly bi-casted user plane data from one call leg is always blocked in the DL direction by the Access MGW and never delivered to the BSS.

-
There is no need to develop advanced announcement detection in the BSS as described for solution 2. 

The Cons of this solution are the following:

-
The MGW shall be informed by MSS via the H.248 interface that LCLS is established, this is anyhow necessary but this solution requires additional explicit indication to discard user plane data DL at the Access MGWs
-
This solution requires additional explicit indication for the Announcement handling for the MGW to insert the start and stop stones.

-
This solution requires explicit indication to detect the special tone for announcements/tones and thus allow this to pass through where other user plane data shall be blocked.

-
The inband tone detection in the MGW is demanding and new functionality is required in the MGW to handle tone generation and detection and interactions with sending or forwarding SID frames if that option is also supported. Currently the MGWs anyhow need to be able to detect e.g. DTMF tones, but the LCLS management tone handling is specific tone discrimination and not just detecting a tone e.g. from the currently specified DTMF tones. It is thus more complex than DTMF detection and can result in erroneous behaviour if the tone is not detected.

-
Another drawback is that the selection or specification of the mid-call announcement management tones is limited and demanding, since the tones must be unique for LCLS only. 
-
This solution impacts existing MGW implementation for DSP handling. All tone sending implementations need to be modified for LCLS to insert the management tones before and after generating the requested announcement/tone.

-
All MGWs must be sniffing for these management tones in the UL from the BSS in the event that LI is active to delete such tones from the payload. This does not appear to be trivial and is a violation of the LI principles since it will not pass the exact user data to the interception agency unless this is active in the MGW that strips off the tone. 

-
During inter-BSS handover these settings may need to be modified in order to minimise the break in user plane data – this can add additional signalling steps.
-
MGWs in the path need to be permanently sniffing for the management tones if the userplane is bicast even when no tone or announcement handling is requested from that MGW. This is an ongoing load/overhead.

-
Generally the use of inband tones for control signalling should be avoided as it is dependent on the encoding/DSP support and also has implications on other In Path Equipment, e.g. modems etc. 

-
BSS must activate the A-bis interface immediately it detects the announcement/tone from the access MGW and then buffer the announcement/tone until the A-bis is active. 

This solution requires some quite complex MGW behaviour and interactions depending on what new package properties have been set and whether LI is currently activated for the call. Further detailed user plane connection models and signalling sequences are needed before this solution can be seen to work efficiently.

10.5.2.6 
Mid-call announcement solution when the user plane is de-activated in the core network during LCLS

According to this solution the MSC server first must inform all MSC servers in the path towards the UE that should receive the announcement/tone that the user plane needs to be activated. Every MSC server will then requests the corresponding MGW(s) to activate the user plane.

The last MSC server in the chain i.e. oMSC or tMSC needs to inform the BSS that announcement/tone will be played from the CN. Since the user plane was previously inactive the BSS should easily detect the mid-call announcement/tone to be forwarded to the corresponding UE and block the speech data coming from the local link from the unaffected UE (towards which announcement/tone will not be played). Immediately when the announcement is completed the BSS can detect this and unblock the speech data coming from the local link from the unaffected UE. When the MSC server receives the response that the user plane is activated it provides the MGW with the announcement/tone identification and requests the MGW to notify the announcement/tone completion using the Play Announcement or Send Tone procedure. At reception of notification of the announcement/tone completion the MSC server request the MGW to de-activate the user plane and will also request that all MSC servers in the chain do the same to secure de-activation of the user plane after the announcement/tone completion. The last MSC server in the chain i.e. oMSC or tMSC will inform the BSS that the announcement/tone is over and that the BSS shall resume dropping the user plane data coming from the CN.
Figure 10.5.2.6.1 shows the network model where the iMSC server requests the iMGW to play the announcement/tone directly on the desired bearer termination Ta from which the signal shall be sent towards the oUE. The bearer termination Tb is used for the bearer towards the succeeding tMGW (i.e. towards the tUE).
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Figure 10.5.2.6.1: Connection Model, Mid-Call Announcement when User Plane was previously inactive

Figure 10.5.2.6.2 shows the message sequence example for providing the oUE with an announcement/tone. In the example the iMSC server requests the iMGW to play an announcement/tone and to notify the announcement/tone completion.
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Figure 10.5.2.6.2: Mid-Call Announcement Flow when User Plane was previously inactive

1. iMSC identifies that mid-call announcement/tone needs to be played towards oUE.

2. Since the user plane is an inactive due to the LCLS the iMSC requests the activation of the user plane towards the oUE by sending a LCLS status update message BICC APM (or INFO request in case of SIP-I) and also indicates that oBSS needs to be informed that announcement/tone will be played from the CN.

3. oMSC reconfigures its MGW connections to be active (backward through-connected).

4. oMSC informs oBSS with a new message LCLS_UP_DATA that the user plane data needs to be (temporarily) provided to oUE from the CN.

5. oBSS confirms the user plane data can be send from the CN with a new LCLS_UP_DATA_ACK message.

6. oMSC confirms the activation of the user plane and oBSS is prepared for the reception of announcement/tone.

7. At reception of LCLS status update response message iMSC provides the iMGW with the announcement/tone identification and requests the iMGW to notify the announcement/tone completion using the Play Announcement or Send Tone procedure.

8. iMGW notifies the iMSC when the announcement/tone is completed using the Announcement Completed or Tone Completed procedure.

9. With the LCLS status update message iMSC requests the de-activation of the user plane towards the oUE and also indicates that oBSS needs to be informed that no user plane data should be expected from the CN.

10. oMSC reconfigures its MGW connections to be inactive.

11. oMSC notifies oBSS with a new message LCLS_UP_DATA that should not expect user plane data from the CN anymore.

12. oBSS replies with a LCLS_UP_DATA_ACK message.

13. oMSC confirms the user plane is inactive with the LCLS status update response message.

The Pros of this solution are:

-
No change to the Mc interface handling for tones/announcements

-
No change to the MGW implementation for generating tones/announcements.

-
BSS is aware that it will receive UP data specifically, it does not require it to detect the announcement/tone or any inband indication that an announcement/tone is about to be sent all the time.

-
The BSS implementation can minimise the gap between transmitting user data between parties and the tone/announcement. 

The Cons of this solution are:

-
Additional signalling is required to through the core-network and on the A-interface.
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.

10.5.2.8 
Mid-call announcement solution using Out of Band control signalling for the intercepted LCLS calls

10.5.2.8.1
General Information

If the LCLS call is also an intercepted call the BSS is bi-casting user plane data Uplink. The BSS discards the user plane data coming from the CN via the A-interface in downlink while for the mid-call announcement/tone the BSS must forward it to the corresponding UE. Furthermore in case of mid-call announcement/tone the BSS must block the speech data coming from the local link from the unaffected UE (i.e. towards which announcement/tone will not be played). Due to that the MSC server first must inform the BSS (through all MSC servers in the path towards the UE that should receive the announcement/tone) that announcement/tone will be played from the CN as the BSS is not able to distinguish between the announcement/tone and Downlink speech. When the BSS receives the information that mid-call announcement/tone is going to be played the BSS stops bi-casting the user plane data in the Uplink. Since the bi-casting of the user plane data will be temporarily disabled the BSS should easily detect later on the mid-call announcement/tone that should be forwarded to the corresponding UE and block the speech data coming from the local link from the unaffected UE. Immediately the announcement is completed the BSS can detect this and unblock the speech data coming from the local link from the unaffected UE. When the MSC server receives the response that the BSS has temporarily ceased the bi-casting of the user plane data it provides the MGW with the announcement/tone identification and requests the MGW to notify the announcement/tone completion using the Play Announcement or Send Tone procedure. At reception of notification of the announcement/tone completion the MSC server will inform the BSS that the announcement/tone is over and that the BSS shall resume bi-casting of the user plane data.

10.5.2.8.2
Mid-Call Announcement for intercepted LCLS call, when BSS ceased bi-casting 

Figure 10.5.2.8.2.1 shows the network model where the iMSC server requests the iMGW to play the announcement/tone on another termination in the context connected via topology information to the desired termination.
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Figure 10.5.2.8.2.1: Connection Model, Mid-Call Announcement for intercepted LCLS call

Figure 10.5.2.8.2.2 shows the message sequence example for providing the oUE with an announcement/tone. In the example the iMSC server requests the iMGW to play an announcement/tone by seizing a new ephemeral announcement/tone termination Toat with the indication that a tone or announcement shall be forwarded internally to the bearer termination Ta towards which the topology association is "oneway" and requests the iMGW to notify the announcement/tone completion.
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2.LCLS status update: APM [LCLS-Status = "LCLS 

connected";Local-UP-Status = "announcement (inactive 

side) preparation"]

4.LCLS status response: APM [LCLS-Status = 

"LCLS connected";Local-UP-Status-Response = 

"announcement (inactive side) preparation done"]

9. Context iC: 

ADD (Toat); Play announcement/Send tone 

+ change flow direction (Ta, Tb, isolate), 

(Toat, Tb, isolate), (Toat, Ta, oneway)

11. SUB (Toat): Release termination + 

Change flow direction (Ta, Tb, bothway

12.LCLS status update: APM [LCLS-Status = "LCLS 

connected";Local-UP-Status = "announcement 

(inactive side) completed"]

14.LCLS status response: APM [LCLS-Status = 

"LCLS connected";Local-UP-Status-Response = 

"announcement (inactive side) completed"]

NOTE:

·

Steps 2 -4 & 5 -8 are executed in parallel.

·

Steps 12 -14 & 15 -18 are executed in parallel.

3.LCLS_UP_DATA(LCLS-UP-Status = 

"disable UL data")

3a.LCLS_UP_DATA_ACK(LCLS-UP-

Request-Status = "UL data disabled")

13.LCLS_UP_DATA(LCLS-UP-Request = 

"enable UL data")

13a.LCLS_UP_DATA_ACK(LCLS-UP-

Request-Status = "UL data enabled")


Figure 10.5.2.8.2.2: Mid-Call Announcement Flow for intercepted LCLS call, when BSS ceased bi-casting 
1.
iMSC identifies that mid-call announcement/tone needs to be played towards oUE.

2.
Since the BSS is bi-casting the user plane data uplink the iMSC indicates in the LCLS status update message BICC APM (or INFO request in case of SIP-I) MSC to request tBSS to (temporarily) stop bi-casting user plane data in the Uplink.

NOTE:
oBSS is not able to distinguish between the announcement/tone and Downlink speech and due to that tBSS must stop bi-casting user plane data in the Uplink to enable oBSS later on to easily detect the mid-call announcement/tone. 
Editor’s Note:
The names of the CN messages and the corresponding IEs introduced for bi-casting are just 
working names used to explain the solution but the exact names can be assigned only after consultation with SA3-LI.

Editor’s Note:
The new LCLS IEs introduced on the Radio Access Interface seem related to the LCLS configuration and should be aligned with the definition of the LCLS configuration IE, see sub-clause 15.2.   

3.
tMSC requests tBSS with a new message LCLS_UP_DATA to (temporarily) stop bi-casting user plane data in the Uplink.

3.a
tBSS acknowledges the bi-casting is stopped with the new LCLS_UP_DATA_ACK message.

4.
tMSC confirms tBSS temporarily ceased bi-casting.

5.
iMSC asks oMSC to request oBSS to (temporarily) stop bi-casting and also to inform it that announcement/tone will be played from the CN.

6.
oMSC sends to oBSS the new message LCLS_UP_DATA to (temporarily) cease bi-casting and that the user plane data needs to be (temporarily) provided to oUE from the CN.

7.
oBSS confirms the user plane data can be send from the CN with a new LCLS_UP_DATA_ACK message.

8.
oMSC confirms the oBSS is prepared for the reception of announcement/tone.

9.
iMSC server requests the iMGW to play an announcement/tone by seizing a new ephemeral announcement/tone termination (Toat) with the indication that a tone or announcement shall be forwarded internally to the bearer termination Ta  towards which the topology association is 'oneway' and also requests the iMGW to notify the announcement/tone completion.

10.
iMGW notifies the iMSC when the announcement/tone is completed using the Announcement Completed or Tone Completed procedure.

11.
iMSC server requests the iMGW to release announcement/tone termination (Toat)  

12.
iMSC indicates in the LCLS status update message to tMSC to inform tBSS to resume bi-casting user plane data.

13.
tMSC informs tBSS to resume bi-casting user plane data in the Uplink.

13a.
tBSS confirms the bi-casting is resumed.

14.
tMSC confirms the bi-casting is resumed.

15.
iMSC indicates in the LCLS status update message to oMSC to inform oBSS to resume bi-casting user plane data.

16.
oMSC informs oBSS to resume bi-casting user plane data in the Uplink.

17.
oBSS confirms the bi-casting is resumed.

18.
oMSC confirms the bi-casting is resumed.
The Pros of this solution are:

-
No change to the Mc interface handling for tones/announcements

-
No change to the MGW implementation for generating tones/announcements.

-
BSS is aware that it will receive UP data specifically, it does not require it to detect the announcement/tone or any inband indication that an announcement/tone is about to be sent all the time.

-
The BSS implementation can minimise the gap between transmitting user data between parties and the tone/announcement. 

The Cons of this solution are:

· Additional signalling is required to through the core-network and on the A-interface.

· A small period of time LI does not receive the needed data.

10.5.2.8.3
Mid-Call Announcement for intercepted LCLS call, when CN User plane is de-activated
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8.LCLS status response: APM [LCLS-Status = 

"LCLS connected";Local-UP-Status-Response = 

"announcement (active side) preparation done"]

10. NOTIFY (Toat): Announcement 

completed / Tone completed

15.LCLS status update: APM [LCLS-Status 

= "LCLS connected";Local-UP-Status = 

"announcement (active side) completed"]

16.LCLS_UP_DATA(LCLS-UP-

Request = "disable UP data")

17.LCLS_UP_DATA_ACK(LCLS-UP-

Request-Status = "UP data disabled")

18.LCLS status response: APM [LCLS-Status = 

"LCLS connected";Local-UP-Status-Response = 

"announcement (active side) completed"]

Announcement/tone

2.LCLS status update: APM [LCLS-Status = "LCLS 

connected";Local-UP-Status = "announcement (inactive 

side) preparation"]

4.LCLS status response: APM [LCLS-Status = 

"LCLS connected";Local-UP-Status-Response = 

"announcement (inactive side) preparation done"]

3. Context tC: 

MOD REQ. (T

4 

INACTIVE) / change through-

connection

9. Context iC: 

ADD (Toat); Play announcement/Send tone 

+ change flow direction (Ta, Tb, isolate), 

(Toat, Tb, isolate), (Toat, Ta, oneway)

11. SUB (Toat): Release termination + 

Change flow direction (Ta, Tb, bothway

12.LCLS status update: APM [LCLS-Status = "LCLS 

connected";Local-UP-Status = "announcement 

(inactive side) completed"]

14.LCLS status response: APM [LCLS-Status = 

"LCLS connected";Local-UP-Status-Response = 

"announcement (inactive side) completed"]

13. Context tC: 

MOD REQ. (T

4 SENDRECV

) / 

change through-connection

NOTE:

·

Steps 2 -4 & 5 -8 are executed in parallel.

·

Steps 12 -14 & 15 -18 are executed in parallel.

NOTE:

Steps 3 & 13 are requested 

by MSC which activated LI.


Figure 10.5.2.8.3.1: Mid-Call Announcement Flow for intercepted LCLS call, when CN User plane is de-activated
As the signalling on the A-interface to control BSS bi-cast is an indirect indication that LI might be activated the possible option is that the MSC which activated LI secures inactive user plane (by sending to the corresponding MGW request to configure its termination to inactive).

The following steps are different compared to the basic call sequence presented in the figure 10.5.2.8.2.2:

2.
Since the BSS is bi-casting the user plane data uplink the iMSC indicates in the LCLS status update message BICC APM (or INFO request in case of SIP-I) that announcement is going to be played towards the other side UE. MSC that activated LI is the only node that has to react at the reception of this information to secure inactive user plane (by sending to the corresponding MGW request to configure its termination to inactive).

3.
tMSC server requests the tMGW to change the through-connection of the bearer to inactive.
4.
tMSC confirms User plane is temporarily inactive.
5. – 11. 
as for the sequence in figure 10.5.8.2.2

12.  
iMSC indicates in the LCLS status update message to tMSC to de-activate user plane.

13.  
tMSC server requests the tMGW to change the through-connection of the bearer to bothway.

14.
tMSC confirms activation of the user plane.

15. – 18. 
as for the sequence in figure 10.5.8.2.

10.5.2.9
Conclusion on Mid-call announcements and tones

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

3. 1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.6
DTMF in from MS to Network in an MS-to-MS call

DTMF can be sent to the core network also when LCLS is being used, because DTMF is then forwarded in signalling on the control plane. 

10.7 
Enhanced Multi-Level Precedence and Pre-emption service (eMLPP) 

eMLPP is always done during call set-up and handled by the MSC-S and therefore such calls can be locally switched, no impact of eMLPP is foreseen on LCLS.

10.8 
Call Deflection Service 

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.9 
Calling Line Identification Presentation (CLIP) Calling Line Identification Restriction (CLIR) Connected Line Identification Presentation (COLP) Connected Line Identification Restriction (COLR) 

The calling line identification related services are signalling based and therefore there is no impact on LCLS.

10.10 

Call Forwarding Services Call Forwarding Unconditional (CFU) Call Forwarding on mobile subscriber Busy (CFB) Call Forwarding on No Reply (CFNRy) Call Forwarding on mobile subscriber Not Reachable (CFNRc), Call forwarding after user determined user busy (UDUB)


There may be interaction between LCLS and the call forwarding services both when the B subscriber call leg is a LCLS candidate and when the forwarded-to C subscriber call leg is a LCLS candidate. Unconditional CFU and CFB are performed in the core before the call is connected and therefore there is no interaction for these services between the B subscriber call leg and LCLS. LCLS may be activated if the forwarded-to C subscriber call leg is local together with the A subscriber call-leg. 

On CF on no reply (CFNRy), CF on mobile not reachable (CFNRc) and CF on mobile subscriber busy (CFB) the call is forwarded before connect and therefore there is a possible interaction between the original LCLS negotiation, which indicated LCLS feasible during the set-up phase and subsequent LCLS negotiation for the forwarded-to call leg, which may result in LCLS not being feasible or vice versa.

Handling of LCLS together with call forwarding services therefore may require e.g. that the initial LCLS signalling with the B subscriber call leg needs to be cancelled and new LCLS signalling may need to be initiated with the C subscriber call leg.
The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature

10.11 
Call Waiting (CW)

10.11.1
General

In order to identify the interactions between Call Waiting supplementary service (CW) and LCLS the following is assumed:

-
subscriber A is to be the served subscriber with the call waiting supplementary service,  

-
subscriber B is to be the one who is engaged in a call with user A, 

-
subscriber C is to be the one who has originated a call to subscriber A which causes the call waiting supplementary service to be invoked.

If the served mobile subscriber A has activated the CW service and has an active call towards user B, then when an incoming call from user C arrives the CW service shall be invoked and the call shall be offered to subscriber A with an appropriate indication. The mobile subscriber A has then the choice of accepting, rejecting or ignoring the incoming call.
-
Subscriber A is served by aMSC and aBSS; subscriber B is served by bMSC and bBSS; subscriber C is served by cMSC and cBSS. 

-
LCLS is supported by all nodes. 

-
Subscribers C, A and B are served by the same BSS (cBSS, aBSS and bBSS are the same BSS). Furthermore if BSS ID is used for "intra-BSS call" detection by cMSC and aMSC: cBSS ID is equal to aBSS ID. 

-
Active call between subscribers A and B is an "intra-BSS call" with global call reference GCR-ab.
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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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+

aBSSID]

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  


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-Preference and LCLS_ConnectionStatusControl set to  "connect".

23a. 
aBSS returns the ASSIGNMENT COMPLETE message with LCLS-Status indicating "LCLS feasible".

23b. 
cBSS signals LCLS_NOTIFICATION with LCLS-Status set to "LCLS feasible".

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.

10.12 
Call Hold (CH)


Possible announcements due to Call Hold should be covered by the solution to support mid-call announcements and tones, see subclause 10.5.2.
The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.13 
Multiparty (MPTY)

When the Multiparty service is invoked a potentially established Local Switching is to be broken. This requires interworking with LCLS and is for further study. 
The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.14 
Closed User Group (CUG)

No impact. 

10.15 
Advice of Charge (AoC)

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.16 
User-to-User Signalling (UUS)

No impact.
10.17 
Call Barring Services

No impact.

10.18 
Explicit Call Transfer (ECT)

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.19 
Completion of Calls to Busy Subscriber (CCBS)

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.20 
Multicall 

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.21 
Calling Name Presentation (CNAP)

No impact.
10.22 
Voice group call service (VGCS), Voice broadcast service (VBS)

LCLS is not allowed for VGCS and VBS because the dispatchers are a multiparty call and for talkers and listeners the distribution point of voice is in the MSC.

10.23
Emergency Calls

Emergency calls are anticipated to terminate in the fixed network and therefore emergency calls are not eligible for LCLS.

10.24
RTP Multiplexing

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.25
Customised Alerting Tone (CAT)

There is no interaction between LCLS and multimedia CAT; LCLS is not supported for multimedia calls. Audio CAT should be played before the call is connected and therefore there is no interaction with LCLS. The audio CAT in the mid-call phase is for further study, see subclause 8.5.2.

10.26
CAMEL

The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
10.27
IMS Centralized Services (ICS)
It needs to be studied in particular how to support the LCLS signalling negotiation via SIP signalling for MSC Servers enhanced for ICS. 
The analysis and conclusion for the impact of LCLS to this Supplementary Service/Feature is not complete.  Therefore it is recommended that the Local Call Local Switch functionality is either:-

1.
not applied at call establishment when utilizing this Supplementary Service/Feature

or

 2.
is broken during the call and the user plane routed back to the core network when utilizing this Supplementary Service/Feature
* * * Next Change * * * *

16.
Conclusions and Recommendations
Through the preceding technical investigation within this technical report, it is concluded that providing Local Call Local Switch functionality is achievable with functionality both with the BSS and the Core Network.

It is recommended to 3GPP that the necessary detail within this report related to fundamental functionality is used as a basis for further technical work within the Release 10 timeframe. Fundamental functionality is defined below:-

-
Ability to Establish Local Call Local Switch

-
Call Leg Correlation

-
Signaling on A-interface and within Core Network

-
User Plane configuration when LCLS is active

-
Lawful Intercept

-
Ability to Break LCLS

It is further recommended that Stage 2 and Stage 3 work be specified within existing specifications as defined within Annex X

It is also recommended to 3GPP that further technical investigation and specification is required within the Release 11 timescale in order to progress further enhancements to LCLS e.g. Impacts of LCLS to some Supplementary Services and Existing Features.
* * * Next Change * * * *

Annex X (informative):
Impacts to Existing Specifications

Table A.1 identifies the existing specifications within CT Working Groups that require modification to define LCLS.

Table A.1
	Existing Specification
	Responsible WG
	Brief summary of impacts

	3GPP TS 23.205 [8]
	CT4
	Modification of call flows and procedures to introduce LCLS core network functionality in a BICC based CS Core Network.

	3GPP TS 23.231 [12]
	CT4
	Modification of call flows and procedures to introduce LCLS core network functionality into a SIP-I based CS Core Network,


* * * Next Change * * * *

Annex Y:
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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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