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1. Introduction
The different solutions need to accurately list their pros and cons so that each solution can be evaluated.
2. Reason for Change
The pros and cons text is not complete and needs updating/correcting.  
3. Conclusions

4. Proposal

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

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. 
Pros and Cons
Pros: 

-
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 CN user plane can be de-activated and the BSS does not need to handle and DL data while in LCLS.
Cons:

· 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.
· 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
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.
.
* * * Next Change * * * *

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.
Pros and Cons

Pros:
-
One benefit of this solution is that there is no dedicated signalling from the MSC-S to inform the BSS about the announcement.
·  PHIL: I don’t believe this is necessarily easy or a benefit…it is simply a requirement for this to work isn’t it ?
Cons: 
· 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 BSS must 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.
* * * Next Change * * * *

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.
Pros and Cons

Pros: 

-
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.
 Cons:

-
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.

* * * Next Change * * * *

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.
Pros and Cons
Pros:

-
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. 

-
 PHIL: this is not a PRO – it means that the BSS cannot simply "ignore any data from the CN" it must always be prepared to receive any data and then detect the tone. If it is receiving SID frames that the fact that it must handle these is also a drawback.
-
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. 

Cons:

-
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. 
-
BSS must keep its BSC-MSC user plane connection active while in LCLS and always check if data is received. If SID frame sending is also supported then it must detect the real data and react upon this instead of discarding the SID frame…this requires continuous A-interface user data support by the BSS when in LCLS.
-
the interactions with the MGW handling become inordinately complex when performing Inter-BSS handover and cannot be handled as per existing MGW topology.
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.

* * * End of Changes * * * *

