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Description of the problem 

Circuit-switched multimedia calls have been supported by the 3GPP standard since R99. According to TS 22.002, these multimedia calls require a bearer with a 'fixed network user rate' (FNUR) between 28.8 kbit/s and 64 kbit/s. This means that independent of the radio access technology, GERAN or UTRAN, the bearer capability (BC) IE sent with the SETUP message from the MS to the network in case of a mobile originated and from the network to the MS in case of a mobile terminated multimedia call has to include octet 6d with the parameter FNUR. 

In R99 and Rel-4, the MS and the network can indicate the possibility to perform a fallback during call setup from analogue multimedia to speech by including 2 BC IEs, both a 'multimedia (3.1 kHz audio)' BC and a 'speech' BC in the SETUP message. In Rel-5, inclusion of both a 'multimedia (UDI)'  BC and a 'speech' BC in the SETUP message indicates that the MS or the network wants to setup a UDI multimedia call with the possibility to perform a fallback to speech during call setup or to perform a service change during the call.  

A comparison of the R99 – Rel-5 versions of TS 24.008, TS 27.001, TS 29.007, and TS 23.172 shows that there are inconsistencies between TS 24.008 and the other specifications concerning the question whether it is allowed to accept such a multimedia call with 2 BC IEs by returning a CALL PROCEEDING message (mobile originated case) or a CALL CONFIRMED message (mobile terminated case) containing no BC IE. Furthermore, there are possible interworking problems between the R99/Rel-4 and the Rel-5 version of the signalling for analogue multimedia calls with fallback to speech.

In detail the situation is as follows:

R99/Rel-4

According to TS 24.008, clause 5 and clause 9, the only possibility to accept an analogue multimedia call with 2 BC IEs in the SETUP message is to return both BC IEs with the CALL PROCEEDING or CALL CONFIRMED message (see Annex A, text highlighted in yellow). 

In contrast to this, TS 27.001 allows to accept an analogue mobile terminating multimedia call by returning no BC IE, and TS 29.007 allows this both for mobile terminating and the mobile originating multimedia calls. 

Rel-5

According to TS 24.008, clause 5, it is now allowed to accept an analogue or UDI multimedia call with 2 BC IEs in the SETUP message by returning no BC IE with the CALL PROCEEDING or CALL CONFIRMED message (see Annex B). According to clause 9, it is still required to return both BC IEs. I.e. TS 24.008 itself is now inconsistent.

In TS 27.001, TS 29.007, and TS 23.172 (SCUDIF stage 2), the option to return no BC IE is allowed for the mobile originated and mobile terminated case, both for analogue and UDI multimedia calls.

Note that an MS, implemented according to TS 24.008, Rel-5, clause 5, may become interworking problems when it tries to accept an analogue multimedia call with fallback to speech from a MSC, implemented according to TS 24.008, Rel-4, by returning no BC IE.

The History of Service Acceptance by Returning no BC-IE

The possibility to accept a requested service by returning no BC-IE has been in the GSM standard since the  beginning. For data services, however, for reasons of backwards compatibility this possibility only applies to the GSM phase 2 singleslot data services with a user rate ≤ 9.6 kbit/s:

With the introduction of user rates > 9.6 kbit/s and multislot services in GSM phase 2+, new octets 6d, 6e, etc., were added to the BC IE. If a network in A/Gb mode asks for a service with a BC IE including octet 6d, etc., and the MS wants to accept the service as requested by the network, the MS has to reply with the full BC IE, including the enhancements (i.e. octet 6d, etc.). Otherwise it would not be possible for the network to discriminate between a new MS that understands the BC enhancements in octet 6d, etc., and wants to accept the service as requested and an old MS that ignores the BC enhancements and wants to accept the GSM phase 2 singleslot data service (= fallback service) with a user rate ≤ 9.6 kbit/s, as encoded in the BC octets up to 6c (see Annex A, text highlighted in green). - The same applies vice versa for the mobile originated case.

In other words, in A/Gb mode, to reply to a data service by returning no BC IE always means that a fallback to a GSM phase 2 singleslot data service with a user rate ≤ 9.6 kbit/s is performed. With such a bearer, however, a multimedia call is not possible.

When in R99 the option was introduced to TS 27.001 to accept a multimedia call by returning no BC IE, if the SETUP message contained 2 BC IEs, the specification became inconsistent, because the BC IE for multimedia always includes octet 6d.

It should also be noted that this option was not specified for the case that the SETUP message contains only 1 (multimedia) BC IE instead of 2 BC IEs (1 for multimedia and 1 for speech).

Conclusion

1) The option to accept a multimedia call with 2 BC IEs in the SETUP message by returning a CALL PROCEEDING message (mobile originated case) or a CALL CONFIRMED message (mobile terminated case) containing no BC IE was introduced to the standard in an inconsistent manner. There are inconsistencies both between different standards (e.g. between TS 24.008, R99, and TS 27.001, R99) and within certain standards (e.g. within TS 27.001, or within TS 24.008, Rel-5). 

2) The option in TS 27.001 and TS 29.007 is a special case that is only applicable to multimedia calls with fallback/service change, but not to multimedia calls without fallback/service change or to other services that are signalled with 2 BC IEs (TS 61), and it is in contradiction to TS 24.008, clause 9. 

3) From Rel-4 to Rel-5, TS 24.008 became inconsistent in itself. As a consequence, depending on the implementation chosen, there will be possible interworking problems between Rel-4 and Rel-5, or between different Rel-5 implementations.

Proposal for Decision
In order to remove the inconsistencies from the standard and to avoid possible interworking problems between Rel-4 and Rel-5, we propose to remove the option to accept a multimedia call by returning no BC IE from all the affected specifications, i.e. from 

· TS 24.008, Rel-5 and 6; 

· TS 27.001, R99 – Rel-6;
· TS 29.007, R99 – Rel-6, and 
· TS 23.172, Rel-5 and 6.
Annex A: R99 and Rel-4

According to TS 24.008, R99 and Rel-4, subclause 5.3.6.2.2, Mobile terminating multimedia call:

The MS shall indicate the supported call type(s) in the CALL_CONFIRMED-message, which is the acknowledgement to SETUP. The MS has following options for the inclusion of bearer capability IE in the CALL_CONFIRMED message:

-
if the MS/user accepts the offered multimedia call, and supports speech fallback both multimedia and speech bearer capability IEs shall be included
-
if the MS/user accepts the offered multimedia call, but does not support speech fallback only a multimedia bearer capability IE shall be included

-
if the MS/user wishes a speech (only) call a speech bearer capability IE is included

For the mobile originated multimedia call (5.3.5.2.1) the network options for the inclusion of the bearer capability IEs in the CALL PROCEEDING message are not specified in detail.
Besides this, there are general requirements in the definition of the Call Confirmed message, subclause 9.3.2.2, Bearer capability 1 and bearer capability 2:

The bearer capability 1 information element shall be included if and only if at least one of the following six cases holds:

-
the mobile station wishes another bearer capability than that given by the bearer capability 1 information element of the incoming SETUP message;

-
the bearer capability 1 information element is missing or not fully specified in the SETUP message;

-
the bearer capability 1 information element received in the SETUP message is accepted and the "radio channel requirement" of the mobile station is other than "full rate support only mobile station";

· the bearer capability 1 information element received in the SETUP message indicates speech and is accepted and the mobile station supports CTM text telephony;

-
the bearer capability 1 information element received in the SETUP message indicates speech and is accepted and the mobile station supports other speech versions than GSM version 1; Except in the case of UMTS speech where default UMTS AMR speech version shall be assumed.

-
the bearer capability 1 information element received in the SETUP message included the "fixed network user rate" parameter.
When the bearer capability 1 information element is followed by the bearer capability 2 IE in the SETUP, the above rules apply to both bearer capability 1 IE and bearer capability 2 IE. Except those cases identified in 3GPP TS 27.001, if either bearer capability needs to be included, both shall be included.
Furthermore, both bearer capability information elements may be present if the mobile station wishes to reverse the order of occurrence of the bearer capability information elements (which is referred to in the repeat indicator information element, see clause 10.5.4.22) in cases identified in 3GPP TS 27.001.

If the mobile station wishes to indicate capability for an altenative call mode, which can be entered during the call through in-call modification, this is indicated by adding a bearer capability information element (bearer capability) 2 element (see clause 5.3.6). 

and in the definition of the Call Proceeding message, subclause 9.3.2.2, Bearer capability 1 and bearer capability 2:

The bearer capability 1 information element is included if the network has to specify at least one of the negotiable parameters described in 3GPP TS 27.001, or if the bearer capability 1 information element received in the SETUP message included the "fixed network user rate" parameter.

When the bearer capability 1 information element is followed by the bearer capability 2 IE in the SETUP, the above rule applies to both bearer capability 1 IE and bearer capability 2 IE. Except those cases identified in 3GPP TS 27.001, if either bearer capability needs to be included, both shall be included.
In contrast to this, TS 27.001, R99 and Rel-4, specify for the mobile terminating case (8.3.3.1):

The following MT cases can be deduced from the individual call set-up request conditions:

a)
…

b)
If the set-up message contains a single BC-IE, the MS in the call confirm message shall use either a single BC‑IE, if it wants to negotiate mobile specific parameter values, or, unless otherwise specified in annex B, no BC-IE, if it agrees with the requested ones.
c)
If the set-up contains a multiple BC-IE, the MS in the call confirmed message shall use either a multiple BC-IE, if it wants to negotiate mobile specific parameter values, or, unless otherwise specified in annex B, no BC-IE, if it agrees with the requested ones. In case of a 3,1kHz multimedia setup the MS can either accept the possibility of a fallback to speech by responding with two BC-IEs or with no BC-IEs or turn the call to a speech call by sending only a speech BC-IE in the call confirm message or turn the call to a multimedia only call (i.e. no fallback to speech allowed) by sending only a multimedia BC-IE in the call confirm message. Alternatively a single BC-IE containing fax group 3 only shall be used if a multiple BC-IE requesting speech alternate fax group 3 is received and the MS is not able to support the speech capability. Annex B, table B.7, describes the negotiation rules.

…

If the BC-IE received from the network contains the parameters 'fixed network user rate', 'other modem type' and possibly the 'user initiated modification', the MS can either:

a)
if in GSM, discard these parameters; or

b)
include the possibly modified values for the 'fixed network user rate' and 'other modem type' in the BC-IE of the call confirmed message. The network might accept or reject the modified values. In this case the MS shall also include the parameters 'maximum number of traffic channels' and 'acceptable channel codings'. Additionally for non-transparent services, the MS shall also include the parameters 'wanted air interface user rate' and the 'user initiated modification indication'.

In case a),The MS shall use the fall-back bearer service indicated by the remaining parameters of the BC-IE on a single slot configuration (reference 3GPP TS 04.21).

In GSM case b), a single slot configuration shall be used by the MS, in case the 'maximum number of traffic channels' is set to "1 TCH" and the 'user initiated modification indication' is set either to "user initiated modification not required" or to "user initiated modification up to 1TCH may be requested"; other wise the MS shall use a multislot configuration (reference 3GPP TS 04.21).

…

If the MS receives a BC-IE in the SETUP message containing the parameters 'fixed network user rate', 'other modem type', the MS may include these parameters in the BC-IE of the CALL CONFIRMED message (i.e. octets 6d, 6e, 6f, and 6g ref. to 3GPP TS 24.008), with parameter values negotiated according to Annex B. If no BC-IE is received in the SETUP message, the MS may include these parameters in the CALL CONFIRMED message. However, in this case, the network may release the call if it does not support these parameters.

whereas for the mobile originating case the option 'no BC included' is not mentioned:

8.3.3.2
Indication in case of Mobile originating calls

…

Unless otherwise specified in annex B, if no BC-IE parameter needs negotiation it is up to the network if it sends a CALL PROC message (with or without a BC-IE) towards the MS or not.
For multislot, TCH/F14.4, and EDGE operations and in UMTS the MS shall include an appropriate set of the parameters 'fixed network user rate', 'other modem type', 'maximum number of TCH' and 'acceptable channel codings' in the BC-IE of the SETUP message. If EDGE channel coding(s) are included in ACC in case of transparent calls, the 'Wanted air interface user rate'-parameter shall be set to 'Air interface user rate not applicable' and the 'User initiated modification indication'-parameter to 'User initiated modification not requested'. In a non-transparent multislot operation, the MS shall also include the parameters 'wanted air interface user rate' and 'user initiated modification indication' in the BC-IE of the SETUP message. In a non-transparent TCH/F14.4 or EDGE operation or in UMTS the MS shall also include the parameter 'wanted air interface user rate'. In non-transparent EDGE operation the MS shall also include the parameter 'asymmetry preference indication'. It shall also set the other parameters of the BC-IE (i.e. 'user rate') to values identifying fall-back values. Depending on the network two situations can be distinguished:

a)
The network supports the requested operation:

-
in this case the network must include the parameter 'fixed network user rate', 'other modem type' and possibly 'user initiated modification' in the BC-IE(s) of the CALL PROCEEDING message, irrespective whether or not they contain modified values or just a copy of the received ones;
-
the 'acceptable channel codings' indicated by the MS in the SETUP message takes precedence over the 'negotiation of intermediate rate requested' parameter for non-transparent services. The intermediate rate per traffic channel and the user rate per traffic channel is dependent on the chosen channel coding only. The chosen channel coding is indicated to the mobile station by the network with an RR message.

b)
The network does not support the requested operation:

-
in this case, in GSM, the BC-IE of the CALL PROCEEDING message will not contain the parameters fixed network user rate' and 'other modem type' or no BC-IE will be included in the CALL PROCEEDING message at all. The mobile station shall then discard the parameters 'fixed network user rate', 'other modem type', 'maximum number of TCH', 'acceptable channel codings' 'wanted air interface user rate' and 'user initiated modification indication' sent with the SETUP message and apply the fall-back bearer service.

In case a), a single slot configuration shall be used by the MS, in case the 'maximum number of traffic channels' is set to "1 TCH" and the 'user initiated modification indication' is set either to "user initiated modification not requested" or to "user initiated modification up to 1TCH may be requested".

In case b), The MS shall use the fall-back bearer service indicated by the remaining parameters of the BC-IE on a single slot configuration (reference 3GPP TS 04.21).

Finally, in TS 29.007, R99 and Rel-4, the option 'no BC included' is specified both for the  mobile originated and mobile terminated case:

9.4.1
Mobile originated multimedia call

9.4.1.1
Call setup

The setup message sent by the MS contains either a multimedia BC-IE indicating a multimedia only call request (i.e. no fallback to speech allowed) or both a speech BC-IE and a 3.1kHz multimedia BC-IE to indicate the support of a fallback to speech (ref. to TS 27.001 and TS 24.008).

The MSC shall not accept a requested service to which the user has no subscription. On the condition the user has the required subscriptions (i.e. to multimedia and/or speech) the following applies: 

-
in case of a multimedia only BC-IE the MSC may accept the setup as such or with modifications sent to the MS in the call proceeding message (ref. to TS 27.001);

-
in case of both a speech BC-IE and a 3.1kHz multimedia BC-IE the MSC may either accept the possibility of a fallback to speech by responding with two BC-IEs or with no BC-IEs or turn the call to a speech call by sending only a speech BC-IE in the call confirm message or turn the call to a multimedia only call by sending only a multimedia BC-IE in the call confirm message (Ref. to TS 27.001).

…

9.4.2
Mobile terminated multimedia call

9.4.2.1
Call setup

If the user has a subscription to both the multimedia bearer service and the speech teleservice and if the network supports both services and the fallback functionality, the MSC shall send both a multimedia BC-IE and a speech BC-IE in the setup message to the mobile station. If the user has a subscription only to the multimedia bearer service the MSC shall send only a multimedia BC-IE.

In case of both a speech BC-IE and a 3,1 kHz multimedia BC-IE in the setup the mobile station may either accept the possibility of a fallback to speech by responding with two BC-IEs or with no BC-IEs or turn the call to a speech call by sending only a speech BC-IE in the call confirm message or to a multimedia only call (i.e. no fallback to speech allowed) by sending only a multimedia BC-IE in the call confirm message. In case of a multimedia only BC-IE in the setup the MS may accept the setup as such or with modifications sent to the MSC in the call confirm message.

Annex B: Rel-5

With the introduction of SCUDIF in Rel-5, TS 24.008, the option 'no BC included' was permitted for mobile terminating multimedia calls both for the fallback from analogue multimedia to speech and for the fallback from UDI multimedia to speech and service change:

5.3.6.2.2
Mobile terminating multimedia call 

At call setup the required call type, 3G-324M, is indicated by the network in the SETUP message, with the bearer capability IE parameter. Other Rate Adaptation set to 'H.223 and H.245'. ITC is either '3,1 kHz audio ex PLMN' or 'UDI/RDI'.

For analogue multimedia, if the network supports fallback to speech and the subscriber has subscription to speech, two bearer capability IEs, multimedia first and speech as the second BC are included in the SETUP message. The network shall indicate fallback to speech by these two BC IEs and the associated Repeat Indicator set to "support of fallback".

For UDI/RDI multimedia, if the network supports fallback and service change, and the subscriber has subscription to speech, two bearer capability IEs, with the first BC as the preferred service are included in the SETUP message. The network shall indicate service change and fallback by these two BC IEs and the associated Repeat Indicator set to "service change and fallback".

The bearer capability IE(s) may (in the case of the single numbering scheme) be missing from the SETUP message.

The bearer compatibility checking in the MS is according to 5.3.4.2.2.

The MS shall indicate the supported call type(s) in the CALL CONFIRMED message, which is the acknowledgement to SETUP. The MS has following options for the inclusion of bearer capability IE in the CALL CONFIRMED message:

-
if the MS/user accepts the offered multimedia call, and supports fallback (analogue) or service change (UDI/RDI), none or both multimedia and speech bearer capability IEs shall be included. In the case of UDI/RDI, the order of the BC IEs determines the preferred service;

-
if the MS/user accepts the offered multimedia call, but does not support fallback or service change, only a multimedia bearer capability IE shall be included;
-
if the MS/user wishes a speech (only) call a speech bearer capability IE is included;

-
if the MS/user accepts the offered speech call in case of a UDI/RDI multimedia call, and supports service change, none or both speech and multimedia bearer capability IEs shall be included. The order of the BC IEs determines the preferred service.

For the mobile originated multimedia call (5.3.5.2.1) the network options for the inclusion of the bearer capability IEs in the CALL PROCEEDING message are still not specified in detail.
The general requirements for the inclusion of bearer capability 1 and bearer capability 2 in the Call Confirmed message (9.3.2.2) and in the Call Proceeding message (9.3.2.2), however, are still the same as in R99/Rel-4, i.e. both bearer capabilities have to be included for a multimedia call. In other words, TS 24.008, Rel-5, is inconsistent.

In the Rel-5 versions of TS 27.001, TS 29.007, and TS 23.172 (SCUDIF stage 2), the option 'no BC included' is allowed for the mobile originated and mobile terminated case, both for analogue and UDI multimedia calls.

