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Introduction
This document compares the characteristics of the INVITE based solution with the MESSAGE based solution and summarizes them. It is hoped that this would be useful in determining the relative merits of the two candidates.

It is to be noted that both INVITE and MESSAGE based solutions are technically capable of addressing the requirement of supporting setting up, exchanging data and tearing down a mobile initiated USSD session. Thus, this contribution only looks at the implementation complexity.

Salient features of the two solutions

USSD over CS domain has been in operation in the field for a number of years. Thus, the implementation of USSD in the UE is very mature. Thus, it would be beneficial if this existing implementation that uses NAS messages (REGISTER, FACILITY and RELEASE COMPLETE) can be leveraged with minimal changes to work when IMS is used as transport. 

With the INVITE based solution, we visualize that the REGISTER message would be carried in SIP INVITE, the FACILITY message will be carried in SIP INFO and the RELEASE COMPLETE will be carried in SIP BYE.

With MESSAGE based solution, all the USSD messages will be carried in SIP MESSAGE.

Since MESSAGE based solution is not session based, for this solution to work, the entire REGISTER, FACILITY, and RELEASE COMPLETE messages will be transported by the SIP MESSAGE.

With INVITE based solution, we have two possibilities:

1. the entire REGISTER, FACILITY and RELEASE COMPLETE message is carried in the appropriate SIP message

2. the entire REGISTER, FACILITY and RELEASE COMPLETE message is not carried in the appropriate SIP message, but only the relevant part of the payload of these messages are carried. (e.g. the INVOKE component alone is carried in the SIP message ) 
Interoperability with CS domain USSD implementation

To minimize disruption of the existing implementations, it would be preferable if the entire USSD message is carried in the appropriate SIP message, rather than only the relevant parts of the USSD message.

SIP protocol usage

SIP MESSAGE method from a SIP perspective is the most appropriate mechanism to use for transporting application specific data like USSD. The other solution which uses INVITE, INFO and BYE methods to transport the USSD data is in our view inappropriate  (that unsurprisingly given the uconventional useage of these methods causes other problems that are detailed below . INVITE and BYE methods were never intended to be used to transport application level data but are used for establishing and terminating media sessions respectively.

Support of multi-part MIME

Even though the support of multi-part MIME body has been required for some scenarios in 3GPP, this is still not essential for basic scenarios (e.g. SMS over IMS, VoLTE) so far. However, with INVITE based solution, multi-part MIME body is required to be supported in SIP INVITE. This leads to complexity of implementation that is avoidable.

The MESSAGE based solution does not have this drawback as the only body of a SIP MESSAGE is the USSD message.

Support of dummy SDP

The use of INVITE and BYE methods for conveying USSD is a problem since in the proposal no media session is ever intended to be established. This as CT3 has indicated causes unnecessary traffic between P-CSCF and PCC when roaming in networks with current PCC implementations (PCC expects media bearers to be reserved and authorised) and requires enhancement of PCC to avoid this (and so will still be an issue when roaming in release 5,6,7,8,9, and 10 networks). It also may causes issues with charging since the charging system expects a call to be established and also this may be logged in network statistics as a failed call since no media bearer is ever established. We also think this misuse of INVITE without media may cause terminal implementations problems as SIP stacks expect to establish media and reserve resources, indicate support for preconditions eas well as xercise all the rest of the SIP session state machinery, when SIP INVITE is sent. Having a completely novel use of INVITE state machinery for USSD may add high complexity when SIP MESSAGE method usage similar to that already defined for SMS over IP is fairly trivial

SMS over IMS is likely to be the first IMS application that is deployed in the field and it does not require the support of SDP. Given that CSFB is the initial plan for support of voice over LTE, there is no need for immediate support of SDP negotiation. If USSD support requires the use of SIP INVITE, then there will be additional development/testing needed to ensure that the SDP negotiation does not break any existing functionality.
The MESSAGE based mechanism does not have this drawback and thus simplifies both development and testing.

Mapping of USSD messages to SIP messages
Proponents of the INVITE, INFO, BYE approach claim that USSD needs a dialog but a USSD dialog and a SIP dialog are not the same thing and the proponents of the SIP MESSAGE method solution have shown how using the Reply-To, and In-Reply-To headers the associations needed between different SIP Message Requests can be maintained in order to maintain a USSD dialog for the small number of times that may be needed (most USSD transactions are SEND USSD DATA followed by ACK USSD DATA).

With the INVITE based mechanism, the USSD session state needs to mirror the IMS dialog state. To ensure this, the mapping above between the USSD message and the SIP message needs to be formalized, as we do not want a situation to arise where the RELEASE COMPLETE is carried in a SIP INFO message rather than a SIP BYE message, as this would lead to USSD session being terminated, but the SIP dialog still being alive. This creates a very tight coupling between the USSD state machine and the SIP/IMS state machine.
The MESSAGE based solution does not establish a SIP dialog and hence does not suffer from this drawback.
Support of SIP INFO message
No features in IMS currently require the use of INFO message by the UE. As the INVITE proposal relies on the use of SIP INFO to carry the USSD messages, this also results in additional development/testing complexities for UE implementations. 
The MESSAGE based solution does not suffer from this drawback.

Support of body in SIP BYE 
Even though permitted by SIP, the current 3GPP specifications do not specify a body that can be included in a SIP BYE message. With the INVITE based mechanism, an additional requirement to support bodies in BYE will be introduced in IMS specifications, again resulting in additional implementation and testing.

The MESSAGE based solution does not suffer from this drawback.

Forking

When a USSD transaction consists of more than two messages and these messages are not exchanged within a SIP dialog, it is possible that two messages from the network may be forked by the IM CN subsystem and delivered to UEs that are not the originator of the USSD transaction. These unintended recipients can be divided into two broad categories: those that understand the new MIME type and those that do not. A UE that does not understand the new MIME body will examine the MIME type and reply back with 415 response. A UE that does understand the new MIME body will also examine the In-Reply-To header and will ignore the received message if the UE does not recognize the value of this header field.

It must be noted that GRUU is not needed for the MESSAGE solution to handle forking as the sip.instance media feature tag  in the Accept_Contact header field can be used instead to ensure SIP MESSAGE requests from the AS are routed to the correct UE.
Simplicity of implementation

Using SIP MESSAGE method is very much aligned with SMS over IP where SIP MESSAGE is also used to transport application data. The transmit data and acknowledgement mechanism is similar to SMS over IP and charging can be triggered similarly based on MIME type in the body of the SIP MESSAGE request. Similarly since it is conceptually similar to SMS over IP usage we believe this simplifies the UE implementation (it looks just like SMS over IP to the SIP stack except the MIME body is different).

Efficiency

SIP MESSAGE is more efficient. For SEND USSD DATA followed by ACK USSD DATA, the MESSAGE based proposal requires just two SIP MESSAGE requests and two  200 OK responses (four messages total) but the INVITE based solution requires five messages (INVITE, 200 OK, ACK, BYE, 200 OK). If additional USSD transactions take place then SIP MESSAGE solution still beats the INVITE based solution by one less message.

Conclusions
The MESSAGE based solution leverages the work already done for SMS over IP, is simpler for UE implementation, is fully compatible with existing IMS networks and doesn’t create unnecessary signalling traffic,  is more efficient in terms of SIP signalling load on the network  and is seen as reusing the existing mechanisms that are already tested.

