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1 Introduction
In SA4#23 Meeting held in Montreal, we had proposed a new application where a small amount of data (such as short messages) can be carried with the voice, namely, Voice Band Imbedded Data (VBID)[1]. That preliminary study focuses on adding an option feature in the existing AMR-WB codec. In the following article, we will propose a continuation-in-part technique that allows it applicable over the existing 3GPP network. This technique can be achieved through the transmitted IE during the call setup and would not change the existing network signaling procedure. 

We notice that a real time text information service is one of the demands of 3GPP system as defined in Global Text Telephony [2] in release 5. Currently, this service can be achieved by using either Multimedia Service [3] or Cellular Text Telephone Modem (CTM) [4]. However, CTM cannot transmit the voice and text information simultaneously, while multimedia service requires special service support. Our proposed idea, on the other hand, could simply make it possible to transmit the text information with the voice data at the same time. As a consequence, this solution could be another option in real time text transmission. 

2 Briefly review of transmission data over AMR-WB with FGS
Real time, character by character text interaction is a component that increases usability in a conversational session and this feature has been added as part of the 3GPP specification. However, CTM can only allow the user to transmit text information and voice data alternately. The procedure that mentioned in the previous work [1] proposed another way to solve this problem. 

In this work, non-voice data can to be sent within the speech frames, it is expected that some of the bandwidth originally allocated for voice transmission be assigned to the imbedded data. In terms of the speech coding, it is equivalent to saying that when data is embedded in the voice band, the bit rate of the speech bit stream has to be sacrificed. The problem now is how to find a balance point between the advantages of sending data with voice and keeping the best speech quality. The best solution would be to closely match the imbedded data rate to the amount of speech bit rate being sacrificed. For this purpose, the up-to-3.2k bit rate gap of the AMR-WB modes would be too big. As a consequence, inserting some sub-modes between the existing modes can be one of the most efficient ways in bandwidth usage. And this phenomenon can be achieved by little modifying to the coding/decoding procedure in original AMR-WB codec. 

3 Voice Band Imbedded Data over 3GPP Network 
In the previous work, we only mentioned the procedure in modifying the AMR-WB codec for transmitting non-voice data within voice band efficiently. In this section, we propose a scenario related to the existing 3GPP network and add the option over the existing control message. By doing so, VBID application is not only a codec issue but can be realized in existing network.

3.1 Voice Data Connection Signaling Procedure

In this sub-section, we model each system wide procedure as a kind of transaction. This concept [5] underlines the fact that the system wide procedures are well defined in subsequent procedures. Fig.1 shows that the network transaction can be divided into the following steps, and each procedure may contain certain messages to establish the connection for the requested service. Take “Authentication and Security Control” as an example, the UE and the network should authenticate each other by sending the “authentication request” message in the payload of RANAP. 
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Fig. 1 Basic Model of UMTS network transaction.

By following this concept, we can roughly represent a signaling diagram between UE and corresponding core network while we request a circuit switch voice conversation service. As can be seen in Fig. 2, the non-access stratum of UE would initiate a SETUP message with a support_codec_list IE [6]. This IE informs the network the ability of the UE in coding/decoding the voice data. To achieve this goal, this message would be passed to the lower layer (RRC), and the RRC pass this message by using the NAS_message IE in Direct Transform message [7]. Since the network receives the NAS message through the RRC connection, network has the candidates of the “can be used voice codec in UE” to choose a proper one in compressing voice data. This choice would be transmitted back to UE by using the NAS_synchonization_indicator in Radio Bearer Setup message. As a consequence, both sides of the connection would use the same type of the voice codec. Then, the bit rate (coding mode) would be decided by available resource at current instant and transmitting via transport format configurations. No matter what kind of voice codec is chosen, the signaling procedure would share the same methodology in voice data connection. On the contrary, if we request the CTM service, the bearer_capability IE in SETUP message would inform the network that the following procedure should adapt to transmit text information.  
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Fig. 2 Voice Service Signaling Procedure

3.2 Proposed Scenario to Achieve VBID 

Since we want to imbed some non-voice data in the speech frame without altering defined AMR-WB bit rate and transmission methodology, we should maintain the AMR-WB voice service configuration over the existing network. To achieve this, we simply make an addition on the existing codec type (CoID) [8] as shown in Fig. 3. By doing so, the UE and the Network would aware that the speech frame no longer be a simple voice data but embedded some side information. And this would not affect the other existing configuration.
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Fig. 3 Existing Codec Type (CoID) and additional codec type.

As we can see, the CoID table has two spare fields that are not used in the current specification. Assigning one of the fields with “VBID AMR-WB ” service offers the user or service provider an option but the existing 3GPP network will not be affecyed. Specifically, the signaling procedure of this service would be identical to the normal voice service. Once the user makes a phone call with text data embedded service, the NAS of the UE would also transmit the support_codec_list to the network as mentioned above except it contains the “0x0E ” indicator. The following procedure of the VBID service would just be like the original voice procedure does. The network would be aware of the VBID service from the support_codec_list IE in its NAS, then, transmit the NAS_synchonazation IE with 0x0E to UE if this service is approved. All of the other controlled messages or interlayer information would follow the AMR-WB procedure because we pretend to transmit VBID data via AMR-WB voice procedure. The difference of AMR-WB and VBID information would handle in the application layer. In other words, the text and speech information is multiplexed in the higher layer and this does not affect the other existing signaling procedure. 

3.3    Comparison between VBID and CTM


After we introduce the proposed scenario in configuring the support_code_list to achieve VBID application, we would like to demonstrate a short comparison between the existing CTM and proposed VBID as following.


Voice Band Imbedded Data (VBID)
Cellular Text Telephone Modem (CTM)

Application Field
Transmitting text information and Voice simultaneously.
Transmitting text information and Voice alternatively.

Coding Paths
Coding voice and text information independently.
Coding the text information through the voice-coding path.

Bearer_ Capability in SETUP 
No modification is required in existing AMR-WB transmission.
Shall be included by a UE supporting CTM text telephony to inform Network.

Support_ Codec_List in SETUP
An additional candidate is included in the available column and chooses it as index.
Use the existing CoID and also need one of them to modulate the text information..

Controlling
Procedure
Through the normal speech control signaling procedure
CTM marks active in BC plus speech control signaling procedure

Transmission

Path
Through the existing speech com- munication paths
Through the existing speech com- munication paths

Text Correction
With no specific error protection methodology for text information.
With specified error protection methodology for text information.

Bit Rate/

Quality
Degrade the speech quality while the amount of text information is large
Continuity is very sensitive to the amount of text information.

Codec Complexity
No additional codec is required except little modification.
An additional Cellular Text telephone Modem (CTM) is required.

4 Conclusion 

In this article, we propose a way to implement the VBID service mentioned in SA4#23. By doing so, we could transmit the text information together with the voice information in certain applications, which do not require high text reliability. Most importantly, this service is only an option for user and service provider. All the existing codec and network signalling/configuration would not be affected by this service. And there is only a simply work that we need to apply in current specification. 
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