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1.Introduction
1.1 General concepts for this solution

In Release 11, quite a lot of discussions have taken place on how to format the messages for T5 device triggering. One outstanding debate was on how to bind the T5 device triggering with small data transmission so to reduce the protocols supported in the UE and system and as a result reduce the system complexity. 

Currently control plane based service data exchange is used in 3GPP system, such as in the case of LCS. The foundations of this control plane service data exchange mechanism can be used to support small data transmission, device triggering and MTC Monitoring event reporting.

The following figure shows how the different kinds of features are combined together. 
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Figure 1. Control plane solution to support SDDTE and MONTE
Between the UE and MME, a NAS message can be used to carry types of service data, such as messages for small data transmission, messages for device triggering, and messages for MTC event reporting. For E-UTRAN the generic NAS transport message (i.e. UPLINK_GENERIC_NAS_TRANSPORT /  DOWNLINK_GENERIC_NAS_TRANSPORT) can be enhanced to support this functionality, with the well defined NAS container type, such as “SDT(small data transmission)” / “DT(device triggering)” / “MON(MTC Monitoring)”. For UTRAN, GMM_INFORMATION procedure can be considered to be enhanced to support this.
A newly defined T5 message can be used to carry the small data between the MME and MTC-IWF. T5 association (between the MME and MTC-IWF) is established at the time when the MME receives the uplink small data transmission, or when the MTC-IWF receives the downlink small data transmission. A pre-established T5 association may be established during Attach procedure for the UE which supports small data transmission. For seting up T5 association, the SGSN/MME obtains the MTC-IWF address from e.g. UE subscription / local configuration / roaming agreement, and the MTC-IWF gets the MME address from HSS interrogation. 
Similar to the SLs protocol used by E-SMLC to communicate with the MME (described in TS 29.171 SLs specification) for LCS services, an SDT-AP protocol can be defined for the communication between MTC-IWF and SGSN/MME.
The APP protocol is the application layer protocol for MTC equivalent to LPP/LPPa in LCS and can be transparent to MME/SGSN/MSC. The SDT-AP can potentially provide both connection oriented but also connectionless communication (similar to LCS) between the UE and MTC-IWF that can relay messages to/from MTC Server.
Following figure illustrates the protocol stack for T5 reference point.
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Figure 1 Protocol stack for T5 interface
The MTC-IWF collects the messages for small data, device trigger and MTC event report, and dispatches the message to remote receiver. Tsp interface is used for the service data exchange between SCS and MTC-IWF.
1.2 Enhancements to radio/U-plane resource control
Further enhancements to this solution can be considered to reduce the resources allocated due to transmission of service data over user plane, such as PDP/PDN resources, DRB bearer (Data Radio Bearer), etc.
Carrying small volume of service data in signalling (e.g. NAS/T5/Tsp message) is an efficient way which can reduce the allocation of U-plane resources and radio resources. For the CN side, there is no need to allocate resources for PDN/PDP context connection and no need to restore U-plane bearer context (e.g. S1-U bearer), since the small data goes through NAS signalling using the generic NAS transport messages. For the RAN side, future enhancement can be taken to avoid establishing DRB (Data Radio Bearer), and if applicable the small data can use SRB (Signalling Radio Bearer) 1 or 2. Based on the proposal of TR 23.888 section 6.53 the UE is supposed to use SRB-1 but depending on the message it may also use SRB-2.
1.3 Benefits compared to using SMS format
Comparing to the solution using SMS format on the air, the benefits of this generic NAS format solution are as below:
· This solution can be easily deployed in those LTE network which only provides PS services, i.e. no any infrastructure for SMS, such as supporting of SMSoSGs or SMS in MME.
· This solution is easily adopted by those low cost UEs which have no SMS capability, such as no support of CSFB or SMSoSGs, e.g. data centric UEs.
· It is possible for the serving node to control the resource allocation for the prioritized message transmission, such as priority device trigger.

· The SMS has a length limitation of 140 characters which may not suit the service requirement of “small data”. There is no such limitation on the generic NAS format the message size can exceed 140 characters without need for concatenation and as a result achieve higher efficiency. 
· The SMS protocol is widely deployed, and any changes to the existing SMS mechanism may cause backward compatibility issues. While the generic NAS format will not have this problem since it is a “clean start”.

· In addition, generic NAS format is considered easier to carry small IP packet than SMS, since it is not proper and simple to segment small IP packet whose size beyond the SMS limitation 

· The SMS protocol is heavily designed, including multiple layers wrapping such as RP-DATA in CP-DATA. The generic NAS format can be designed as light as possible such as LCS protocol, and this would increase the processing efficiency.

2. Proposal

It is proposed to discuss the solution and approve it to the MTCe TR 23.887 under the SDDTE building block.
******************************* Start of changes *************************************

5.1.1.3
Solutions

5.1.1.3.X
Solution : Support Small Data Transmission with T5/Tsp and generic NAS transport

5.1.1.3.X.1
General
Carrying small volume of service data in signalling (e.g. NAS/T5/Tsp message) is an efficient way which can reduce the allocation of U-plane resources and radio resources. For the CN side, there is no need to allocate resources for PDN/PDP context connection and no need to restore some U-plane bearer context (e.g. S1-U bearer), since the small data goes through NAS signalling using the generic NAS transport messages. For the RAN side, future enhancement can be taken to avoid establishing DRB (Data Radio Bearer), and if applicable the small data can use the SRB (Signalling Radio Bearer). 
Editor’s Note: How the “generic NAS transport” message is transmitted in AS is FFS. It can either use SRB 1 (as proposed in TR 23.888 section 6.53), SRB 2 (same as SMS uses today) or DRB.
A well-defined container / protocol for small data transmission (e.g., named SDT-AP protocol) is used to carry small data sent from/to the UE. The SDT-AP protocol runs between the UE and MTC-IWF. Any service data exchange between UE and SCS shall go through the MTC-IWF. 

When transferring between the UE and the MME/SGSN, the SDT-AP PDU is encapsulated in a Generic NAS PDU, with the protocol type set to “SDT (Small Data Tramsission)”. In E-UTRAN, Generic NAS Transport message can be used to carry small volume of service data (e.g. MTC specific small data). Similar mechanism can be defined for UTRAN. 

When transferring between the MME/SGSN and MTC-IWF, the SDT-AP PDU is encapsulated in T5 message. T5 association is established at the time when the MME receives the uplink small data transmission, or when the MTC-IWF receives the downlink small data transmission. Also the T5 association can be pre-established during the Attach procedure for the UE which supports small data transmission. The MME/SGSN obtains the MTC-IWF address from UE subscription / local configuration / roaming agreement, to sets up the T5 association. The MTC-IWF retrieves the serving node address if needed to set up the T5 association.

The header of SDT-AP PDU identifies the “SENDER” and the “RECEIVER” of the PDU. For MO case the sender is the UE (UE internal ID e.g., IMSI) and the receiver is the SCS, and vice versa. On receiving SDT-AP PDU, the MTC-IWF finds the SCS as indicated by the “RECEIVER” field in the SDT-AP PDU, and then forwards the SDT-AP PDU to that SCS over Tsp interface.

5.1.1.3.X.2
Procedure flows

Uplink MTC data transmission:

The figure below illustrates the uplink small data transmission through control plane channel on T5 and Tsp.
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Figure 5.1.1.3.x.2-1: uplink small data transmission procedure
Step 1. The UE encapsulates SDT-AP PDU into UPLINK_GENERIC_NAS_TRANSPORT message, and sends it to the SGSN/MME. Protocol type of NAS PDU is set to “SDT”. 

The SDT-AP PDU includes SDT header and SDT data. Within the SDT header, the UE fills the “SENDER” field with its MSISDN or External ID and places SCS ID in the “RECEIVER” field.

NOTE 1: For 2G/3G access, a similar mechanism can be defined. Or an existing GMM message may be extended to carry SDT-AP PDU.
Step 2. On receiving the UPLINK_GENERIC_NAS_TRANSPORT, the SGSN/MME recognizes the “SDT” protocol type and finds the appropriate MTC-IWF. The SGSN/MME then sends SDT-AP PDU to the MTC-IWF over T5 interface.

The SGSN/MME finds the MTC-IWF according to UE subscription / local configuration / roaming agreement. The T5 association maybe established during the attach procedure if a default MTC-IWF is included in the UE subscription and the UE is indicated to have the requirement of small data transmission.

Setp 3. On receiving the NAS message containing the SDT-AP PDU, the MTC-IWF finds the SCS from the ‘RECEIVER’ field in the SDT-AP header, and forwards the SDT-AP PDU to the SCS. If 

NOTE 2: The MTC-IWF replaces the UE Internal ID (e.g., IMSI) to UE External ID e.g, the ID used to identity the UE at the service layer.
Step 4. On receiving uplink SDT data, the SCS returns appropriate response message.

Step 5. MTC-IWF returns appropriate response message to the SGSN/MME.

Step 6. The SGSN/MME encapsulates the response from SCS in DOWNLINK_GENERIC_NAS_TRANSPORT message, and sends it back to the UE.

Downlink MTC data transmission:

The figure below illustrates the downlink MTC data transmission through control plane data exchange.
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Figure 5.1.1.3.x.2-2: downlink small data transmission procedure
Step 1. The SCS sends downlink small data to the MTC-IWF. The SCS identifies the UE by its External Identifier.
Step 2. On receiving downlink small data from the SCS, the MTC-IWF first interrogates HSS for routing information (i.e. serving SGSN/MME address) if T5 association is not established. The IMSI of the UE is also retrieved for the purpose of indicating the SGSN/MME to find correct UE.
Step 3. The MTC-IWF encapsulates small data in SDT-AP PDU, and sends SDT-AP PDU to the serving SGSN/MME over T5 interface. The IMSI of the UE is included in T5 message to indicate the correct UE.

Step 4. The SGSN/MME encapsulates SDT-AP PDU into DOWNLINK_GENERIC_NAS_TRANSPORT message, and sends it to the UE.

NOTE 3: For 2G/3G access, a similar mechanism can be defined. Or existing GMM message may be extended to carry SDT-AP PDU.
5.1.1.3.X.3
Protocol Stack for T5 interface
Similar to the SLs protocol used by E-SMLC to communicate with the MME (described in TS 29.171 SLs specification) for LCS services, an SDT-AP protocol can be defined for the communication between MTC-IWF and SGSN/MME. 

The APP protocol is the application layer protocol for MTC equivalent to LPP/LPPa in LCS and can be transparent to MME/SGSN/MSC. The SDT-AP can potentially provide both connection oriented but also connectionless communication (similar to LCS) between the UE and MTC-IWF that can relay messages to/from MTC Server.

Following figure illustrates the protocol stack for T5 reference point.
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Figure 1 Protocol stack for T5 interface

5.1.1.3.X.4
Impacts on existing nodes and functionality
Impacts to UE:

· Support SDT-AP PDU and implement SDT-AP PDU encapsulation/decapsulation in/from the NAS signalling messages.

· Support of UE capability for small data transmission in UE/MS Network Capability
Impacts to SGSN/MME:

· Support the SDT-AP PDU and implement SDT-AP PDU encapsulation/decapsulation in/from the NAS signalling messages.

· Identify the MTC-IWF and implement T5 interface with the MTC-IWF.

· Support transfer of SDT-AP PDU from/to the MTC-IWF over T5 interface.
Impacts to MTC-IWF

· Implement T5 interface with the SGSN/MME.

· Identify the SGSN/MME for forwarding the SDT-AP PDU over T5 signalling messages.
· Support transfer of MTC data/MTC-AP PDU from/to the MTC Server.
· Mapping of UE internal identifier to external identifier.
5.1.1.3.X.4
Solution evaluation
******************************** End of changes *************************************
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