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Introduction
At the last SA2 meeting it was discussed that the “small data transmission” optimisation work can take two different directions: 

· A. Solution to improve small data transmission as a special 3GPP defined “teleservice” similar to or evolution of SMS.

· B. Improving the IP packet delivery method to fulfil the requirement of small data transmission.
these two different approaches were captured in TR23.887, with the following editor’s note:

Editor’s Note: It's FFS if Small Data Transmission is a new standalone small data service or if it provides "small data" optimisations for IP based applications.
In paper S2-12xxyy ZTE proposed a small data transmission solution, which aims to exchange service data in well defined protocol message (such as LCS-AP) which is encapsulated in generic NAS transport message (over the air) / T5 and Tsp message. This solution requires the well defined application layer protocol to exchange the small data (app message), and may require an application layer (e.g. SCS) to be defined. Given that the application layer format will be defined by 3GPP and extend to the SCS this would consist a standalone small data service.
Approach B is aimed to improve the delivery procedure (e.g. how to reduce the frequent user plane resource allocation / release) of a generic IP packet destined to or originated from an external PDN (e.g. the Internet) and was not discussed sufficiently during the study phase of rel.11. This solution will not require any changes to the application layer entity (e.g. SCS)
Actually, approaches A and B can be considered complimentary. Combining approach A and B can get lots of benefits, such as not change the SCS but can still get the advantage approach A.
Based on the above consideration, this paper proposes a way to combine the approaches A and B in a single architecture option, i.e. carrying small IP packet in signalling message deliver it to GGSN/PGW for uplink small IP packet transmission, and vice versa for downlink case.
The figure below shows the architecture enhancement to support carrying small IP packet in signalling message and deliver it to between UE and GGSN/PGW.
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Figure 1. Architecture enhancement to carry small IP packet in signaling message
A new interface T6 is be defined connecting the MTC-IWF and GGSN/PGW to support this solution. 
In uplink the small IP packet is carried in a generic NAS transport message (see S2-12xxyy), T5 and T6 message then delivered to the GGSN/PGW and finally is sent directly to the remote IP destination. 
In downlink the small IP packed is received by the GGSN/PGW and if meets the filter criteria for small data transmission the GGSN/PGW decides to sent it through T6 interface. The UE gets the small IP packet from the downlink generic NAS transport message.
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Figure 1: Determination of delivery of small IP packet over T6

The T5/T6 association can be established during the PDP context PDN connection activation procedure. The SGSN/MME obtains the MTC-IWF address through e.g. it can be part of UE subscription data, and delivers it to the GGSN/PGW when activating PDP context / PDN connection. Whether T6 or S5/S8/Gn/Gp is used from the perspective of GGSN/PGW can be controlled from DL packet filters that decide whether the DL packet is “small enough” to be using the T6 interface. These filters can be installed at the activation of default bearer.
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Figure 2: Uplink small IP packet transmission procedure
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Figure 3: Downlink small IP packet transmission procedure
Proposal

1. Approve the following principles to be captured as architecture requirements in TR 23.887
- Small data transmission optimisations “over the air” aim to both delivery of a standalone small data service (as evolution of SMS) and generic IP packets of restricted size
-Necessary system enhancements will be undertaken in order to allow transmission of small data packets both as standalone small data service and generic IP packets
2. It is proposed to discuss the solution and approve it for TR 23.887 under the SDDTE building block.
******************************* Start of changes *************************************

5.1.1.3
Solutions

5.1.1.3.X
Solution : Transmission of small IP packet in NAS/T5 message

5.1.1.3.X.1
General
Small size IP packets can be exchanged between PGW and the UE without following the “normal” transport EPS bearers. One way proposed in this solution is that the small IP packet is exchanged between UE and GGSN/PGW via SGSN/MME passing through the MTC-IWF using signalling messages.
In more detail the path is to use a generic NAS transport message (from UE to SGSN/MME) and then T5 message (from SGSN/MME to MTC IWF) and then a (new) T6 message (from MTC IWF to GGSN/PGW).

The benefits to transporting the small IP packet using this path is: (a) for the CN side, there is no need to exchange signalling between SGW and PGW and allocate certain resources for user plane (e.g. S1-U bearer), since the small data goes through a new interface to MTC IWF and generic NAS transport messages from SGSN/MME to UE; (b) for the RAN side, future enhancement can be taken to avoid establishing DRB (Data Radio Bearer), and if applicable the small IP packed can use the SRB (Signalling Radio Bearer); (c) for the application side, the SCS does not care which method will be used to send small IP packet.

The figure below shows the architecture enhancement to support carrying small IP packet in signalling message. The main change is the new interface T6, which connects MTC-IWF and SGSN/PGW for small IP packet exchange.
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Figure 5.1.1.3.x.1-1: Architecture enhancement to carry small IP packet in signalling message
When transferring small IP packet between the UE and the MME, the generic NAS transport message (i.e. UPLINK/DOWNLINK_GENERIC_NAS_TRANSPORT) can be used, with the protocol type set to “IPoNAS (IP packet over NAS)”. Similar mechanism can be defined for UTRAN/GERAN.
The SGSN/MME obtains the address of MTC-IWF from e.g. UE subscription, and triggers the T5 / T6 association establishment. When requesting the GGSN/PGW to active PDP context / PDN connection, the SGSN/MME sends the MTC-IWF address to the GGSN/PGW. The GGSN/PGW then establishes the T6 association for later small IP packet transferring. 

Through the PDP context / PDN connection activation procedure, the SGSN/MME also indicates the definition of small IP packet and whether to the delivery of small IP packet is supported, e.g. by indication of a flag to the PGW and UE. Based on the instructions the UE/PGW can determine whether this is a small IP packet and whether to select the signalling message channel to deliver the small IP packet.
5.1.1.3.X.2
Procedure flows

The procedures include: (a) determine delivery of small IP packet over signalling message; (b) uplink small IP packet transmission; (c) downlink small IP packet transmission.
Determination of delivery of small IP packet over signalling message:
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Figure 5.1.1.3.x.2-1: Determine delivery of small IP packet over signalling message
Step 1. The UE initiates Attach procedure. 

Step 2. The SGSN/MME sends Update Location request to HSS.

Setp 3. The HSS sends back Update Location Ack to the SGSN/MME, together with the UE subscription. 

In the UE subscription data, a default MTC-IWF is configured to serve the UE. The UE subscription also indicates whether the UE can use the IPoNAS (deliver small IP Packet over NAS) method to transfer the small IP packet.
On receiving the UE subscription, the SGSN/MME determines to use IPoNAS method for this UE. The determination is based on UE capability, NW capability, and UE subscription.

Step 4. The SGSN/MME sends Create PDP Context request /Create Session Request to GGSN/PGW, with the IPoNAS indication, to activate PDP context / PDN connection. Within the message, the MTC-IWF address is included to instruct the GGSN/PGW to establish the T6 association. The SGSN/MME may optionally give an definition of size of small IP packed to the GGSN/PGW.

Alternatively, the IPoNAS indication may be included in the bearer establishment message and this can trigger the application of a special TFT as pre-defined TFT in P-GW/GGSN or dynamic from PCRF. The definition of size of small IP packet may be included in this TFT.
Step 5. The GGSN/PGW establishes T6 association with the MTC-IWF indicated by the SGSN/MME.

Step 6. The GGSN/PGW responds to SGSN/MME with success of PDP context / PDN connection activation.

Step 7. The SGSN/MME sends Attach Ack to the UE. A TFT is also returned when the default PDP context / EPS bearer is established. 

Uplink small IP packet transmission:

The figure below illustrates the procedure of uplink small IP packet transmission.
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Figure 5.1.1.3.x.2-1: uplink small IP packet transmission procedure
Step 1. The UE encapsulates small IP packet into UPLINK_GENERIC_NAS_TRANSPORT message, and sends it to the SGSN/MME. The Protocol type of NAS PDU is set to “IPoNAS”.

The UE determines to use the IPoNAS method based on whether the IP packet size is less than pre-defined small IP packet size, the previous indication from SGSN/MME that the IPoNAS method can be used. 

If the UE is in IDLE status, appropriate RRC connection establishment cause / Service Request indication (e.g. IPoNAS) can be used to tell the RAN/CN to reduce the resources for user plane. Upon receiving the indication, the MME will inform the eNodeB not to allocate user plane resources such as DRB and S1-U bearers.
Step 2. On receiving the UPLINK_GENERIC_NAS_TRANSPORT, the SGSN/MME recognizes the “small IP packet” in carried, and picks up the small IP packet and forwards it to the MTC-IWF over T5 interface message. 

Setp 3. On receiving the T5 message containing the small IP packet, the MTC-IWF picks up the small IP packet and sends it to the PGW through previously established T6 association.

Step 4. The GGSN/PGW gets the small IP packet and sends directly out to the remote side.

Step 5~7. Appropriate response messages are returned.

Downlink small IP packet 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.2-3: downlink small IP packet transmission procedure
Step 1. The SCS sends downlink small IP packet to the GGSN/PGW. 

Step 2. On recognizing this is a downlink small IP packet, and based on the IPoNAS indication and the T6 association, the GGSN/PGW determines sends the small IP packet to the MTC-IWF over T6 interface.

Step 3. The MTC-IWF picks up the small IP packet and forwards it to SGSN/MME over T5 message. The MTC-IWF may not have the SGSN/MME address due to no T5 association, it first interrogates HSS to get the SGSN/MME address.

Step 4. On receiving the T5 message carrying the small IP packet, the SGSN/MME picks up the small IP packet and encapsulate it into DOWNLINK_GENERIC_NAS_TRANSPORT message, and sends it to the UE.

If the UE is in IDLE status, the SGSN/MME pages the UE first. Appropriate indication (e.g. IPoNAS) may be included to avoid the subsequent resource allocation for user plane, such as S1-U bearer and DRB.

Step 5~7. Appropriate response message are returned.

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

· Supports of UE capability for small IP packet transmission in UE/MS Network Capability

· Determines whether UL packet uses the NAS small data service.
Impacts to SGSN/MME:

· Support encapsulation/decapsulation small IP packet in/from NAS signalling message / T5 message.

· Identifies the MTC-IWF and implement T5 interface with the MTC-IWF.
· Indicates the MTC-IWF address to the GGSN/PGW, and instruct the GGSN/PGW to establish association with the MTC-IWF.

· Indicates the definition of small IP packet size, the use of carrying small IP packet in signalling message to GGSN/PGW.

· Indicates the GGSN/PGW whether the UE supports small data mechanism.

Impacts to MTC-IWF

· Implements T5 interface with the SGSN/MME.

· Identifies the SGSN/MME for forwarding the small IP packet over T5 signalling messages.
· Supports transfer of small IP packet from/to the GGSN/PGW.
Impacts to GGSN/PGW
· Determines whether T6 or S5/S8/Gn/Gp messages are used for DL transmission

5.1.1.3.X.4
Solution evaluation
******************************** End of changes *************************************
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