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Abstract of the contribution: 
In this contribution a solution is proposed for transfer of small amounts of data. The S5/S8 bearers, the signalling over the S11 interface and the NAS are used to transfer small data from/to a UE.

Introduction

In [1] a proposal has been made to use the C-Plane signalling to deliver short messages using the NAS and signalling with the MTC-IWF (optionally via the HSS). In [2] some initial assessment has been made which indicates that the C-Plane only and mixed solutions are promising to offer the desired reduction of the signalling overhead associated with the transmission of small amounts of data. This was based on the assumption that most MTC devices will likely be in the EMM-REGISTERED and ECM-IDLE states for most of the time. For the scenario when the UE has already all U-Plane bearers established either of the solution categories can be used (i.e. C-Plane only, mixed, U-plane) as there is no need for further signalling to be undertaken in order to enable data transfer.
For the device in the “offline” state as stipulated in [3] the device needs to be triggered first in order to be able to receive the mobile terminated data, or needs to initiate the attach procedure in order to be able to send data. The aspects of triggering and activating offline terminals are not covered in this contribution and it is assumed that the UE has been successfully attached to the system.  

Discussion

After registration the MM context is created at the UE and MME. At this stage the UE/Network are authenticated, and a full and current NAS security context exists.   The S5/S8 bearers associated with the UE are also established as well as the UE’s identifier(s) on S11 (i.e. TEID(s)) are allocated.
In order to enable the attached UE to transmit or receive the U-Plane data the system needs to establish the S1 and radio bearers. This requires the MME to push the AS context data onto the eNB and the eNB needs to establish the UE’s context. All these steps require signalling over the LTE-Uu and S1-MME interfaces. Additionally, the AS security context needs to be taken into use by invoking the Security Mode control procedure. 
In the existing system, three signalling radio bearers (SRBs) and one or more data radio bearers (DRB) are used on the LTE-Uu interface i.e.
· SRB0: for RRC signalling using the CCCH logical channel and terminated at the eNB
· SRB1: may carry RRC, piggybacked NAS messages or NAS messages prior to establishment of SRB2 and is mapped to common signalling at the S1-MME interface 
· SRB2 carries NAS messages, is lower priority than SRB1 and is mapped onto the UE’s dedicated signalling at the S1-MME interface
· DRB(s) are mapped onto the S1 bearers on a 1-to-1 basis at the S1-U interface.
SRB2/DRB(s) are established after having the AS context pushed on to the eNB. In order to consider removing this signalling step the state of the signalling bearers prior to the establishment of SRB2/DRB(s) should be looked at: 

· SRB0 and SRB1 are not security protected 

· SRB0 is only used to establish SRB1
· SRB1 is used to establish SRB2 and the DRB(s) and to carry the initial L3 message and some NAS messages (e.g. Authentication and Security mode control procedure messages, Identity Check procedure messages, the ESM Information Request procedure messages and all tracking area update procedure messages if DRB(s) are not required)
If the NAS is used to carry short messages, the AS security seems to be unnecessary provided that the messages are protected at the NAS  layer. SRB1 can be used to carry NAS signalling containing short messages/data packets which are mapped onto the common signalling at the S1-MME interface to transfer data further to the MME.

To streamline the system even further two RRC messages carried over the CCCH could be avoided if it were possible for the short message to be encapsulated in the NAS message and carried over the CCCH. These options are illustrated in Figure 1.
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Figure 1: Transfer paths between the UE and MME
Due to the fact that the S5/S8 bearers carry both C-plane and U-Plane data one could imagine two options leading to two variants of the solution (see Figure 2). One variant uses only the C-Plane path (the so called C-Plane only solution) in the EPS whereas the other variant uses the C-Plane as well as the U-Plane paths (the so called mixed solution) to transport small data. It could be argued that from a signalling efficiency point of view
 the latter variant is more efficient minimizing the signalling overhead and impact on the system. It is largely due to the fact that total amount of signalling is smaller than in the former variant.   
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Figure 2: E2E data paths for small data transmission
It is assumed that all transactions are short lived i.e. once the message has been transmitted/received the system does not retain any additional information associated with it (the so called stateless handling of data transfer is assumed). 

Proposal

It is proposed to update the TR 23.88 with the changes presented in the Appendix A.
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Appendix A – Proposed changes to TR 23.888

First Change

6.X Solution – Small Data Transmission 

6.X.1
Problem Solved/ Gains Provided

See clause 5.4 “Key Issue –Online Small Data Transmission”

6.X.2
General

This solution proposes to use the S5/S8 bearers, signalling over the S11 interface and NAS signalling to transfer small data from/to a UE.

In the core the S5/S8 bearers, UEs identity(ies) on the S11 interface and the NAS security context are established for all registered UEs regardless if they have DRB(s) configured or not.
The NAS signalling messages are used to transport small amounts of data between the UE and the MME. In this case the NAS security is used and the AS security is not required. Due to the fact that no AS and S1 bearer contexts exist at the eNB, the SRB2 and DRB(s) are not established.  However the NAS messages can still be carried either on SRB1 (as currently defined in the EPS) or SRB0.

The MME uses GTP-C signalling over the S11 interface to transport the small data to the S-GW. The S-GW may use either the C-Plane or U-Plane plane to forward the data to the PDN-GW which leads to two variants/alternatives of the solution (see Figure 3).

[image: image3.emf]PDN

MTCServer 

NAS(small data) GTP-C msg. (small data) IP traffic (Small data) GTP-U wrapper (data)

MME S-GW PDN-GW MTC Device

S1-MME S11 S5/S8 SGs

GTP-C msg. (data)

or


Figure 3: E2E data path for small data transmission
Further two cases are distinguished respectively for mobile originated and mobile terminated data transfers. 

Note that the subscription information defining when the data should be treated as small is available at the MME and is transferred in the bearer management procedures to the network entities which need it.
Mobile initiated data transfer

In both alternatives as presented below the UE encapsulates small data in a new NAS message container. Standard methods are used to protect a NAS message (ciphering/integrity protection). The routing of the message to the MME and handling at the eNB are the same as for the initial L3 message. The MME identifies the UE’s MM context based on the UE’s information supplied in the message and uses the context data to create a new GTP-C message, encapsulate the data in it and forward it. The GTP-C message is sent over the S11 interface to the S-GW. 
Please note the selection of which alternative (C-plane only or mixed) may depend on the priority of the data. The C-Plane only solution is more likely to provide prioritised handling of transmission than the C/U plane mixed solution. Alternatively there could be message priority indication(s) which would allow for different treatment in the network.  
Alternative 1:  the C-Plane solution

In this variant the S-GW uses GTP-C signalling to forward the message to the PDN-GW. The PDN-GW removes the data from the GTP-C message and routes/forwards it to its destination (e.g. the MTC server).  The signalling flow for this scenario has been presented in Figure 4.
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Figure 4: Mobile Initiated Transfer – singling/data flows(C-Plane only variant)
Alternative 2: the mixed(C/U Plane) solution

In this variant the S-GW re-encapsulates the data into a GTP-U PDU and forwards it as U-Plane data.  Please note that the transmitted data is assumed to be delay tolerant and the best effort QoS will suffice hence the default bearer(s) can be used.  The signalling flow for this scenario has been presented in Figure 5.
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Figure 5: Mobile Initiated Transfer – signalling/data flows (C/U plane variant)
Mobile terminated data transfer

In this scenario the U-Plane flow is used to trigger small data forwarding to the UE. When the PDN-GW receives packets the delivery path that the system chooses may utilise the C-Plane only or both the C and U planes. These two alternatives/variants are presented below. 
Alternative 1: the C-Plane solution

In this variant when small data has been received the PDN-GW encapsulates it in the GTP-C message. TFTs and packet filtering are used to select the appropriate bearer context and assist the PDN-GW with the information necessary to forward the data to the S-GW in the GTP-C message  The S-GW routes the GTP-C message to the MME. The signalling flow for this scenario has been presented in Figure 6.
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Figure 6: Mobile Terminated Transfer –signalling/data flows (C-Plane only variant)
Alternative 2: the mixed solution (C/U planes) 
In this variant when small data has been received the PDN-GW uses the TFTs and packet filtering to map the ingress flow onto the S5/S8 data bearers as it is currently supported by the system.  The S-GW removes the GTP-U header and encapsulates the data in the GTP-C message in order to forward it to the MME. The signalling flow for this scenario has been presented in Figure 7.  
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Figure 7: Mobile Terminated Transfer – signalling/data flows (C/U Plane variant)
Handling at the MME (Applicable to both alternatives)
The MME triggered by the GTP-C message, identifies the MM context of the UE and triggers the paging procedure. The S1AP paging request has been extended to include an indication that a small message is pending delivery.  The UE responds to the paging by sending the NAS Service Request message which has been extended to indicate the small data which informs the MME not to establish the DRB(s) and SRB2 (this functionality is similar to the Tracking Area Update procedure when the Active flag has not been set). The routing of the message to the MME and handling at the eNB are the same as for the initial L3 message. The MME after having received the Service Request message encapsulates the data into the NAS message and forwards it to the eNB for delivery to the UE.

6.X.3
Impacts on existing nodes or functionality

Depending on a variant of the solution (C-Plane only or C/U Plane) the following impacts have been indentified:

· New NAS/ GTP-C messages used to carry small data(Both variants of the solution).  
· Extended NAS Service Request and S1AP Paging message(Both variants of the solution)
· The MME with added functionality to handle small data transmission and (en/de)capsulate small data using  the GTP-C/NAS messages(Both variants of the solution)
· S-GW  with added functionality to forward/(en/de)capsulate small data using  the GTP-C messages(Both variants of the solution)
· S-GW  with added functionality to forward/(en/de)capsulate small data using  the GTP-C and GTP-U tunnels ( the C/U Plane solution)
· PDN-GW with added functionality to forward/(en/de)capsulate small data using  the GTP-C messages ( the C-Plane only solution)
6.X.4
Evaluation

Benefits:
· Flexibility in definition when data is considered small as required in 22.368 
· In large part reuse of the existing system features
Drawbacks: 
· Some functional changes to the system entities are required

End of Changes
� A ratio such as e.g. � EMBED Equation.3  ��� could be defined  where M-user message/data size, M+CP-Total data transferred(including signalling)
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