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Abstract of the contribution: Transmission of small amount of data using NAS for online devices

1.
Introduction

Currently in TR 23.888, small data transfer  has been addressed by SMS. Also, although not handled, S2-112574 was submitted to SA2#85 to address small data using NAS signalling messages. 

This paper proposes also to use NAS signalling messages, but addresses the case in which the UE is attached and has a PDP context / PDN connection.

2.
Discussion

Currently, whenever a UE has uplink data to send on an existing PDP context or PDN connection, the UE must first perform an idle to active transition, including a Service Request in NAS, RRC user plane security setup, and bearer setup. For a device that transmits only a small amount of data at a given time, this signalling can potentially be avoided.

One alternative is to avoid the bearer setup by sending the data from the UE directly in NAS. The following figure illustrates the user plane for uplink IP packets in this case. For uplink data, no special configuration is required in the network; rather, the network need only support the forwarding of the IP packet that was received over NAS.
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Figure 1: User data path for uplink IP packet over NAS

For downlink data, a similar mechanism could be used; however, the SGW must be aware that the IP packets destined for the UE can be sent directly to the MME. This can be accomplished in a number of ways, including the following:

· If the SGW receives uplink data directly from the MME/SGSN, it could assume that downlink packets should be sent directly to the MME/SGSN if there is no user plane tunnel established.

· Subscription data could indicate whether a PDP context or PDN connection is for small data transmission; in this case also, the SGW would send IP packets directly to the MME/SGSN on the control plane when there is no user plane established.

Note that this solution can also support establishment of the normal user plane as well. For instance, if the MTC server is sending more than the configured “small amount” of data, the MTC server could send some trigger to the UE to indicate that a large data transfer is imminent, and the UE could send a Service Request and establish the user plane. However, this would entail some amount of intelligence and control in the MTC server; hence another option would be for the SGW or MME/SGSN to make the determination that too much data is being transferred via NAS, and initiate establishment of bearers. That is, the MME/SGSN could “refuse” to send an IP packet over NAS, or the SGW could send a DDN to the MME SGSN instead of the IP packet. Other mechanisms to police the amount of data transferred via NAS might also be possible, but will be left FFS for the purposes of this paper.

Implications to various signalling flows, including handover, is FFS.

Proposed Changes

6.X Solution – Small IP Packet Transmission via NAS Signalling
6.X.1
Problem Solved / Gains Provided

See clause 5.4 “Key Issue –Online Small Data Transmission”
6.x.2
Transmission of IP packets via NAS
6x.2.1
General

Transmission of IP packets can be accomplished by sending them over NAS signalling rather than on the normal user plan. For this case, the user plane would be directed through the control plane rather than through the normal user plane using PDCP. Hence, the functions of PDCP would not be used; on the other hand, NAS level security would be used. Also, to identify the PDP/PDN connection, appropriate identifiers would be included in the NAS message along with the IP packet.
Note 1:
Whether the use of NAS to transfer user plane traffic has any impact to signalling priorities is FFS.
Note 2:
Whether this mechanism should apply to A/Gb mode is FFS.
Note 3:
QoS related issues are FFS.
6.x.2.2
Attach and Session Establishment for UEs using short data transmission over NAS
When the MTC device attaches, it includes an indication in NAS that it is capable of transmitting/receiving short IP packets over NAS. It might also be useful to include the maximum size of IP packet that it is capable of transmitting or receiving. If the MME/SGSN supports sending short IP packets over NAS, the MME/SGSN will respond with an indication as well, and can also include a maximum size as well. It is FFS whether this indication should be sent as part of the Attach Response or as part of the session management signalling. Subscription data from the HSS could indicate the maximum size of a "short" IP packet, or it could be configured on the MME/SGSN.

When establishing the session with the SGW, the MME/SGSN sends an indication to the SGW to direct short IP packets directly to the MME/SGSN rather than sending a Downlink Data Notification. The MME/SGSN will also indicate the maximum size of an IP packet that the SGW is allowed to send directly. The SGW takes note of this indication, and will know that it might receive user packets over the control plane. Alternatively, the MME/SGSN and SGW could establish separate user plane tunnels for short packets.
Note:
If the session is being established over Gn/Gp, no changes are required to the signalling between the SGSN and the GGSN; the functions that would be performed in the SGW will be performed internally on the SGSN.
6.x.2.3
Transmission of IP packets via NAS in the uplink direction

When an MTC device has a small uplink IP packet to send, rather than sending a Service Request message to the MME/SGSN, which will trigger the MME/SGSN to establish bearers, the MTC device instead encapsulates the IP packet into a single NAS message. Similarly to the RAU/TAU, when the MME/SGSN receives the NAS message, a NAS signalling connection established, but the MME/SGSN does not establish bearers for the user plane.
After the IP packet is decapsulated, a Gn/Gp SGSN can simply place the packet into the appropriate user plane tunnel toward the GGSN. The MME/S4-SGSN, on the other hand, then forwards the data to the SGW on the control plane. The SGW, based on the message header, determines to which context the IP packet belongs, and forwards the packet on the appropriate tunnel to the PGW.

The following call flow illustrates the signalling used for uplink small data transport through the MME.
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Figure 2: Uplink transport of small data using NAS
1.
The MTC device sends the IP packet to the MME by encapsulating it in a NAS message. The NAS message is delivered to the eNB using existing procedures for sending an initial NAS message when no RRC connection exists. The NAS message contains the EPS Bearer Identity to be used for the packet.
Note 1:
This NAS message can be sent regardless of whether there is an existing NAS signalling connection between the MTC device and the MME.
2.
The eNB forwards the NAS message to the MME over S1-AP.

3.
The authentication and security procedures are performed if deemed necessary by the MME. 
4.
The MME forwards the IP packet from the NAS message to the SGW. It is FFS whether a separate tunnel will be established for each bearer that is eligible for short data transfer, or if a single GTP control plane message is used. 
5. The SGW determines the appropriate tunnel for forward the IP packet to the PGW. At this point, the packet can be forwarded as any other user plane data.
6.x.2.4
Transmission of IP packets via NAS in the downlink direction

When the SGW receives a small downlink IP packet to send to the MTC device, and a user plane tunnel has not been established, the SGW checks whether it has received an indication that it should deliver small IP packets directly to the MME/SGSN. If it has received the indication, and the IP packet falls within the maximum size range, rather than sending a DDN to the MME/SGSN, the SGW sends the small IP packet to the MME/SGSN. The EPS Bearer ID is included in the message. The MME/SGSN then delivers the IP packet via NAS, and includes the EPS bearer in the NAS message.
If the MTC device in idle mode, the MME/SGSN pages the MTC device. If the MTC device is active, the MME/SGSN uses the existing signalling connection for delivering the NAS message in which the IP packet is encapsulated.

Small IP packets can be delivered by a Gn/Gp SGSN in a similar manner.
6.x.2.5
Reverting to normal transmission of data over user plane bearers

Even when small data transmission via NAS is allowed, there may be cases in which the MTC server or MTC device need to send larger amounts of data. 
For uplink data, the MTC device itself can make the determination to perform a normal Service Request procedure, which will result in bearers being established for the existing PDP/PDN connection(s). However, the MME/SGSN could, by implementation dependent means, determine that normal transmission mechanisms should be used. In this case, the MME/SGSN can initiate bearer establishment upon reception of a NAS message with an encapsulated IP packet, or at any time while the MTC device is active. Whether the MME/SGSN notifies the SGW to clear its flags is FFS, and could be an implementation dependent decision.
In the downlink direction, if the packets are mapped to a bearer for which small data transmission via NAS is allowed, the SGW will send the packet to the MME/SGSN. The SGW could be configured, or be provided by the MME/SGSN, with some maximum rate of packet delivery via NAS. If this rate is exceeded, the SGW would send a DDN to the MME and resume normal delivery of IP packets. Alternately, the MME/SGSN could reject the delivery of packets from the SGW, or initiate user plane bearer establishment. 
6.x.3
Impacts on existing nodes and functions
Subscription data contains an indication that the UE or APN is eligible to use NAS signalling for small data transmission, and may also indicate the maximum size of the small data transmission.

The MME/SGSN might indicate the maximum data size for small data transmission to the UE via NAS.
The UE has to send and receive user plane IP packets through NAS rather than through the normal data path.

The MME is modified to send and receive user data.
The SGW and MME/SGSN must be capable of creating an alternate user plane for small data transmission.
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This stencil contains custom line patterns. When this stencil is open, its line patterns are available at the end of the Pattern list in the Line dialog box.

To apply a custom line pattern, select a shape, and then choose Format > Line. In the Pattern list, select a custom line pattern name, and then click OK.
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