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1. Discussion

The solution is based on UP CIoT EPS optimization which enables efficient resource utilization at UP. The solution support QoS and MO/MT communication. Even if the needs AN to keep UE context for small data transmission, it does not introduce any new mechanism (no additional complexity) and is relatively stable solution.

2. Proposal
It is proposed that the following revision marked changes are made to TR 23.799 v1.0.2. 
* * * * Start of 1st Change * * * *
6.4.18
Solution 4.18: Solution for Infrequent Small Data

6.4.18.1
Architecture description

With the 5G architecture of the Core Network (CN) there are a number of basic assumptions made for Infrequent Small Data delivery:

-
The PDU may be IP based or non-IP based.

-
The method is based on using the methods in RAN developed for 5G, specifically the "RRC Inactive Connected/Active Connected" states and potential optimizations thereof. The solution thus assumes that the AN does not release the UE context. In case the AN releases the UE context, the solution falls back to regular CN IDLE state handling.
-
CN CP UE contexts are established at attach or session setup.

-
CN CP preserves UE PDU Session contexts as long as PDU session is maintained.

-
CN UP can refrain from preserving UE state information during inactive periods for the UE. In this case CN UP context and connectivity is established when UE originated or terminated packets need be forwarded in the UP. After a packet is forwarded to/from the UE, a UE context is held for a short time in the CN UP to facilitate the server to send e.g. ACKs to/from the UE. Removing UE context from CN UP during inactivity periods and maintaining UE state only for a small fraction of the time allows the CN UP to multiplex its resources over a larger number of UEs.  
6.4.18.2
Function description

6.4.18.2.1
Connection Establishment Flow

This clause shows how a PDU session is established for a UE device that sends data infrequently.

The procedures are depicted in the Figure 6.4.18.2.1-1.
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Figure 6.4.18.2.1-1: The procedure of session setup for infrequent data

It is assumed for this procedure that the UE is attached to the network. As part of the attach procedure, subscription data is fetched from the Subscriber Data Management function.

1.
The UE initiates a session setup request. The UE provides information indicating the PDU session type (e.g. Non-IP/IP). Indication of the DN network name may also be included.

2.
The SM function may interact with the Policy control function which determines the QoS property of the connection based on information such as UE request, and operator policy.

Editor's note: how the QoS related property is set per operator policy is per the solutions developed for the QoS and Policy Framework Key Issues.

3.
The SM function selects user plane function and a tunnel identifier associated with the UE. In case of IP-based PDU type, the SM function assigns UE IPv4 address/IPv6 prefix anchored in the User plane function.

4.
The SM function may request the AN to setup resources for the session.

5.
In case of IP-based PDU type, the SM fun​ction triggers the establishment of user-plane session if to enable IPv6 stateless address auto-configuration or DHCPv4 options for IP address/prefix allocation after PDU session established. In this case, the DHCPv4 or RS/RA messages will be forwarded by the UP function between UE and the Control Plane functions.

This step is not needed if IP configuration is performed in the protocol over the control plane between the UE and the Control Plane Functions, or in case PDU address is not assigned to the UE at all.

6.
The SM function stores the UE context with all necessary UE and PDU session data. 

7.
The SM function completes the establishment in CP and optionally in UP and provides the AN function with Uplink tunnel information.

Editor's note: It is up to solutions to other Key Issues if other information is transferred such as QoS, max bit rates etc

8.
The AN function stores the UE context.

9.
Session setup is complete.

10.
In case IP, IPv6 stateless address auto-configuration or DHCPv4 procedure may be triggered between UE and the SM function over the user plane and the control plane between SM and User Plane Functions.

11.
In case of IP-based PDU type, after the IPv6 stateless address auto-configuration or DHCPv4 allocation procedure is finished the UP Plane function may delete the UE context to release resources during a possibly long UE inactivity period. This may be triggered due to UE inactivity during a time period.
12.
Due to e.g. user inactivity during a time period the AN function moves the UE to RRC Inactive Connected State.

6.4.18.2.2
Uplink PDU Transfer Flow

This clause shows how a Uplink PDU is transfer from a UE device that sends data infrequently.

The procedure is depicted in the Figure 6.3.18.2.2-1.
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Figure 6.4.18.2.2-1: Uplink PDU transfer

It is assumed for this procedure that the UE is attached to the network and that a PDU session is established, the UE is in RCC Inactive Connected State and no UE context is currently established in the CN UP.

1.
The UE and AN transitions to RRC connected state. 

2.
The UE transmits the PDU to AN and in case the UE knows that this is the last PDU to be transmitted for this occasion the UE may indicate it together with the last PDU.
3.
The AN encapsulates the PDU into a tunnel protocol header and forwards the PDU to the User Plane function indicated by the tunnel identifier part of the UE Context. 

4.
After the AN has forward the PDU, the AN initiates transition to RRC inactive state triggered by last PDU marking or due to UE inactivity during a time period. The UE is moved to RRC Inactive Connected State.

5.
The User Plane function receives the uplink PDU and as the UE Context does not exist the User Plane function requests the Control Plane function for the UE context. The User Plane function may select the Control Plane function based on the user plane tunnel identifier in the received PDU.

In case that a UE Context already exists in the User Plane functions this step is omitted.

6.
The User Plane function forwards the PDU to the Data Network. The User Plan function may enforce e.g. QoS marking, charging etc.

7.
The User Plane function may remove the UE context according to e.g. a last PDU marking or e.g. due to inactivity.

Only up-link UP packets that are authorized based on the UE context in the AN are forwarded to the CN UP in step 3. This reduces the risk of DoS attacks causing overload in step 5. 
6.4.18.2.3
Downlink PDU Transfer Flow

This clause shows how a Downlink PDU is transferred from a Data Network to a UE device that sends data infrequently.

The procedure is depicted in the Figure 6.4.18.2.3-1.
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Figure 6.4.18.2.3-1: Downlink PDU transfer

It is assumed for this procedure that the UE is attached to the network and that a PDU session is established, the UE is in RCC Inactive Connected State and no UE context is currently established in the User Plane functions.

1.
The application server in the Data Network transfers a mobile terminated PDU towards the User Plane Functions. In case of IP the destination address is the IP address of the UE device.

Editor's note: How Non-IP PDU is handled is FFS.

2.
The User Plane functions receives the downlink PDU and as the UE Context doesn't exists the User Plane functions requests the proper Control Plane functions for the UE context. In case of IP the IP address is used to derive the proper SM function.

In case that a UE Context already exists in the User Plane functions this step is omitted.

3.
The User Plane function encapsulates the PDU into a tunnel protocol header and forwards the PDU to the AN identified by he AN tunnel identifier part of the UE context. The User Plan function may enforce e.g. QoS marking, rate limiting, charging etc.
4.
When the AN receives the PDU the procedure the UE and AN transition to RRC active state.

5.
The AN forwards the PDU to the UE.

6.
After the AN has forward the PDU, AN initiates the transition to RRC inactive statewith the UE e.g. due to UE inactivity during a time period. The UE is moved to RRC Inactive Connected State.

7.
The User Plane function may remove the UE context due to e.g. inactivity.

In case the UP function is accessible from the Internet, the UE context may need to be kept in the UP function for longer times to avoid unnecessary signalling between UP and CP in step 2 (e.g. due to DoS attacks). In this case the CP function can instruct the UP function to not release UE context or instruct the UP function to use a longer inactivity timer.
6.4.18.3
Solution evaluation

Editor's note: This clause will contain evaluation on the system impacts, e.g. UE, access network and non-access network.
This is similar to User Plane CIoT EPS optimization. The solution is efficient for infrequent small data transmission.
The following provides benefits and drawbacks of the solution.

Benefits:

· Efficient resource utilization at UP
· Support of QoS
Drawbacks:

· AN needs to keep UE context

· How to support of non-IP type PDU is not resolved

* * * * End of Changes * * * *
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