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6.7
Solution 7: Small data frequent communication

6.7.1
Introduction

Editor's note:
This clause lists the key issue(s) addressed by this solution.

This solution addresses the key issue #2, Frequent Small data communication.

6.7.2
Functional Description
Editor's note:
This clause outlines solution principles and documents any assumptions made.

[COMPARED TO TR 23.274, TEXT HAS BEEN REMOVED HERE. PLEASE SEE S2-183215]
6.7.3
Support of EPC interworking

Editor's note:
This clause describes if and how EPC-5GC interworking is supported by this solution.

6.7.4
Procedures

Editor's note:
This clause describes high-level procedures and information flows for the solution.

6.7.4.1
Transmission of Unstructured data (NIDD)
In this procedure the UE supports a NIDD client (TS 23.682 [6]), for delivery of Unstructured (Non-IP) data. The SCS/AS in the figure below, sends and receives messages to/from a given UE identified by an External Identifier or MSISDN. The UE has an Unstructured PDU Session activated and the message on the T8 API is mapped to DL non-IP data PDU or from UL non-IP data PDU delivered to/from the UE.

For the Direct Model case, the DL and UL data PDUs are passed directly between the UPF and the SCS/AS.



Figure 6.7.4.1-1: Mobile Terminated NIDD procedure
NOTE: 
The UPF is only required in roaming scenarios. In non-roaming scenarios the RAN can interface NIMF directly over N3.
1.
The SCS/AS sends a MT Submit Request with small data using T8 API to the NIMF.

2a.
The NIMF determines the UE based on established connections and the External Identifier or MSISDN included in the MT Submit Request. The NIMF makes authorization and quota checks.

2b.
If there is no established connection corresponding to the External Identifier or MSISDN, the NIMF may either:

-
send a MT Submit Response with appropriate error cause value and stop the flow at this step; or

-
perform device triggering towards the UE to establish a connection.

3.
The NIMF sends a DL data PDU towards the UE using the IP address associated with the connection established by the UE (see clause 6.7.4.1).

4.
If the NIMF expects no acknowledgement on the message sent in step 3, the NIMF sends a MT Submit Response to the SCS/AS informing that an unacknowledged transmission to the UE has been made.

5.
An UL data PDU is sent by the UE and received in the NIMF. The NIMF determines if the received UL data is an acknowledgement of the DL data in step 3 or not.

6.
If the UL data PDU in step 5 is an acknowledgement, the NIMF sends a MT Submit Response to the SCS/AS informing that an acknowledged transmission to the UE has been made. Otherwise if the UL data PDU is not an acknowledgement, the NIMF proceeds according to the Mobile Originated NIDD procedure below.
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Figure 6.7.4.1-2: Mobile Originated NIDD procedure
NOTE: 
The UPF is only required in roaming scenarios. In non-roaming scenarios the RAN can interface NIMF directly over N3.
1.
The UE sends a UL data PDU with small data which is forwarded to the NIMF using the UE's PDU Session.

2.
The NIMF sends a DL data PDU with an acknowledgement if required.

3.
The NIMF forwards the received UL data using a MO Indication to the SCS/AS associated with the connection established by the UE.

4.
The NIMF receives an MO Acknowledgement from the SCS/AS.

6.7.4.2
Transmission of IP data

In this procedure the UE supports IP based communication and typically has an application client for small data communication. Such a client may e.g. support security (e.g. DTLS), device management and name based/object based information management (see for example [12] and [13]). The SCS/AS in the figure below, sends and receives messages to/from a given UE identified by an External Identifier or MSISDN. The UE has a PDU Session of type IPv6 (or IPv4) activated and the message on the T8 API is mapped to DL data PDU or from UL data PDU delivered to/from the UE.

For the Direct Model case, the DL and UL data PDUs are passed directly between the UPF and the SCS/AS.
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Figure 6.7.4.2-1: Mobile Terminated IP data procedure
NOTE: 
The UPF is only required in roaming scenarios. In non-roaming scenarios the RAN can interface NIMF directly over N3.
1.
The SCS/AS sends a MT Submit Request with small data using T8 API to the NIMF.

2a.
The NIMF determines the UE based on established connections and the External Identifier or MSISDN included in the MT Submit Request. The NIMF makes authorization and quota checks.

2b.
If there is no established connection corresponding to the External Identifier or MSISDN, the NIMF may either:

-
send a MT Submit Response with appropriate error cause value and stop the flow at this step; or

-
perform device triggering towards the UE to establish a connection.

3.
The NIMF sends a DL data PDU towards the UE on the PDU Session of the UE.

4.
If the NIMF expects no acknowledgement on the message sent in step 3, the NIMF sends a MT Submit Response to the SCS/AS informing that an unacknowledged transmission to the UE has been made.

5.
An UL data PDU is sent by the UE and received in the NIMF. The NIMF determines if the received UL data is an acknowledgement of the DL data in step 3 or not.

6.
If the UL data PDU in step 5 is an acknowledgement, the NIMF sends a MT Submit Response to the SCS/AS informing that an acknowledged transmission to the UE has been made. Otherwise if the UL data PDU is not an acknowledgement, the NIMF proceeds according to the Mobile Originated NIDD procedure below. 
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Figure 6.7.4.2-2: Mobile Originated IP data procedure
NOTE: 
The UPF is only required in roaming scenarios. In non-roaming scenarios the RAN can interface NIMF directly over N3.
1.
The UE sends a UL data PDU with small data which is forwarded to the NIMF on the PDU Session of the UE.

2.
The NIMF sends a DL data PDU with an acknowledgement if required.

3.
The NIMF forwards the received UL data using a MO Indication to the SCS/AS associated with the connection established by the UE.

4.
The NIMF receives an MO Acknowledgement from the SCS/AS.

6.7.4.3
MO transmissions with RRC Inactive
6.7.4.3.0
General

MO transmissions for frequent small data communication uses RRC Inactive and Early Data Transmission to reduce the signalling. RRC Inactive with MO transmission saves a UE context in the RAN at an initial small data transmission. All subsequent MO small data transmissions can then benefit of MO UL and DL transmission of small data without any 5G CP signalling. The RAN simply forwards any UL data on the existing N3 interface. And any subsequent DL data and additional UL data can be forwarded in the same optimized way. 
NOTE: 
Unlike CP-data in the EPS, there is no limit or break even for how much subsequent DL&UL data can be forwarded during a single RRC connection with this solution before there is a signalling penalty i.e. before the optimization becomes less optimized compared to sending the small data without any optimization at all.    
Early Data Transmission with RRC Inactive and MO transmission makes even further signalling optimization over the radio by piggy back the first UL data potentially the first DL data to the RRC establishment signalling. This would save an additional one or potentially two messages over the radio.  
6.7.4.3.1
RRC Inactive with MO transmission
An optimized data transmission for small data can be achieved using the RRC Inactive state for the UE connected to the 5GS. RRC Inactive is supported in 5GS from Rel-15 when NG-RAN is used. This solution proposes to use RRC Inactive also when NB-IoT and LTE-M are used.
The RRC_INACTIVE feature can transmit small data without necessarily performing a full state transition to RRC_CONNECTED (see TR 38.804 [15], Annex G).

NOTE:
RRC Inactive for NB-IoT & LTE-M connected to 5GC is work in progress in RAN and coordination with RAN is needed. 
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Figure 6.7.4.3.1-1: RRC Inactive with MO transmission
NOTE: 
The UPF is only required in roaming scenarios. In non-roaming scenarios the RAN can interface NIMF directly over N3.
1-3. The RRC connection is moved from inactive to active.

4.
The UE sends a UL data PDU with small data to the RAN.

5.
The RAN forwards the UL data PDU towards the NIMF on the UE's PDU Session (Unstructured PDU Session or PDU Session of type IP).

6-7.
The NIMF may respond with a DL data PDU, e.g. an acknowledgement, which if forwarded to the UE by the RAN.

8.
The RAN suspends the RRC connection to inactive mode after a RAN specific timeout.

9.
UE enters RRC Inactive mode.

10-11.
The NIMF forwards the received UL data using a MO Indication to the SCS/AS associated with the connection established by the UE and receives an MO Acknowledgement from the SCS/AS.

6.7.4.3.2
Early Data Transmission with RRC Inactive and MO transmission

A very efficient data transmission can be achieved for one of the most frequent small data transmissions scenarios, i.e. one UL message (acknowledged or unacknowledged). Acknowledgements, if used, are often generated by a protocol layer on NIMF southbound interface. The NIMF is assumed to be dimensioned for low latency response of small data communications, allowing the potential acknowledgement to be included as Early Data Transmission in the RRC Command message. This enables low delay communication and reduced UE power consumption with a minimum signalling. 
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Figure 6.7.4.3.2-1: Early Data Transmission with MO transmission
NOTE: 
The UPF is only required in roaming scenarios. In non-roaming scenarios the RAN can interface NIMF directly over N3.
Editor's note:
The details of the Early Data Transmission sequence is FFS and dependent on RAN decisions.

0.
A UE decides to send a small data sensor value to the SCS/AS.

1.
The UE is in RRC Inactive and before the UL data PDU can be transmitted a resume of the radio connection is invoked

2.
The UL data PDU is included as Early Data Transmission with the RRC Resume Request.

3.
The RAN finds the UE context using the Resume ID and forwards the UL data PDU on the N3 interface towards the NIMF.

4.
The NIMF may respond with a DL data PDU, e.g. an acknowledgement.

5.
The RAN receives the DL data PDU before the RRC respond timer expires in the RAN and includes the DL data PDU as Early Data Transmission with the RRC Command sent to the UE.

6.
The RRC connection is suspended to Inactive mode.

7.
The NIMF forwards the received UL data using a MO Indication to the SCS/AS associated with the connection established by the UE.

8.
The NIMF receives an MO Acknowledgement from the SCS/AS.

6.7.4.4
MT transmissions with RRC Inactive
Editor's note:
Dependent on progress of KI Power Saving Functions and KI High Latency Communication.
6.7.4.4.0
General

MT transmissions are typically less frequent in massive IoT scenarios, but nevertheless they need to be handled. 
MT transmissions for frequent small data communication describes how to handle the situation when DL data arrives when RRC Inactive is used while the recipient UE is sleeping i.e. is in a power saving state such as PSM or long DRX (see KI Power Saving Functions), or not available for other reasons. 
The Extended buffering with RRC Inactive at MT transmission shows how extended buffering is used when DL data arrives at the UPF. The assumption is that buffering of large amounts of data in RAN should be avoided. The figure below shows an example when the Indirect Model using a UPF-NIMF is used. For the Direct Model case the UPF‑NIMF is replaced by a UPF.
6.7.4.4.1
Extended buffering with RRC Inactive at MT transmission
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Figure 6.7.4.4.1-1: Extended buffering with RRC Inactive at MT transmission
0.
Extended Data Buffering is established, either:

0a.
Each time when RAN transition a UE using eDRX/DRX to RRC Inactive state, the RAN sends a N2 Notification to AMF. RAN provides buffering support information if there is any; or

0b.
Initially when the PDU Session is moved to CM-CONNECTED and RRC Active/Inactive are used, the AMF notifies SMF/UPF that the PDU session is subject for extended data buffering and buffering support info (e.g. buffering indicator and optionally duration) based on known info (e.g. negotiated eDRX/DRX interval) and/or buffering support info from RAN. The message used by AMF can be the existing Nsmf_PDUSession_UpdateSMContext service, or Namf_EventExpousre_Notify, or a new service to deliver the info. If data is buffered in the UPF and not in SMF, the SMF can notify the UPF in a similar way as in CM-IDLE mode.
Editor’s Note: The details of buffering support information are FFS. 

1, 2b, 7, 10.  API related interactions.
3.
DL data from step 1 is buffered based on step 0b.

4.
[conditional] The SMF may either request UE reachability report via Namf_MT_EnableUEReachability, based on notification from UPF which can either be similar to the DDN in CM-IDLE mode or a modification of the existing DDN message. 

The SMF may optionally just wait for the next MO data from UE in step 8 to trigger the sending of downlink data without invoke enabling the UE reachability reporting in step 4.
5.
The AMF may use the N2 Notification procedure to retrieve UE reachability info. RAN may provide new buffering support information, if there is any. 
6.
The AMF notifies the SMF/UPF with the latest reachability info (either UE is reachable or still not reachable with new buffering support information.
8.
The UE contacts the network and the AMF either receives an N2 notification triggered by an RRC resume or an N2 Path Switch Request (if the RRC resume triggers a RAN node change). The AMF notifies the SMF/UPF of the UE reachability. 

9.
UPF delivers the buffered DL data to the UE. 
11.
RAN moves the UE to RRC Inactive state.
Note: 
If the UE does not contact the network before expiry of the extended buffering duration timer, the buffered data may be discarded in the SMF/UPF.  
6.7.4.4.2
Notification with RRC Inactive at MT transmission
This flow shows how MT data is handled when RRC Inactive is used and the UE has an 'Availability after DDN failure' monitoring event configured. This monitoring event is probably mostly used in Direct Model of communication scenarios, hence a flow diagram without NIMF interactions is shown below.  
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Figure 6.7.4.4.2-1: Notification with RRC Inactive at MT transmission
0.
The SCS/AS configures an 'Availability after DDN failure' monitoring event. This results in that the UDM and the AMF have the event configured in their contexts.

1.
DL data delivered over N3 to RAN for UE in CM-CONNECTED with RRC Inactive.

2.
UE is not reachable, i.e. in eDRX/DRX power saving state or the RAN paging failed. The RAN notifies the AMF about the DL data failure using N2 Notification message. RAN schedules paging of the UE e.g. next time it may be reachable by paging. The RAN may discard the buffered DL data after a timeout.
3.
The AMF discovers in its UE context that an 'Availability after DDN failure' monitoring event has been configured for the UE. The AMF sets the 'Notify on availability after DDN failure' flag in the MM context.
4.
AMF may optionally send an event notification to the NEF and SCS/AS as a confirmation that the DL data in step 1 was received and that an 'Availability after DDN failure' notification will be sent as soon as the UE becomes available.
5.
The UE contacts the network and is set in RRC active state. The AMF either receives an N2 notification triggered by an RRC resume or an N2 Path Switch Request (if the RRC resume triggers a RAN node change).
6.
When the AMF becomes aware that the UE has contacted the network, the AMF determines from the set state of the 'Notify on availability after DDN failure' flag that a notification shall be sent and that extended buffering does not need to be triggered. The AMF therefore clears the 'Notify on availability after DDN failure' flag and sends an 'Availability after DDN failure' event notification to the NEF. 
The NEF forwards the 'Availability after DDN failure' notification using the API to the SCS/AS.
7.
The SCS/AS sends DL data towards the UE. The UPF forwards the DL data to the RAN. The RAN sends the DL data to the UE. 
8.
RAN moves the UE to RRC Inactive state.
6.7.5
Impacts on existing entities and interfaces
Editor's note:
This clause describes impacts to existing entities and interfaces.

6.7.6
Evaluation

Editor's note:
This clause provides an evaluation of the solution.

***** Last Change *****
3GPP
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