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***** First Change *****
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.

The solution allows the UE used for frequent small data communication to use the eDRX power saving method as investigated in KI#4. This allows UE power efficiency for traffic patterns for frequent small data communication with gaps between transmissions 

This solution uses combinations of RRC Inactive, EDT, power saving methods, and HLCOM (see key issue 3 High latency communication) to meet the architecture requirement on both resource-efficiency and UE power efficiency. The solutions have two options for data buffering at MT data transmissions:

a)
DL data buffering in RAN (solution in clause 6.7.4.2.2)

b)
DL data buffering in CN (solution 6.7.4.2.1)
c) DL data buffering in CN (moving the UE to IDLE)

Option a), with DL data buffering in RAN, is preferably used when a UE is not using eDRX (or eDRX with quite short sleep cycle e.g. a minute). In these cases, the RAN buffering can be very efficient. Option b), with DL data buffering in CN, is preferred when a UE is using eDRX (with longer sleep cycles e.g. a minute or more). In such cases, the CN has efficient buffer handling possibilities also considering full UE mobility. Alternatively, option c) with DL data buffering in CN with UE moved to CM-IDLE can be used for UE using longer sleep cycles. 
CN buffering is also used when SCS/AS has requested UE reachability Monitoring Events, except in case of option a). CN is able to send UE reachability event reports for SCS/AS that has requested notification when the UE wakes up from its power saving state. The RAN does not handle such reporting.
6.7.2
Functional Description
This solution for frequent small data communication supports the following functions:

-
Small data is transmitted with reduced signalling using the RRC Inactive state. For single and dual packet transmissions (UL+DL), even further reduction of signalling over the radio is achieved using the Early Data Transmission (subject to RAN decision). 

-
Fast release of the RRC connection at single and dual packet transmissions is supported, hence maximizing the UE power efficiency.

-
Support for delivery of IP data and Unstructured (NIDD) data.

-
Support for MT data transmission to power saving devices (KI 4 functions e.g. eDRX) using extended buffering and UE reachability event notifications (KI 3 functions). 

-
The existing UP security mechanisms in 5G system are supported.

-
Support for charging, roaming, and policy control. Further 5G CIoT support for charging of messages are supported. 

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
MO transmissions

6.7.4.1.0
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.  

6.7.4.1.1
MO transmission with RRC Inactive

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 6.7.4.1.1-1: RRC Inactive with MO transmission

The UPF-(NEF) entity in the figure above is the UPF-NEF (i.e. Small data delivery function) in the Indirect Model case (i.e. when NIDD API is used) and it is a UPF in the Direct Model case.

1-3. The RRC connection is moved from inactive to active.

4-5.  The UE sends a UL data PDU with small data to the RAN. 
The RAN forwards the UL data PDU to the UPF.

6.
For the Direct Model case the UPF forwards data to/from the AF (i.e. SCS/AS). For the Indirect Model case this step is the NIDD API. See for example the UPF-NEF solution.

7-8. The receiver may respond with a DL data PDU, e.g. an acknowledgement, which is forwarded to the UE by the RAN.

9.
The RAN suspends the RRC connection to inactive mode after a RAN specific timeout.

10.
UE enters RRC Inactive mode.

6.7.4.1.2
MO transmission with Early Data Transmission and RRC Inactive

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 such as Small data transmission function (see solution 35). The Small data transmission function 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 6.7.4.1.2-1: MO transmission with Early Data Transmission and RRC Inactive

The UPF-(NEF) entity in the figure above is the UPF-NEF (i.e. Small data delivery function) in the Indirect Model case (i.e. when NIDD API is used) and it is a UPF in the Direct Model case.

NOTE: EDT has been agreed in RAN for R15. Work with EDT in R16 will be started.
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 to the UPF.

4.
For the Direct Model case the UPF forwards data to/from the AF (i.e. SCS/AS). For the Indirect Model case this step is the NIDD API. See for example the UPF-NEF solution.

5.
The receiver may respond with a DL data PDU, e.g. an acknowledgement.

6.
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.

7.
The RRC connection is suspended to Inactive mode.

6.7.4.2
MT transmissions

Editor's note:
Dependent on progress of KI Power Saving Functions and KI High Latency Communication.

6.7.4.2.0
General

MT transmissions are typically less frequent in massive IoT scenarios, but nevertheless they need to be handled. 

The procedure below (clause 6.7.4.2.1) describes MT transmissions for frequent small data communication for UE with both RRC Inactive in use and power saving function active. That is, when power saving functions are not in use, extended buffering is not applied.

The clause 6.7.4.2.1 procedure, MT transmission with extended buffering at RRC Inactive, 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. 

6.7.4.2.1
MT transmission with extended buffering at RRC Inactive 
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Figure 6.7.4.2.1-1: MT transmission with extended buffering at RRC Inactive

The UPF-(NEF) entity in the figure above is the UPF-NEF (i.e. Small data delivery function) in the Indirect Model case (i.e. when NIDD API is used) and it is a UPF in the Direct Model case.

0.
Extended Data Buffering is established
 when RAN transition a UE using eDRX to RRC Inactive state, the RAN sends a N2 Notification to AMF. RAN provides buffering support information if there is any. AMF uses the Nsmf_PDUSession_UpdateSMContext service to pass the buffering info with buffering duration to SMF. SMF uses N4 messages to update status of UPF N3 DL tunnel, activate extended buffering of DL data and set the Buffering duration.

1.
DL data arrives.

2.
DL data is buffered in the UPF based on step 0b.

3.
The SMF requests a UE reachability report via Namf_MT_EnableUEReachability, based on N4 data notification from UPF. 
The SMF may optionally just wait for the next MO data from UE in step 6 to trigger the sending of downlink data without invoke enabling the UE reachability reporting.

4.
The AMF may use the N2 Notification procedure to retrieve UE reachability info. RAN may provide new buffering support information, if there is any. 

5.
The AMF notifies the SMF with the latest reachability info (either UE is reachable or still not reachable with potential new buffering support information). The SMF uses N4 data request to update buffering duration for the UPF DL Tunnel if needed .
6.
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. 

7.
UPF delivers the buffered DL data to the UE. 

8.
For the Indirect Model, the interaction with the AF is according to the NIDD API. See for example the UPF-NEF solution.

9.
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.

6.7.4.2.2
MT transmission with RAN buffering of DL data with RRC Inactive
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Figure 6.7.4.2.2-1: Mobile Terminated data procedure

1.
The UPF sends a DL data PDU towards the UE. RAN buffer the DL data during RAN paging (if necessary) or during the UE sleep cycle (if power saving method is used) 
NOTE: 
The AMF may use CN buffering (clause 6.7.4.2.1 or 6.7.4.2.3) if the UE uses power saving methods or power saving methods with sleep cycles longer than e.g. one minute, or if event notifications have been configured for the UE.
2.
RAN delivers to UE when UE becomes reachable.
6.7.4.2.3
MT transmission with notification at RRC Inactive 

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 such a scenario is shown below.
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Figure 6.7.4.2.3-1: MT transmission with notification at RRC Inactive

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 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.

This solution uses and is dependent on solution in clause 6.38. In addition, the following impacts to existing entities and interfaces exists:
RAN:
Send buffering info with remaining eDRX interval to AMF.
Support for EDT is optionally needed
RAN paging with extended unreachable cycles.
N2 notifications procedure of UE reachability.
AMF
New parameter in the Nsmf_PDUSession_UpdateSMContext service to pass buffering info with buffering duration to SMF.

Handling of 'Availability after DDN failure' monitoring event based on N2 Notification of DL data failure at RRC Inactive 
N2 notifications procedure of UE reachability.
SMF
Send buffering info with buffering duration to UPF.
UPF
Extended buffering while UEs are sleeping
6.7.6
Evaluation

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

***** End of Changes *****
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