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1 Introduction

This document analyses the candidate solutions 5, 7, 19, 29, 36, 41 and also solution 6 that has got similarities with solutions 5 and 29. 
The evaluation emphasizes the signalling optimisation of UL biased traffic pattern which is typical for IoT. It also considers the CP/UP split that has been adopted as part of 5GS design, the availability of RRC Inactive in 5GS, and it outlines the main characteristics of the candidate solutions. 
2 Proposal
It is proposed to agree the following changes on TR 23.724. 
***** First change *****
7.2
Key Issue 2: Frequent small data communication


Solution 5 UL packets are processed in stateless RAN without setting up context and without touching the CP CN nodes. UP security is used between UE and UPF. UE includes sufficient information to RAN to determine the target UPF dynamically. Solution 5 can be used with EDT and with eDRX, It is also compatible with RRC Inactive, but since both RRC Inactive and Solution 5 benefit from omitting the RRC Connection establishment, they are partially optimising the same radio interface procedures. Solution 5 can support DL data, but the efficiency gain is lower than in the UL direction. UP QoS and overload control methods can be re-used
Observations: Only UP nodes are needed for UL data, stateless RAN, low signalling load, UP QoS concept, HLcom and overload control are re-used
Solution 7 documents the use of eDRX and DL data buffering. DL data buffering in RAN is used for UE that is using short eDRX cycle, or none at all. DL data bullefering in CN is needed for longer buffering periods. 
Observations: Buffering of DL data in RAN or in CN depending on the eDRX cycle length.
Solution 19 is mainly aimed at Key Issue 1, but the commonality with RRC Inactive makes it applicable on Key Issue 2 also. The solution is aimed at CM-IDLE state, and it bypasses Service Request, relying on RAN maintaining AS context information on the UPF connection and related QoS flows. The method re-uses the principle of suspend and resume procedures in CIoT EPS Optimisations. 
Observations: RRC Connection suspend / resume. Static UPF assignment. Stateful RAN stores the UPF as part of the AS context.
Solution 29 UL packets are processed in stateless RAN without setting up context and without touching the CP CN nodes. UP security is used between UE and UPF. UE includes sufficient information to RAN to determine the target UPF dynamically. Local release after single packet is supported.Solution 29 can be used with EDT and with eDRX. It is also compatible with RRC Inactive, but since both RRC Inactive and Solution 29 benefit from omitting the RRC Connection establishment, they are partially optimising the same radio interface procedures. Solution 29 can support DL data, but the efficiency gain is lower than in the UL direction.

Summary: Only UP nodes are needed for UL data, stateless RAN, low signalling load, Shared N3 tunnel, UP QoS concept, HLcom and overload control are re-used
Solution 36 addresses the use of RRC Inactive for frequent small data transmission. SMF sends Frequent Small Data Information to RAN in order to assist the RAN decision whether to send the UE to RRC Inactive state. The Frequent Small Data Information includes small data indication, communication pattern, etc. UE resume request is extended to include small data indication which the NG-RAN can use to decide upon N3 path switching. 
Observations: Frequent Small Data Information from SMF to RAN, Small Data type added to RRC Resume request.
Solution 41 addresses the use of eDRX together with RRC Inactive by re-using the existing procedures for the AMF to pass the NAS negotiated eDRX value to RAN, and RAN configuring eDRX cycle and using RRC Inactive when applicable, taking into account also the RRC Inactive Assistance Information received from the AMF. The exception that is made in this solution is that if the RAN chooses to use eDRX in RRC Inactive state, then the RAN node is responsible for DL data buffering. This limits the practical eDRX cycle during RRC Inactive to NAS re-transmission timers to avoid NAS detecting failures in DL data transmission. 
Observations: Re-use of existing eDRX procedures, but with short eDRX cycles if also RRC Inactive is used.
Solution 6 applies on Key issue 1 and Key Issue 2. UL packets are sent using Shared N3 tunnel towards proxy that is pre-configured in the AN context maintained by RAN. Shared N3 tunnel can be used between UPF and RAN for the UEs that are being served by the same RAN node. UP security is used between UE and UPF. The method can be used with eDRX, Solution 7 can be used with EDT or using the normal RRC Connection establishment for UL data. Solution 7 can support DL data, but the efficiency gain is lower than in the UL direction.

Observations: Only UP nodes are needed for UL data, low signalling load, shared N3 tunnel, UP QoS concept, HLcom and overload control are re-used
Solution 19 involves CP CN entities AMF and SMF in the UL transmission. Suspend and resume were good improvements in CIoT EPS optimisations, but 5G supports RRC Inactive, which reduces the usefulness of another parallel method for the UE context to be suspended for possible resume later. 
Solutions 36 adds UE behavioural parameters provided by SMF to guide the NG-RAN to use RRC Inactive for frequent small data UEs in order to minimize the RAN-CN signalling load for UEs that have mobility within a RAN Notification Area.
41 address the interaction between eDRX and RRC Inactive state. Solution 41 re-uses the existing procedures with short eDRX cycle values and it requires no SMF involvement in determining suitable combination of RRC Inactive and eDRX cycle. 
Solutions 5, 6 and 29 together document the following valuable benefits:

· optimised UL signalling without touching the CN CP nodes,
· shared N3 tunnel,
· UL data does not create state in RAN. 
Different combinations of these aspects are visible in all three solutions, but Solution 29 is the simplest starting point for further work as it contains all these main benefits. Candidate solution 6 defines an interface between UPF and NEF, but Solutions 5, 19 and 29 depend on some other solution providing T8 API via NEF. UPF – NEF interface is documented as a standalone solution 35.  
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