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1 Introduction

This document analyses the candidate solutions 5, 7, 19, 29, 36 and 41. Technical analysis and observations are based on SA2 #129bis input document S2-1812329 and the solution evaluation part of S2-1811697.  
The proposed clause 7 update summarizes the key characteristics of each of those solutions, expecting that the final conclusions in clause 8 are presented in a separate document.

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


7.2.1
Overview
Solution 5 proposes to send MO small data together with an indication of the target UPF and the UL-TEID to the RAN, which in turn forwards the data to that UPF. Security is provided by a per PDU session security association between UE and UPF, i.e. AS security is not used. For MT data a procedure similar to paging in CM-IDLE state is used. The solution impacts both RAN and CN to support the fast-path model; the UE is impacted due to the need to additionally support a per PDU session security association with the UPF. Solution 5 can be used with Early Data Transfer (EDT) and eDRX. It is also compatible with RRC Inactive.
Solution 7 proposes two aspects: 
1.
Extend RRC Inactive as specified in Rel-15 by support for early data 
2.
Re-building CM-IDLE state and related HLCom functionality in CM-CONNECTED state with RRC Inactive to support eDRX with long sleep cycles in RRC-Inactive 
Supporting early data for RRC-Inactive has only very limited system impact (UE, RAN and AMF). In contrast to this, RAN and CN impact to support long sleep cycles in RRC Inactive is significant (due to the need to make AMF, SMF and UPF aware about the unreachability of the UE to make the CN behave as if the UE was in CM-IDLE state while the UE is actually in CM-CONNECTED state).
Solution 19 proposes to introduce RRC Connection suspend and resume procedures similar to User Plane CIoT EPS Optimization. The solution bypasses Service Request procedure, based on RAN maintaining the AS context of the suspended UE. In comparison to EPS UP optimization an additional enhancement has been proposed: avoiding to fully resume the RRC connection if the UE sends a single UL packet only (indicated by AS Release Assistance Indication). As the UE is in CM-IDLE state when its RRC connection has been suspended, the solution can be easily combined with eDRX with long sleep cycles and the related HLCom mechanisms for CM-IDLE. The solution has limited impact to UE, RAN and CN.
Solution 29 proposes to send UL small data together with UPF CL Service information (UCLSI) to the RAN. The RAN in turn looks up the target UPF by performing a DNS look-up using the UCLSI and forwards the data to the UPF using a shared N3 tunnel for UEs that are served by the same NR node. To identity the UE and PDU session the small data belongs to within the shared tunnel, the UCLSI is included as additional header information. For MT data the UPF keeps track of the last known RAN node serving a UE. Until a UE Location Freshness Timer expires, the UPF sends DL data to this last known RAN node. If the UE is not reachable in this last known RAN node, the DL data will be dropped, and the UE will be paged to determine its new serving RAN node. Solution 29 can be used with EDT and eDRX. It is also compatible with RRC Inactive.
Solution 36 proposes to leverage RRC Inactive with two enhancements for frequent small data: 
1. Enable the RAN to avoid switching the N3 tunnel to the new RAN node by establishing a data forwarding tunnel between old and new RAN nodes

2. Enable removing UP resources locally in the RAN, i.e. without paging the UE, in case of CN-initiated PDU session deactivation when the UE is in RRC Inactive. 
While (1) only impacts the RAN, (2) also impacts the AMF.
Frequent Small Data Information including small data indication, Communication Pattern, etc. is sent to RAN in order to assist the RAN decision whether to send the UE to RRC Inactive state. UE resume request is extended to include small data indication which the NG-RAN can use to decide upon N3 path switching. 

Solution 41 illustrates how RRC Inactive as defined in Rel-15 can be combined with 5G UP optimization (see solution 19 above) and eDRX to efficiently support bursty frequent small data. The interoperability between RRC Inactive and eDRX is achieved via using short eDRX cycles in RRC Inactive. The solution re-uses 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. If RAN chooses to use eDRX in RRC Inactive state, then the RAN node is responsible for DL data buffering. 
7.2.2
Enhancements of existing procedures
RRC Inactive, eDRX, and EDT are already existing signalling optimisations, and even higher optimisation can be achieved by combining them. RRC Inactive can be enhanced further with EDT and eDRX. The feasibility of avoiding N3 tunnel switching by data forwarding would still need to be verified with RAN3. 
RRC Inactive, specifically when combined with the foreseen enhancements is already a significant improvement over the EPS capabilities, and consequently the 5G User Plane improvements need to be weighed against RRC Inactive. 

However, to efficiently address bursty frequent small data scenarios, i.e. scenarios where frequent small data occurs in bursts with significantly long silence periods in-between the bursts, solutions are required to enable UE power saving during those silence periods. Since long eDRX cycles cannot be supported efficiently in CM-CONNECTED with RRC Inactive the UE should be moved to CM-IDLE in order to leverage long eDRX sleep cycles. 
To reduce over-the-air signaling when the UE sends small data from CM-IDLE, the subsequent one-shot small data or burst of small data seems to need some User Plane optimisation among the candidate solutions documented in clause 7.2.1.
Solution 41 in turn combines 5G UP optimization with RRC Inactive to jointly ensure that bursty frequent small data can be sent with minimal signaling overhead while extended DRX sleep cycles ranging from a few seconds to hours can be supported without causing significant system impacts
7.2.3
Optimised UP data solutions
Solutions 5 and 29 can be used together with RRC Inactive, but since all these are optimising the RRC Connection establishment, some of the radio interface benefits of the proposed UP solutions are already available via RRC Inactive. Consequently, RRC Inactive and EDT can offer comparable optimisations at the radio interface. 
Solutions 5 and 29 can be used with EDT and eDRX. 
The proposed UP optimisations are characterized by the following aspects: 

1. Shared N3 tunnel
2. User Plane data does not require CN overload protection that is needed for Control Plane data
3. User plane QoS and HLCom concepts can be re-used
These capabilities need to be weighed against the additional complexity caused by the solutions. 
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