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Abstract of the contribution: Detailed evaluation of certain key aspects of the proposed solutions
Background
A detailed evaluation that compares key aspects of the solutions and how they relate to RRC-Inactive as specified in rel-15 is important. Furthermore, features that was designed for long eDRX in CM-idle needs to be discussed and how the different solutions address these. 
Proposal

Capture the following evaluation in the TR
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7.x
Key Aspects
7.x.1 Overview
RRC-Inactive/CM-Connected was specified in Rel-15 as a new efficient state for 5G UEs. The key benefits for RRC-Inactive/CM-Connected compared to RRC-Idle/CM-Idle are the following:
· UE can resume the AS connection without performing e.g. AS security setup, and save several RRC message interactions between the UE and RAN.
· There is no RAN and CN interaction when the UE change state RRC-Inactive to/from RRC-Connected, if not required.

· User plane reconfiguration is not needed
The area in which the UE move around in without the UE needs to perform Update due to mobility maybe much smaller than compared to RRC-Idle. In RRC-Inactive the area is defined by the Radio Notification Area (RNA) consisting of a set of RAN nodes. In RRC-Idle then the area is the whole Registered Area (RA) consisting of a set of Tracking Areas. This may result in more frequent Updates due to mobility.
7.x.2 Buffering of Downlink data
Two methods of buffering are proposed in the solutions with the main difference being DL data buffering in RAN or in the CN. Solution 2 and solution 5 allow buffering of the DL data in RAN. Solutions 1, 3, 4, 5 and 6 allows DL data in the Core Network either in the SMF or UPF in RRC_INACATIVE state.
7.x.2.1 Core Network DL data buffering

To enable DL data buffering in the Core Network, the RAN needs to signal to the AMF that the UE has changed its RRC state to RRC-Inactive with long eDRX. This initial N2 message will trigger the communication among CN NFs i.e. the AMF uses the Nsmf_PDUSession_UpdateSMContext Request to trigger the SMF to start the modification procedure towards UPF. Solution 4 and 6 ends these steps after the N2 response from the AMF to the RAN which allows the RAN to release the UE to RRC-Inactive. Solution 1 and 3 performs these steps either after the UE is released or in parallel to that the UE is released. For solution 1 and 3 there is a risk that DL data can be forwarded to RAN after the UE is released which means that this DL data needs to be buffered in RAN or discarded by RAN.
The UE CM state in the AMF after this indication from RAN differs. Solutions 1, 3 and 5 leave the AMF in CM-CONNECTED state, the AMF knows that the UE is not reachable due to long eDRX and can apply the same procedures specified for UE that is unreachable in CM-IDLE state. Solution 4 moves the AMF to CM-IDLE with RRC-Inactive where selected CM-IDLE state procedures are applicable. Solution 6 moves the AMF to new substate of CM-CONNECTED state where the AMF can apply the same procedures specified for UE that is unreachable in CM-IDLE state. Solution 2 can move the UE to CM-IDLE based on a RANs decision and allow the CN to buffer using the existing procedures, however the UE is no longer in RRC_Inactive.
The advantage of DL data buffering in UPF/SMF is that it has already been specified for 5G-CIoT devices. It is expected that the existing HLcom mechanism can be re-used for extended CN buffering. 
The negative side is that enabling CN buffering would require RAN/CN interaction, exchanging 5- 6 messages every time the UE change RRC state from RRC-Connected to RRC-Inactive and 6 more messages every time the UE resumes to RRC-Connected. This RAN/CN signalling is independent of whether or not any DL data was sent to the UE.
7.x.2.2 RAN DL data buffering

RAN is specified from rel-15 to buffer DL data when the UE is released to RRC-Inactive.
The advantage of having the DL data buffering in RAN is that this is legacy behaviour for a UE in RRC-Inactive. There is no RAN/CN interaction when the UE change RRC state between RRC-Connected – RRC-Inactive – RRC-Connected. Thus, extending this capability means extending the buffering capacity of RAN. Furthermore, Solution 2 allows a deployment where RAN decides whether to support extended buffering or not. If the RAN chooses to not support extended buffering, then CN buffering (HLcom) is used instead by releasing the UE to CM-IDLE state. In that case, the RAN informs the AMF. 
The negative side with RAN buffering for a UE in RRC-Inactive is that legacy buffering is only for typically around 1.28 or 2.56s, which now will be extended to a much longer time. This may affect the accumulated amount of data to be buffered. 
7.x.3 Mobile Terminated signalling

7.x.3.1 AMF aware of RRC-Inactive with long eDRX

Solution 1, 3 and 6 makes the AMF aware of the non-reachability in CM-Connected by the N2 message sent from RAN when the UE is released to RRC-Inactive with long eDRX. This allows the AMF to schedule DL NAS message considering the UE power save state in RAN. Solutions 1 and 3 expect the AMF to run a subset of idle mode procedures in CM-CONNECTED state. Solution 6 uses new CM-state in the AMF to run a subset of CM-IDLE state procedures in that new state. 
Solution 4 allows the same behaviour but avoids violating CM-CONNECTED state design principles in the AMF by introducing a new state combination RRC-Inactive/CM-IDLE with behaviour that is a subset of the AMF CM-IDLE behaviour. 
Solution 5 allows the same indication to be issued by the RAN only on event driven basis if there is DL NAS message towards the UE in long eDRX. The advantage of this approach is that if eDRX is configured for a UE and the RAN does not receive DL NAS message for the UE, then the AMF will never be aware that the UE is using long eDRX power saving. 
7.x.3.2 AMF unaware of RRC-Inactive with long eDRX
In Solution 2 and 5 the AMF is unaware of that the UE is in RRC-Inactive state and may not be reachable for a DL NAS message. That may result in that the DL NAS message is sent towards the UE at a timing when the UE will not monitor POs until the NAS retransmission timer expires.
To handle this, solution 5 proposes that RAN sends a notification as a response to the DL NAS message informing the AMF about the UE power save. This is the event discussed in 7.x.2.1. The AMF may try again once the UE is reachable again. The UE remains in RRC-Inactive/CM-Connected state in the network. 

To handle the above situation, solution 2 reuses the legacy RAN paging failure and RAN initiate the AN release procedure. The negative effect with using the RAN paging failure is that the UE is moved to CM-Idle in the CN and RRC-Idle in RAN, but the UE is still locally in RRC-Inactive/CM-Connected. When the UE tries to resume the RRC connection it will be rejected, and the UE will need to perform RRC establishment procedure followed by NAS Service Request if the UE has UL data to transmit.
7.x.4 UE mobility outside RNA without Xn reference point.

The UE will wake-up after the long eDRX and search for a suitable cell and resynchronize to the network. This will be done prior to the PTW. When the UE detects that it is outside the RNA it will perform RNA update due to mobility and the new RAN node will try to fetch the UE context based on the I-RNTI. If there is no Xn and the RAN node is unable to fetch the UE context the RAN node will reject the RRC Resume (RNAU) and the UE is moved to RRC-Idle. RAN does not inform the AMF about this. The UE will need to perform RRC establishment procedure followed by NAS Service Request if the UE has UL data to transmit. This is legacy behaviour and applies to all solutions.

For solutions 4 and 6 the above does not affect the handling of the buffered DL data as the DL data is buffered in the CN and the CN can use legacy CN paging after the initial RAN based paging in the old RAN node failed. Typically, the same applies to solution 1 and 3.
Solutions 1, 2, 3 and 5 may have buffered DL data in the old RAN node and this data will be lost if nothing is done to forward the data to the new RAN node. Solution 1 proposes that the handling of the buffered DL data is done based on implementation. Solution 2 and 3 propose to specify CN assisted UE context/DL data forwarding from the old RAN node to the new RAN node.
7.x.5 High Latency Communication with RRC-Inactive
In solution 1, 3, 4 and 6, RAN informs the AMF and triggers CN buffering every time the UE is released to RRC-Inactive with long eDRX, These solutions can support the specified HLcom features in 23.501 [2] clause 5.31.8 depending on if the extended buffering is done in the SMF or UPF. To support Downlink Data Delivery Status then the buffering needs to be done in the SMF. To support of UE Reachability and Availability after DDN failure notification buffering in the UPF is enough.
Solution 2 and 5, that do not inform the AMF when the UE is released to RRC-Inactive, do not support the HLcom features as defined in 23.501 [2] clause 5.31.8 when the UE is in CM-Connected. 
UE reachability notification can be supported even if the AMF is not informed about UE RRC state change. A solution that is based on that the AMF is aware of the negotiated long eDRX for CM-IDLE is described in Solution #x: in clause 6.x.
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