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Abstract of the contribution: This contribution discusses the need for new procedures to support the RRC Inactive state.

Introduction

It is agreed to introduce in 5G System a new RRC Inactive state that requires new procedures that should be documented in the SA2 specifications.

Discussion

The RRC Inactive state is based on:
· At transition from RRC_CONNECTED to RRC_INACTIVE storing the UE Context in the RAN and in the UE 

· While in RRC_INACTIVE keeping the N2 UE connection and N3 user plane resources established

· The UE CM state in the UE and in the AMF is CM-CONNECTED

· The stored UE Context data is used to fast resume the RRC connection and enter RRC_CONNECTED state

This above requires a new RRC procedure referred here as ‘Connection Suspend procedure’ supporting a RRC_CONNECTED to RRC_INACTIVE state transition and a new procedure referred here as ‘Connection Resume procedure’ required for a transition from RRC_INACTIVE to RRC_CONNECTED state.

Given that a UE in RRC_INACTIVE state behaves as UE in RRC_IDLE state, RAN is unaware of e.g. UE location on a cell level as in case of RRC_CONNECTED state neither can it communicate with the without an RRC procedure first. On the other hand, the CN traditionally developed functionality and features assuming awareness and an alignment of the UE states, hence the AMF shall be aware of the UE state transitions.

Proposal 1: Two new procedures are needed to support RRC_CONNECTED to RRC_INACTIVE (Connection Suspend) and RRC_INACTIVE to RRC_CONNECTED state transition (Connection Resume) where RAN notifies the AMF about the RRC state of the UE. Both procedures shall be documented in the TS 23.502.
The transition from RRC_INACTIVE to RRC_CONNECTED state may take place at the same old serving RAN node where the UE Context is stored or at a different, new serving RAN node. In the latter case the UE Context must be retrieved from the old serving RAN node where it is currently stored. There are two scenarios:

1. The new serving RAN node has an established Xn interface with the old serving RAN node.

2. The new serving RAN node does not have an established Xn interface with the old serving RAN node.

In scenario 1. the new serving RAN node retrieves the UE Context by means of a new procedure referred here as ‘UE Context Retrieval via the radio access network’. Furthermore, if the Resume procedure was triggered by paging from the old serving RAN node, the data that triggered paging buffered at old serving RAN node must also be forwarded to the new serving RAN node.
Proposal 2: A new procedure for a UE Context retrieval via the radio access network, i.e. via the Xn interface shall be introduced and documented in TS 23.502. This procedure shall also support data forwarding. 

In scenario 2. the new serving RAN nodes retrieves the UE Context by means of control plane signalling via the AMF. Any AMF in the pool the RAN is connected to can be chosen. The AMF uses the old serving RAN node ID included in the Resume ID provided by the UE at Connection Resume procedure to identify and request the UE Context transfer from the old serving RAN node. Furthermore, if the Resume procedure was triggered by paging from the old serving RAN node, the data that triggered paging buffered at old serving RAN node must also be forwarded to the new serving RAN node. This is achieved by providing the ‘Downlink forwarding address’ from the new serving RAN node to the old serving RAN node.

 Proposal 3: A new procedure for a UE Context retrieval via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502. This procedure shall also support data forwarding by means of providing the ‘DL data forwarding address’ allocated by the new serving RAN node to the old service RAN node. 

The RRC_INACTIVE properties state shall meet the following objectives:

TR 38.804:

A UE in RRC_INACTIVE should incur minimum signalling to fulfil the control latency requirement [16] and minimise power consumption comparable to LTE RRC_IDLE and resource costs in the RAN/CN making it possible to maximise the number of UEs utilising and benefiting from this state. On the other hand, RRC states with significantly overlapping characteristics should be avoided and the number of network identifiers should be minimised.

TR 23.799:

RAN WG2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state.
The latency objective is met by the fact that the signalling to setup the N1, N2 and N3 associations and resources is eliminated.

The objective concerning minimisation of power consumption and resource costs is met by using UE’s Registration Area as its RAN Paging Area where no additional signalling from UE RAN Paging Area updates within its Registration Area will be induced.

RAN WG2 agreed to introduce the ‘RAN Paging Area’ where it is assumed that it will be aligned with the LC agreement where that area can be configured in the UE by RAN as a:

· List of cells

· TA List

Hence configuring the RAN Paging Area of the same size as UE’s Registration Area rather than opting for a smaller ‘cell list based’ RAN Paging Areas limited by Xn availability, has the benefit of keeping the signalling overhead and UE battery lifetime while in RRC_INACTIVE state on par with the CM-IDLE state as documented as an objective by SA2 in the TR 23.799. 

Using the Registration Area (TA List) implies that the RAN Paging Area can reach outside of the Xn connectivity of the old serving RAN node. Hence RAN Paging shall not be limited by Xn connectivity. To overcome the Xn connectivity limitation at RAN Paging, the proposed solution is to introduce a new procedure, RAN Paging relay via the 5GC procedure. In this procedure old serving RAN sends the N2 Paging message to the AMF and requests the serving AMF to relay the N2 Paging message to the relevant RAN nodes that are in the UE’s Registration Area. RAN provides in the Paging Relay Request UE’s Registration Area assumed to be known in the RAN to ensure that RAN, when paging via Xn, does not page outside UE’s registration area.

Proposal 4: A new procedure for a RAN Paging Relay via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502. This procedure shall also support data forwarding by means of providing the ‘DL data forwarding address’ allocated by the new serving RAN node to the old service RAN node.
Conclusions
This contribution discussed the properties of the RRC Inactive state and proposes new procedures to accommodate these. Following proposals are made:

Proposal 1: Two new procedures are needed to support RRC_CONNECTED to RRC_INACTIVE (Connection Suspend) and RRC_INACTIVE to RRC_CONNECTED state transition (Connection Resume) where RAN notifies the AMF about the RRC state of the UE. Both procedures shall be documented in the TS 23.502.

Proposal 2: A new procedure for a UE Context retrieval via the radio access network, i.e. via the Xn interface shall be introduced and documented in TS 23.502. This procedure shall also support data forwarding. 

Proposal 3: A new procedure for a UE Context retrieval via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502. This procedure shall also support data forwarding by means of providing the ‘DL data forwarding address’ allocated by the new serving RAN node to the old service RAN node. 

Proposal 4: A new procedure for a RAN Paging Relay via the 5GC, i.e. via the N2 interface shall be introduced and documented in TS 23.502. This procedure shall also support data forwarding by means of providing the ‘DL data forwarding address’ allocated by the new serving RAN node to the old service RAN node.
It is proposed to introduce these new procedures into the TS 23.502 specification as contributed in S2-172300.
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