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Introduction
In this document, we discuss how to design RAN controlled state for Standalone NR.
Discussion
In RAN2#94, the followings were agreed:

Agreements

=>
UE has a single RRC state machine based on the master, and single control plane connection to CN

=>
Network has two RRC entities that can generate ASN.1

=>
ASN.1 generated by the secondary can be transported by the master (at least in some cases, e.g. for first configuration)

Agreements:

1
Study the introduction of a RAN controlled “state” characterised by, at least:

a/ -
UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state

b/
Able to start data transfer with low delay (as required by RAN requirements)

FFS whether data transfer is by leaving the "state" or data transfer can occur within the " state"

FFS whether " state" translates to an RRC state

Potential characteristics of the RAN controlled “state” for study:


a/ the CN/RAN connection is maintained


b/ AS context stored in RAN


c/ Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.


d/ RAN can trigger paging of UEs which are in the RAN controlled "inactive state"


e/ No dedicated resources

In the agreement 1a), three aspects were taken into account for design of the RAN controlled state:

1. minimum signalling
2. minimise power consumption
3. minimise resource costs in the RAN/CN
4. data transfer with low delay
First of all, minimum signalling can be easily achieved in RRC_IDLE where UE camps on a cell and performs cell reselection without signalling exchange with eNB. Meanwhile, RRC_CONNECTED requires relatively frequent signalling exchange e.g. due to measurement report and handover. Thus, in terms of minimum signalling, RRC_IDLE seems better than RRC_CONNECTED e.g. because cell reselection is used for mobility and there is no dedicated resources.
Observation 1: In terms of mobility signalling, RRC_IDLE is currently better than RRC_CONNECTED because cell reselection is used for mobility and there is no dedicated resources.
Secondly, minimum power consumption can be well achieved in RRC_IDLE where UE performs paging DRX with optional extended DRX. Minimise power consumption can be also achieved in RRC_CONNECTED where UE can perform long DRX. However, in RRC_CONNECTED, extended DRX is not supported.
Observation 2: In terms of power consumption, RRC_IDLE seems slightly better than RRC_CONNECTED. However, UE can also save power consumption in RRC_CONNECTED with long DRX.
Thirdly, regarding minimum resource costs in the RAN/CN, whenever UE in RRC_IDLE detects UL data or DL paging, UE has to establish RRC connection and S1 connection. Such establishment procedures will require resource costs in RAN/CN. Thus, if UE has data transmissions intermittently, it seems better to keep this UE in RRC_CONNECTED but in non-synchronous state (i.e. when UL synchronisation status is "non-synchronised"). When UL data is detected, UE in non-synchronous state performs random access. In addition, when DL data arrives, UE in non-synchronous state performs random access upon receiving PDCCH.
Observation 3: If UE is in RRC_IDLE, initial data transmission consumes some RAN/CN resources due to initial setup of RRC/S1 connection. Meanwhile, if UE is kept in RRC_CONNECTED but in non-synchronous state (i.e. when UL synchronisation status is "non-synchronised"), initial data transmission consumes relatively minimum RAN/CN resources by avoiding initial setup of RRC/S1 connection.
In the meantime, while in RRC_CONNECTED, whenever a serving cell changes, a UE consumes RAN/CN resources due to eNB controlled handover which requires radio interface signalling and network interface signalling. However, while in RRC_IDLE, whenever a serving cell changes, a UE does not consume RAN/CN resources except the case where TAU occurs.
Observation 4: Mobility of UE in RRC_CONNECTED consumes some RAN/CN resources due to eNB controlled mobility while mobility of UE in RRC_IDLE consumes minimum RAN/CN resources.
As we know, RAN can only loosely control UE in RRC_IDLE by signalling system information e.g. related to cell reselection. Meanwhile, RAN can tightly control UE in RRC_CONNECTED because UE context exists in RAN. One of the benefits of tight RAN control seems that since RAN has UE context, UE can quickly send data or receive data without context setup over S1. This benefit seems important for data transmission with low latency.
Observation 5: Data transmission with low latency can be easily achieved with tight RAN control in RRC_CONNECTED.

Considering the observations above, we have two directions for a RAN controlled state in standalone NR:
Alternative 1: Enhanced RRC_IDLE state
The enhanced RRC_IDLE is characterized by:
· Cell reselection 

· Paging DRX 

· Maintenance of S1 connection and AS context at RAN (i.e. ECM_CONNECTED)
· RAN Area Update (similar to URA)

· RAN paging

With this alternative, there are two RRC states: Enhanced RRC_IDLE and RRC_CONNECTED (similar to legacy one)

Alternative 2: Enhanced RRC_CONNECTED state
The enhanced RRC_CONNECTED is characterized by:

· Cell reselection or handover, depending on NW configuration
· Long DRX or short DRX, depending on NW configuration

· Maintenance of S1 connection and AS context at RAN (i.e. ECM_CONNECTED)

· RAN Area Update (similar to URA) or cell change (i.e. handover), depending on NW configuration
· RAN paging similar to PDCCH order (i.e. UE monitors PDCCH addressed by UE specific RNT)

With this alternative, there are two RRC states: RRC_IDLE (similar to legacy one) and Enhanced RRC_CONNECTED.

Accordingly, we propose to study whether to enhance RRC_IDLE or RRC_CONNECTED as a RAN controlled state for standalone NR.
Proposal 1: whether to enhance RRC_IDLE or RRC_CONNECTED as a RAN controlled state is studied for standalone NR.
It is worth noting that RAN2 specified two RRC states in E-UTRAN compared to four RRC states in UTRAN. One of the motivation is that support of four RRC states increases complexity. The existing two states, i.e. RRC_CONNECTED and RRC_IDLE are well optimized for different use cases in E-UTRAN. Suspend/resume functionality was also implemented not by explicitly introducing a new state. 
Proposal 2: The RAN controlled state is considered as either enhanced RRC_IDLE or enhanced RRC_CONNECTED. The state is not considered as a new RRC state, but melted in either RRC_IDLE or RRC_CONNECTED.
It is FFS whether data transfer is done by leaving the "state" or data transfer can occur within the "state". We think that if data transfer can be done only by leaving a state, state transition (i.e. including leaving an old state and entering a new state) will cause some delay before actual data transfer. Namely, data transfer should be done in any state including the RAN controlled state.
Proposal 3: Data transfer should be possible in any state including the RAN controlled state.
One common aspect among different alternatives above is to support UE centric mobility and monitor paging. UE centric mobility based on cell reselection will reduce radio signaling exchange in UE mobility. In addition, RAN area update will be beneficial in terms of network resource cost, because network singling exchange can be reduced for UE with intermittent traffic. To enable RAN area update, we think that UE should monitor RAN paging in the RAN controlled state. 
Note that we assume that UE performs UE centric mobility and RAN area update depending on NW configuration. If NW configures cell reselection e.g. by configuring a list of cells or a RAN area, UE performs cell reselection in the RAN controlled state for the listed cells or for the RAN area. If NW configures RAN controlled handover, UE performs handover under RAN command.
Proposal 4: If configured, UE performs UE centric mobility and RAN area update in the RAN controlled state. Otherwise, UE performs RAN controlled mobility i.e. handover in the RAN controlled state.

Proposal 5: UE monitors paging while in the RAN controlled state. 
Conclusion

In conclusion, we propose the followings for standalone NR:
Proposal 1: whether to enhance RRC_IDLE or RRC_CONNECTED as a RAN controlled state is studied for standalone NR.
Proposal 2: The RAN controlled state is considered as either enhanced RRC_IDLE or enhanced RRC_CONNECTED. The state is not considered as a new RRC state, but melted in either RRC_IDLE or RRC_CONNECTED.

Proposal 3: Data transfer should be possible in any state including the RAN controlled state.
Proposal 4: If configured, UE performs UE centric mobility and RAN area update in the RAN controlled state. Otherwise, UE performs RAN controlled mobility i.e. handover in the RAN controlled state.
Proposal 5: UE monitors paging while in the RAN controlled state.[image: image1.png]
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