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1. Introduction
The discussion on new radio systems was started in RAN2 #93bis and control plane aspects were handled during RAN2 meetings. Related to the aspects, RRC states was discussed and some agreements were captured in the meeting report. The paper tries to clarify the RRC states which will be added to the NR RRC state machine.

2. Discussions
At the last RAN2 meeting, RAN2 has discussed RRC states for NR and reached to the following agreements:

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

This paper clarifies detailed RRC states and state transition mechanisms and also expresses our views on further discussion issues.
2.1 RRC states
According to the above agreements, RAN2 decided to introduce a new RRC state for signalling reduction and power saving (we refer the new state as “RAN controlled state” for simplification). It would be good to define as a state to simplify the procedure and we could define the UE behaviour of each state as follows:  
· Idle state

· UE receives system information (including on-demand SI reception)
· UE monitors paging

· UE performs cell reselection (performs tracking area update)
· eNB doesn’t have UE context

· Connected state

· UE has a connection with eNB
· UE can transmit/receive data

· UE monitors downlink control channels
· UE reports channel quality information

· UE performs RLM
· DRX (short/long) operation

· UL TA 

· UL beamforming

· RAN controlled state

· UE receives system information (including on-demand SI reception)

· UE monitors paging

· UE performs cell reselection (performs cell update)
· UE has a connection with eNB
· eNB maintains UE context

· UE cannot transmit/receive data

· UE doesn’t maintain UL TA/beamforming

Comparing with other states, a UE in RAN controlled state performs cell update to maintain a RRC connection with eNB. Data transmission may not be supported to reduce complexity since UE has to perform beamforming related operations for UL transmission.
Proposal 1. RAN controlled state is added to the RRC states.

Proposal 2. Data transmission is performed after leaving the RAN controlled state.
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Figure 1. NR RRC states

2.2 State transition

Based on the definition of the RRC states, state transition procedure can be defined by reusing the existing state transition procedure. However, we should consider enhancements to optimize UE behaviour and the enhancement would be based on UE’s usage scenario. In real deployment scenario, it may be difficult to determine whether a connected UE changes to idle state or RAN controlled state when inactivity timer is expired. So, eNB does the RRC configuration for state transition when a UE initially connected to eNB and the UE performs state transitions by following the procedure:

· Connected state: 
· eNB configures UE behaviour (state transition) based on UE’s service request.

· eNB configures UE’s inactivity timer and after the timer expires the UE changes to the configured state (idle/RRC controlled).

· RAN controlled state:
· eNB maintains UE context.

· UE enters into the connected state to transmit data (by using RACH procedure)
· UE monitors paging and eNB manages the UE at cell level.
· UE stays in RAN controlled state (no use implicit release similar to inactivity timer)
· UE performs cell reselection and location registration 

· Idle state: 
· eNB doesn’t maintain UE context.

· UE enters into the connected state by using RACH procedure

· UE cannot moves to RAN controlled state
Whether we support the transition between idle and RAN controlled states would be discussed in the meeting. For example, when an eNB determines not to maintain UE context, eNB could clear the UE from the RAN controlled state. The state transition can be delivered to the UE by paging indication, but it would be handled by lazy update mechanism. In this case, misalignment between eNB and UE may happened and it is updated when a UE tries to move to connected state to request data.
Proposal 3. eNB configures whether UE transits to idle or RAN controlled state based on service types.

Proposal 4. Direct transition between idle and RAN controlled state is not allowed.
3. Conclusion
The paper has clarified protocol states and state transition procedure for high frequency NR systems and suggested the following proposals:

Proposal 1. RAN controlled state is added to the RRC states.

Proposal 2. Data transmission is performed after leaving the RAN controlled state.

Proposal 3. eNB configures whether UE transits to idle or RAN controlled state based on service types.

Proposal 4. Direct transition between idle and RAN controlled state is not allowed.

4. References
[1] RP-160671
Study on NR New Radio Access Technology, 3GPP RAN #71, 2016.03.
[2] R2-163998
Handling of inactive UEs, Ericsson
[3] R2-163486
RRC states for Next Radio, Samsung
[image: image2.png]


[image: image3.png]


[image: image4.png]


[image: image5.png]



[image: image1]

