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Discussion and Decision
1. Introduction
RAN2 has been discussing NR control plane aspects and progressing the RRC state discussion which is the major issue for specifying UE behaviour. During the discussion, it was decided to introduce ‘new state’ in RRC states for signaling reduction and battery saving. The paper tries to clarify RRC states and state transition mechanism focusing on UE behaviour in ‘new state’ for data transmission.

2. Discussions
In the previous meeting, RAN2 has captured the following agreements related to RRC states for NR. Comparing with LTE idle state, UE is managed by RAN and maintains connection between RAN and CN in the new state:
Agreement (RAN2 #95bis)
1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”.
FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.

FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.).
4 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed.
This paper tries to clarify detailed NR RRC states and state transition mechanisms focusing on data transmission as RAN2 decided to study data transmission in the new state.
2.1 NR RRC states

Based on the RAN2 agreements, we could assume RRC states include at least ‘full connected state’ and ‘new state’. Full connected state would use the similar mechanism with RRC_CONNECTED state, so UE maintains connection with eNB. UE performs operation mainly for efficient data communication between UE and eNB. For example, radio channel monitoring, measurement reporting, and radio link management procedures are performed continuously.
New state would be focusing on the reduction of power consumption and resource costs. So, the UE behaviour is similar to RRC_IDLE state as paging monitoring and UE controlled mobility are main operations in the state. On the contrary, to reduce signalling overhead and latency, RAN maintains connection between RAN and CN and UE mobility is controlled by RAN. In addition, NR idle state would be much like RRC_IDLE, hence connection between RAN and CN doesn’t maintained.
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 new 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:

	· Full 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.

· New 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 the 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 directly moves to new state
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Figure. NR RRC States




Whether we support the transition between idle and new 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 new state. The state transition event 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 but it can be updated when a UE tries to move to connected state to request data.

Proposal 1. eNB configures whether UE transit to idle state or new state from full connected state. 

Proposal 2. Direct transition from idle to new state is not allowed.

2.2 Data transmission in new state

During the RAN2 discussion, supporting of data transmission in the new state is proposed and an e-mail discussion was performed to clarify and compare the procedure. The main use case for the data transmission is sending short uplink data for mMTC devices with reduced latency. It could avoid signalling overhead and complicated resource control which are mandatory features for continuous data transmission. 
To support short data transmission in the new state, we need to consider a lightweight mechanism to reduce power consumption and resource reservation. As UE maintains connection with eNB in the new state, additional RRC signalling would not be needed and two approaches could be considered as follows:
a) Using RACH procedure: for short data transmission, UE performs RACH procedure. It uses preamble and RAR for uplink synchronization and UL grant. Data transmission is accomplished by using non-contention based data channels similar to Msg.3 and HARQ feedback is supported for reliable transmission.  
b) Using a new procedure: for short data transmission, contention-based/grant-free procedure is introduced. It uses a new common channel for UL data transmission and UE selects the resource by using contention-based mechanism.
Our view is that using RACH procedure would support reliable transmission of UL short data without complexity. In addition, RACH procedure could easily provide UL synchronization, power ramping, and beam management. Therefore, we propose to support short UL data transmission in the new state by using RACH procedure with minimum enhancements for higher frequency bands.

Proposal 3. UE uses RACH procedure to transmit short UL data in the new state.

3. Conclusion
The paper has clarified protocol states and state transition procedure for high frequency NR systems and suggested the following proposals:

Proposal 1. eNB configures whether UE transit to idle state or new state from full connected state. 

Proposal 2. Direct transition from idle to new state is not allowed.

Proposal 3. UE uses RACH procedure to transmit short UL data in the new state.
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