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1 Introduction
During the last RAN2#95 meeting, there are some agreements achieved and some open issues need to be further investigated:
· RRC states with significantly overlapping characteristics should be avoided
· At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state
· One UE has only one NR RRC state at one time

· The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
· 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
· For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another.
Further the following agreement was achieved in RAN3#93 meeting:

· In the inactive mode, the UE context is stored in RAN and UP data is buffered in RAN.

In this contribution, we will further investigate the remaining issues for RAN controlled state and make some proposals.
2 Discussion
2.1 Characteristics of RAN controlled state
RAN2 has agreed that the connection (both CP and UP) between RAN and CN should be maintained in the “new state”, in addition RAN3 agreed UE context is stored in RAN. To our understanding to maintain the connection between RAN and NG Core, similar to LTE, UE Context (e.g. security context, roaming and access restrictions, UE capability information, UE S1 signalling connection ID, CN assistance information, etc.), E-RAB context (Serving GW TEID, QoS information, Correlation id, etc) should be stored inRAN. 

Proposal 1: UE context and E-RAB context should be stored in RAN for RAN controlled state UE.

Similarly, to “forget” the AS context of a UE would mean unnecessary messages to restore the connection when the UE comes out of the RAN controlled state or has data transmission. In addition, there needs to be a context to “anchor” the CN connection, so it makes sense that the RAN and UE keep AS context for RAN controlled state. In details, the configurations of signalling and data radio bearers can be maintained in order to reduce the delay. Further which data radio bearer and what configuration of an radio bearer should be maintained can be FFS.
Proposal 2: AS context must be stored in RAN and UE for RAN controlled state. 
Proposal 3: The configurations of signalling and data radio bearers should be maintained in RAN controlled state. What configuration for an RB and which DRB should be maintained is FFS. 
Further if the above proposals can be agreed, the CN can forward UP data to the RAN at once when there is data for transmission, and then the RAN buffers the UP data for future transmission as agreed by RAN3. Currently we do not see the need to make the CN know the UE state transition between RAN controlled state and connected state. From core network perspective, RRC connected mode and RAN controlled state mean the UE is reachable, i.e. similar to LTE ECM-CONNECTED.
Proposal 4: Transitions between connected state and RAN controlled state is transparent to CN. 

In order to support mobility in RAN controlled state, the UE can change the serving cell and perform data transmission in new serving cell using the stored UE context in RAN. 
Further, in order to identify the UE, one unique UE ID should be assigned for a UE in the RAN controlled state for both DL and UL notification and the ID should be valid throughout a larger area consisting of one or a number of cells. When DL data arrives, one paging-like mechanism can be used to notify the UE using the UE ID. The network can send the paging-like broadcasting message to the UE in RAN-based notification area. More efficiently, the UE can also send a power-efficient signal for UL tracking, and then the network can know the UE’s location, for example the current serving TRP(s), based on the UE UL tracking signal. In that case the DL transmission can simply be scheduled via DCI. More details of a suitable UL tracking mechanism are introduced in contribution [1]. 
Proposal 5: One unique ID is assigned for a UE in the RAN controlled state and the ID is valid in one or a number of cells.
Proposal 6: The UE should be notified via broadcast or dedicated message based on the accuracy of UE location information, when DL data arrives in RAN controlled state.
2.2 RRC states comparison and state transition issues
In the following, we will compare those functionalities among the legacy idle state, the RAN controlled state, and the legacy RRC connected state. 
Table 1: Functionalities comparison between idle state and RAN controlled state
	Legacy idle state
	RAN controlled state
	Whether overlapped in functionality

	PLMN selection 
	Not applicable
	No

	DRX configured by NAS
	DRX configured by AS
	Here DRX mechanism is more like connected mode.

	Acquiring system information required for IDLE, e.g. cell (re)selection, etc.
	Acquiring system information required for connected mode, or including cell (re)selection, etc
	Yes (if cell (re)selection is supported)

	Cell re-selection mobility
	Mobility by uplink signal tracking or cell re-selection mobility
	Yes (if cell (re)selection is supported)

	The UE shall have been allocated an id which uniquely identifies the UE in a tracking area
	The UE shall have been allocated an id which uniquely identifies the UE in an area
	Almost yes

	Paging                                                  
	RAN “paging-like” message, or  single TRP DCI notification

	 Yes (if cell (re)selection is supported)

	No RRC context stored in the eNB
	RRC context stored in RAN
	No

	Data transmission requires RA procedure and RRC connection establishment procedure
	FFS, depending on email discussion on direct data transmission
	No


Based on the above analysis, we can see that the maintenance of UE context is one key difference. The mechanism of mobility related could be another if cell (re)selection is not supported. In addition, PLMN selection is also different although it can be seen as one transient state upon “power on”. 
The benefit of RAN controlled state compared with IDLE is that it can achieve low latency of data transmission without additional UE power consumption, and additional signalling load. 
Therefore we propose
Proposal 7: The NR RAN-controlled state is separate from the NR idle state.
Further, for RAN controlled state and the legacy RRC connected state, we further compared them in the table 2. 
Table 2: Functionalities comparison between RRC connected state and RAN controlled state
	RRC connected state
	RAN controlled state
	Whether overlapped in functionality

	UE has an RRC connection
	UE has an RRC connection
	Yes

	UE has context stored in RAN
	UE has context stored in RAN
	Yes

	RAN knows the cell (TRP) which the UE belongs to
	RAN knows the cell (TRP) which the UE belongs to; 
	Yes (but the supported technique is different, and hence UE power consumption is low in RAN controlled state)

	Network controlled mobility
	Mobility by uplink signal tracking or cell re-selection mobility
	No (if cell re-selection mobility is supported)

	Network can transmit and/or receive data to/from UE
	Depending on email discussion on data transmission 
	FFS

	Neighbour cell measurements
                                   
	Uplink measurements by network, supplemented by reduced UE measurements;
	No, depending on amount of reduction in UE downlink measurements

	CSI reporting
	No
	No

	DRX period can be configured according to UE activity level for UE power saving and efficient resource utilization. This is under control of the eNB.
	DRX period can be configured according to UE activity level for UE power saving and efficient resource utilization. This is under control of the eNB.
	Yes


Based on the above comparison, the main difference includes mobility, resource configuration, and limits on data transmission which could be considered as an aspect of the resource configuration. In fact, when the UE performs data transmission in RAN controlled state, the network has been able to know the cell which the UE belongs to, and the network can also control UE mobility management. Therefore when the UE begins data transmission in RAN controlled state, this is equivalent to the UE has entered the connected state except for the difference of resource achieving method. 
Observation 1: When the UE begins data transmission in RAN controlled state, the major difference between RAN controlled state and connected state is the resource achieving mechanism and possible different measurement mechanism.
Further, if some devices can work without dedicated resource allocation, and exchanging only data that meets the constraints for RAN controlled operation, these devices are not required to support whole connected state and enter the legacy RRC connected state. It is beneficial from UE power consumption, and signalling reduction perspectives. Therefore we propose:
Proposal 8: The NR RAN controlled state is separate from the NR connected state.
Based on above discussion, we see the clear difference between RAN controlled state and legacy RRC IDLE and RRC connected mode. Therefore a new RRC state should be introduced for RAN controlled state. Since the main benefits of this new state are that it can achieve low latency of data transmission without introducing additional UE power consumption, and additional signalling load, we would prefer to name it as for example energy conserved operation (ECO) state. 
Proposal 9: The NR RAN-controlled state is an RRC state; a possible name could be energy conserved operation (ECO) state.
3 Conclusion

In this contribution, we investigated the RAN controlled state in NR and have the following proposals and observations. 
Proposal 1: UE context and E-RAB context should be stored in RAN for RAN controlled state UE.

Proposal 2: AS context must be stored in RAN and UE for RAN controlled state. 
Proposal 3: The configurations of signalling and data radio bearers should be maintained in RAN controlled state. What configuration for an RB and which DRB should be maintained is FFS. 
Proposal 4: Transitions between connected state and RAN controlled state is transparent to CN. 

Proposal 5: One unique ID is assigned for a UE in the RAN controlled state and the ID is valid in one or a number of cells.

Proposal 6: The UE should be notified via broadcast or dedicated message based on the accuracy of UE location information, when DL data arrives in RAN controlled state.
Proposal 7: The NR RAN-controlled state is separate from the NR idle state.
Observation 1: When the UE begins data transmission in RAN controlled state, the major difference between RAN controlled state and connected state is the resource achieving mechanism and possible different measurement mechanism.
Proposal 8: The NR RAN controlled state is separate from the NR connected state.
Proposal 9: The NR RAN-controlled state is an RRC state; a possible name could be energy conserved operation (ECO) state.
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