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1 Introduction
During the last RAN2#94 meeting, there are some agreements achieved and some FFS need to be further investigated:
Study the introduction of a RAN controlled “state” characterised by, at least:

·  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

·  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

In this contribution, we will further investigate the RAN controlled state and make some proposals on the related open issues.
2 Discussion
2.1 Characteristics of RAN controlled state

In last meeting the following potential characteristics of RAN controlled state are listed 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 withoutnotifying the network.

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

e) No dedicated resources


Although not mentioned in the list, our understanding is that this state should be optimised for quick entry and exit, so that a UE under RAN controlled state can send/receive data quickly, without heavy signalling load and delay. In LTE connection establishment, a large portion of the delay is due to NAS traffic and configuration towards the core network, so for the RAN controlled state, it seems important to maintain the CN connection. Therefore it is necessary for RAN and CN to store the relevant S1 contexts for RAN controlled state UE.
Similarly, to “forget” the RRC configuration of an UE would mean unnecessary messages to restore the connection when the UE comes out of the RAN controlled state. In addition, there needs to be a context to “anchor” the CN connection, so it makes sense that the RAN and UE keep context for RAN controlled state.
Proposal 1: the CN and RAN connection are maintained for RAN controlled state UE.
Proposal 2: S1 contexts should be stored in RAN and CN for RAN controlled state UE.
In LTE, UE needs to perform the RRC state transition from RRC_IDLE to RRC_CONNECTED when user data becomes available each time. The whole RRC connection establishment procedure will result in large latency due to RA procedure, AS security activation procedure and NAS signalling procedure. The RA procedure or similar seems unavoidable, as long as the UE does not maintain uplink sync; but the other procedures such as security activation, service request, and so on can be avoided by keeping the UE’s AS context in place, including security information and other L2/L3 configuration. In details, the configurations of SRB1, SRB2 and DRBs can be maintained in order to reduce the delay. Further which DRB and what configuration of an RB should be maintained can be FFS.
Proposal 3: AS context must be stored in RAN and UE for RAN controlled state. 
Proposal 4: the configurations of SRB1, SRB2 and DRB(s) should be maintained in RAN controlled state. And what configuration for an RB and which DRB should be maintained is FFS. 
Further, if AS contexts are stored in RAN state, the data transfer can be performed as soon as the UE can obtain suitable radio resources. For example, the UE can perform the direct UL data transmission based on the contention-based mechanism, or the UE can first require radio resources by random access procedure like LTE. The direct data transmission is especially suitable for small data transmission scenario.
Therefore we think the data transmission can be directly performed within the RAN controlled state. The mechanism of determining radio resources for such transmission would need to be further discussed.
Proposal 5: data transmission can be directly performed within the RAN controlled state.
About whether the dedicated resources should be configured for the UE in RAN controlled state, it is relevant to the service category. For massive MTC case, the data transfer is delay tolerant, therefore no dedicated resource is necessary. However for URLLC case, the data transfer is critical, to configure of dedicated resource, such as SPS resources for one UE or one group of UEs, is benefit for data transfer of this kind of UE, and the details can be FFS.

Proposal 6: whether dedicated resources can be configured in RAN controlled state depend on the service characters in UE. 

In order to support mobility in RAN controlled state, one RAN controlled area can be introduced so that the UE can change the serving cell and perform data transmission in new serving cell using the stored UE context in RAN. The RAN controlled area consists of a number of cells, its coverage can be the coverage of one or more gNBs/hypercells [1]. In order to reduce data transmission latency when the UE changes cell in RAN controlled state, the UE context should be able to be forwarded among neighbour eNBs/cells in a convenient and timely manner. The detailed UE context management mechanism can be FFS, e.g. how to identify the UE within the RAN controlled area, how and when context forwarding takes place, when the data path to the core network switches, and so on.
Further one paging-like mechanism is also needed to notify the UE when DL data arrives. One possible method is the network can send the paging-like message to the UE in RAN controlled area or limited scope of cells, managed by RAN. 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 cell(s) based on the UE UL tracking signal, then the DL transmission can simply be scheduled via DCI within a known area. More details of a suitable UL tracking mechanism are introduced in contribution [2]. 
Proposal 7: A RAN controlled area consists of one or a number of cells, and the UE can be notified when DL data arrives.
Finally, in RAN controlled state, the power efficiency can be comparable with the traditional idle state in LTE by configuring the similar DRX mode, so that the UE power consumption can be minimised. Even considering the transmission of an uplink tracking signal, it is possible to match or exceed the efficiency of LTE idle operation, as shown in [3].
Observation 1: the UE power consumption in RAN controlled state can be comparable with traditional idle state by suitable DRX configuration. 
2.2 Number of UE RRC states
Historically, the 3GPP TS 25.331 specification covers a larger number of state transitional and error cases due to many RRC states and making the specification very complex. The only difference between CELL_PCH and URA_PCH is that the location of UE is tracked at the cell level or URA level, but procedures still needed to be duplicated between the states leading to redundant text, accidental divergence between procedures that should have been the same, and so on. Similarly, many procedures were duplicated or almost-duplicated between different pairs of states, and some procedures depended on two states (“If the UE is in CELL_FACH state and will enter CELL_DCH state at the conclusion of the procedure…”).
In NR, some IoT devices are cost sensitive, too complex RRC procedure will increase the unnecessary device cost especially considering the burden of testing. Therefore it would be meaningful to minimize the overall RRC state complexity, and make the overlapping features between states as small as possible. In this way, the specification process and device implementation complexity will be reduced.

Proposal 8: In NR, the overall RRC state numbers should be minimized, and the overlapping features among the different states should be as small as possible.
In the following, we will compare those functionalities among the traditional idle state, the RAN controlled state, and the traditional RRC connected state. 

Table 1: Functionalities comparison between idle state and RAN controlled state

	Traditional idle state
	RAN controlled state
	Whether overlapped in functionality

	PLMN selection 
	Not applicable
	No

	DRX configured by NAS
	DRX configured by AS
	Functionally yes, procedurally no

	Acquiring system information
	Acquiring system information
	Yes

	Cell re-selection mobility
	Mobility by uplink signal tracking
	No, but functionally similar

	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 a RAN controlled area
	Almost yes

	Paging                                                  
	Paging or RAN “paging-like” procedure
	Almost yes

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

	Data transmission requires RA procedure and RRC connection establishment procedure
	Data transmission can be directly performed
	No


Based on the above analysis, we can see that UE context is one key difference. The mechanism of mobility is another, but the different techniques of cell reselection and uplink tracking result in similar mobility functions in the end, i.e. transparent mobility by the UE within a network defined region. 
In the other word, the RAN controlled state can cover almost all functionalities of the idle state, except for PLMN selection. However PLMN selection can be seen as one “power on” transient state or one special thing which does not impact state definition. About the difference in UE context, it is always required to consider what the UE behaviour is if there are not available UE contexts in RAN for some special case or some exceptional cases. Therefore we can consider the traditional idle state as one special or exceptional case in RAN controlled state. 
Observation 2:  Functionalities in idle state is almost same with those in RAN controlled state, except for RRC context store (possibly with temporary data transmission) and PLMN selection.

So the next issue is whether it is necessary to have two similar states in NR. First, if UE support idle, RAN controlled and connected state, it means there will be six state transition cases, i.e., idle->connected, connected->idle, idle->RAN controlled, RAN controlled->idle, RAN controlled->connected and connected->RAN controlled. Obviously it will increase unnecessary specification work and UE complexities, especially for cost-constrained devices such as sensors and wearables. Therefore we think for some devices, it should not be required to support idle state or to stay in idle state if they support RAN controlled state. And for other UEs with high capacity, we can keep FFS whether idle state can be also replaced by RAN controlled state in order to make whole specification simple. Therefore it could be considered whether a separate idle state is needed at all. It appears that the functionality of idle can be met with RAN controlled state, including the power efficiency (see [3]) and with the benefit of data transmission. 
Proposal 9: support for transition to idle state in NR devices should be optional, based on UE requirements.
Proposal 10: we propose RAN2 to further discuss whether the traditional idle state can be totally replaced by RAN controlled state.
Further, for RAN controlled state and the traditional RRC connected state, we further compared them in the table 2. In some aspects we attempt to make reasonable assumptions about the likely definition of RAN controlled state, e.g., we assume there would be configurable DRX functionality. 
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 which the UE belongs to;
	RAN knows the RAN controlled area which the UE belongs to; 
	Similar function but at different scope

	Network controlled mobility
	UE centric mobility in RAN controlled area, network controlled mobility at boundary of RAN controlled area.
	No, except for the boundary case

	Network can transmit and/or receive data to/from UE;
	Data transmission can be directly performed to/from UE
	Yes

	Neighbour cell measurements;

                                   
	Uplink measurements by network, supplemented by reduced UE measurements;
	Almost yes, depending on amount of reduction in UE downlink measurements

	At PDCP/RLC/MAC level:

-
UE can transmit and/or receive data to/from network
	At NR level: 

-
UE can transmit and/or receive data to/from network, with limitations that are FFS
	Yes, up to the limitations of the RAN controlled state

	At PDCP/RLC/MAC level:

-
UE monitors control signalling channel for shared data channel to see if any transmission over the shared data channel has been allocated to the UE;
	At NR level:

· Contention-based UL transmission or achieving radio resources by RA;
· Dedicated resource is FFS
	FFS

	At PDCP/RLC/MAC level:

-
UE also reports channel quality information and feedback information to eNB;
	At NR level: 

FFS
	FFS

	At PDCP/RLC/MAC level:

-
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.
	At NR level: 

-
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 3: 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 traditional RRC connected state. Associated with proposal 10, from UE capacity point of view, some UEs can only support RAN controlled state in NR. A typical example might be a smart meter whose only transmissions are occasional usage reports of small size.
Proposal 11: Some devices in NR support only RAN controlled state.
As discussion in section 2.1, CN and RAN connection will be maintained in RAN controlled state, UE context will be stored, and data transmission can be directly performed within RAN controlled state. Also, according to observation 2, the major difference between RAN controlled state and the traditional RRC connected state is the resource allocation mechanism. Therefore it seems that the RAN controlled state is more similar with RRC connected state. 
Then one further issue is the RAN controlled state should be as one sub-state of RRC connected state or be named as one new state. Generally, to name RAN controlled state as one new RRC state, for example energy conserved operation (ECO) state, can bring the convenience to specify RRC state supporting per device capacity in RRC specification, if some devices can support only RAN controlled state as proposed in proposal 11. 
If RAN controlled sate is seen as one sub-state of RRC connected state, it still requires a distinguishing in specification description, e.g., by inactive RRC connected state and active RRC connected state. In essence, it is a little similar with to introduce one new state. But the disadvantage of this way is it is not convenient to specify the RRC state supporting per device capacity in RRC specification compared with to introduce one new state name. 
Proposal 12: the RAN controlled state translates to a new RRC state, and is named to 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: the CN and RAN connection are maintained for RAN controlled state UE.
Proposal 2: S1 contexts should be stored in RAN and CN for RAN controlled state UE.
Proposal 3: AS context must be stored in RAN and UE for RAN controlled state. 
Proposal 4: the configurations of SRB1, SRB2 and DRB(s) should be maintained in RAN controlled state. And what configuration for an RB and which DRB should be maintained is FFS. 
Proposal 5: data transmission can be directly performed within the RAN controlled state. 

Proposal 6: whether dedicated resources can be configured in RAN controlled state depend on the service characters in UE. 
Proposal 7: A RAN controlled area consists of one or a number of cells, and the UE can be notified when DL data arrives.

Observation 1: the UE power consumption in RAN controlled state can be comparable with traditional idle state by suitable DRX configuration. 

Proposal 8: In NR, the overall RRC state numbers should be minimized, and the overlapping features among the different states should be as small as possible.
Observation 2:  Functions in idle state is almost same with those in RAN controlled state, except for RRC context store (possibly with temporary data transmission) and PLMN selection.

Proposal 9: support for transition to idle state in NR devices should be optional, based on UE requirements.
Proposal 10: we propose RAN2 to further discuss whether the traditional idle state can be totally replaced by RAN controlled state.

Observation 3: 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 11: Some devices in NR support only RAN controlled state.
Proposal 12: the RAN controlled state translates to a new RRC state, and is named to energy conserved operation (ECO) state
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