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1 Introduction

At the 3GPP TSG RAN #71 meeting, the Study Item description on “New Radio Access Technology” was approved [1]. RAN aims at addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].

The TR listed up the following KPIs, where RAN aims at improving.

7.4 Control plane latency
Control plane latency refers to the time to move from a battery efficient state (e.g., IDLE) to start of continuous data transfer (e.g., ACTIVE).

The target for control plane latency should be [10ms].

7.6 Latency for infrequent small packets
For infrequent application layer small packet/message transfer, the time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point at the mobile device to the radio protocol layer 2/3 SDU egress point in the RAN, when the mobile device starts from its most "battery efficient" state.
7.11 UE battery life
UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of [200 bytes] UL per day followed by [20 bytes] DL from MCL of [tbd] dB, assuming a stored energy capacity of [5Wh].

7.17 Connection density
Connection density refers to total number of devices fulfilling specific QoS per unit area (per km2). QoS definition should take into account the amount of data or access request generated within a time t_gen that can be sent or received within a given time, t_sendrx, with x% probability.
The target for connection density should be [1 000 000 device/km2].

This contribution proposes further details regarding the challenges of the RRC state model with taking into account the abovementioned requirements for NR.
2 LTE RRC states
LTE system has two RRC states; RRC_IDLE and RRC_CONNECTED.
The following table summarizes the challactoristics of each LTE RRC state.
	
	RRC_IDLE
	RRC_CONNECTED

	UE context
	Only NAS maintains the UE context but nothing is maintained in AS.
	UE context is maintained in AS (eNB).

	Resources
	No dedicated resource is assigned to the UE.
	Dedicated resources are assigned to the UE.

	Mobility
	Cell reselection - UE autonomously updates the serving cell based on measurements. UE performs measurement infrequently (the periodicity depends on DRX cycle).
	NW controls the mobility (i.e. handover). UE continuously performs measurement.

	U-plane activity
	No user data can be sent/received. 
But UE still perofrms;
Paging reception, UE monitors PDCCH according to the DRX configuration and initiates RRC connection setup when it’s paged; and
Random access when UL data becomes available to move into RRC_CONNECTED state.
	Data can be sent and received. UE continuously monitors DL channels and sends SRS and the feedback information (CSI) for that (the periodicity of the activities depends on the DRX configuration though).

	DRX config
	Long DRX cycle
	Short DRX cycle


The LTE RRC state model has the following problems.
1. UE needs to perform an RRC connection establishment procedure to send and receive user data regardless of amount of user data. So the C-plane procedure causes some overhead to the small data transfer in terms of latency and also power consumption.
2. NW controls the mobility of the UE in RRC_CONNECTED state. If number of RRC_CONNECTED UEs is increased, then the NW load will be increased. Besides, UE needs to frequently perform measurements not so to compromise the handover performance.
3. UE drains battery power in RRC_CONNECTED state because of more activities than RRC_IDLE (such as continuous channel monitoring, SRS/CSI transmission and measurements).
Each problem can be easily addressed one by one. However it looks very challenging to address all the problems simultaneously with the current LTE RRC state model. For example;
For problem 1, NW may keep UEs in RRC_CONNECTED state to improve the latency. But the solution may compromise UE battery life and also NW capacity (due to NW load increased by the mobility support for the number of UEs).
For problem 2 (and 3), NW may keep UEs in RRC_IDLE state. Howeer it compromises the latency requirement. 

For problem 3, longer DRX cycle may be applied in RRC_CONNECTED state. However it compromises the handover performance due to too infrequent neighbour cell measurements.
Observation 1: The current LTE RRC state model is not sufficient for NR.
3 A new RRC state for NR
In LTE, U-plane is tightly coupled with C-plane, RRC states. For example, user data can be sent only in RRC_CONNECTED state but not RRC_IDLE state and so UE needs to perform the RRC state transition from RRC_IDLE to RRC_CONNECTED when user data becomes available. In addition, the mobility procedure changes based on the RRC state. In RRC_CONNECTED state, NW based handover takes place while UE based serving cell selection/reselection takes place in RRC_IDLE state. Therefore The legacy RRC state model is not suitable for NR to satisfy the requirements for NR.

In summary, LTE couples the requirements for data transmission and mobility as follows;
RRC_CONNECTED = Data + NW based HO

RRC_IDLE = No data + UE based serving cell selection/reselection

To satify the requirements mentioned in section 1, a new RRC state should be considered on top of RRC_IDLE and RRC_CONNECTED states. The following table summarizes the requirements for the new RRC state.
	
	RRC_X

	UE context
	RAN maintains the UE context, i.e., the UE is assocaited with a RAN level ID.

	Resources
	No dedicated resource is assigned to the UE.

	Mobility
	UE autonomously updates the serving cell based on measurements. UE performs measurement infrequently (the periodicity depends on DRX cycle).

	U-plane activity
	User data can be sent/received.

	DRX config
	Long DRX cycle


In short, the new RRC state = Data transmission + UE based serving cell selection/reselection
Proposal 1: NR should decouple the requirements for transmitting data and mobility state, i.e., enable the mobility state to match the UE mobility of stationary, nomadic or mobile, while allowing the data state to be independent for no data, small data or an active connection.

Proposal 2: Introduce RRC states that correspond to the different combinations of mobility and data transfer for NR.
Proposal 3: Discuss the requirements for the new RRC states.
4 Conclusions

Based on the LTE RRC state mode analysis provided above, RAN2 should discuss the following proposals on RRC state model for NR:
Observation 1: The current LTE RRC state model is not suitable for NR.

Proposal 1: NR should decouple the requirements for transmitting data and mobility state, i.e., enable the mobility state to match the UE mobility of stationary, nomadic or mobile, while allowing the data state to be independent for no data, small data or an active connection.

Proposal 2: Introduce RRC states that correspond to the different combinations of mobility and data transfer for NR.

Proposal 3: Discuss the requirements for the new RRC states.
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