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1. Introduction
At RAN2#93bis meeting, the first RAN2 sessions on 5G NR started in the framework of the newly approved 5G SID [1]. RRC states for NR were briefly discussed in the last RAN2 meeting. Connection states from CN point of view is under discussion in SA2. In this contribution, we further analyse the required RAN UE states for fulfilment of requirements set out in 5G considering different user scenarios. 
2. Discussion
5G NR is targeting for a diverse family of user cases including eMBB, mMTC and URLLC. These diverse user cases have different requirements; some requires optimization for high speed mobility up to 500 km/h while others require UE battery life target of up to [15years]. Some user cases demand for very high throughout while others demand for low latency for infrequent small packet transmission. Even though the user scenarios have different requirements, UE states in NR should be generic to all identified user scenarios as well as possible introduction of new user scenarios in the future. The following KPIs have direct influences on the design of UE states in NR [2].
· Control plane latency: the target for control plane latency should be [10ms]. Control plane latency is defined as the time to move from a battery efficient state to start of continuous data transmission. 
· latency for infrequent small packet transmission should be minimized.
· The UE battery life target should be [15 years] 
· Connection density should be 1 000 000 devices per square meter in urban environment. 
Background of LTE RRC states
In LTE, NAS protocol states are mapped to RRC states. Two RRC states: RRC_IDLE and RRC_CONNECTED are defined in RAN. RRC_CONNECTED represents EMM-Connected and EMM-Registered states while other EMM state combinations are mapped to RRC_IDLE state.
The RRC_CONNECTED UE position is known by the network at cell level. Handover is performed when cell changed during mobility. The UE connection is established to the network and the UE context is kept in AS and NAS. The UE is configured with dedicated recourses for the communication. The UE can receive and transmit data and the UE activity is only governed by the DRX configuration by the eNB.

The RRC_IDLE UE position is known by the network at tracking area level.  And the mobility is performed as cell reselection by the RRC_IDLE UEs.  The UE context is kept only at NAS level. The network reaches the UE by paging while the UE performs connection establishment when it needs to access the network. The UE is not configured with dedicate radio resources and is not required to perform data transmission and reception while in IDLE state.
In later release of LTE, the requirement to allow for very long sleep mode was identified and mechanisms such as PSM and eDRX were introduced to minimise the UE battery consumption in IDLE state. Furthermore, connection resumption was introduced in later LTE release to allow for the fast access to the network for small data transmission targeting for NB-IoT devices. 

5G NR RRC states
LTE started with only two RRC states and later many features were added to satisfy the identified requirements for specific user cases. RRC_IDLE and RRC_CONNECTED states are originally targeted for two extreme requirements where RRC_IDLE is used for UE power saving while RRC_CONNECTED is designed for high UE activity. It was recognize in later LTE release; there need to have a RRC state addressing for infrequent data. However the introduction of new feature was bounded by the original design principle and the linkage of NAS and RRC states. Therefore, connection resume was introduced as a new functionality of RRC_IDLE state but it inherits the features of RRC_IDLE. Yet another WI is currently investigating for lightweight connection allowing better mobility than what is supported by connection resume in RRC_IDLE. The lesson should be learnt from LTE RRC states design.
NR emphasizes on the need for flexible introduction of new user services in the future demanding for forward compatibility. Two extreme states similar to that of LTE RRC states are required in NR. An extreme power saving state is required to achieve NR requirement on up to [15 years] of UE battery life. A high UE activity state is required for high throughput data communication, which is business as usual by active UEs.  Question is whether these two states are sufficient to fulfill the NR requirements.
NR system is expected to support very large number of UEs (up to 1 000 000 devices per square meter in urban environment). In order to keep a high number of UEs in connected, the network capacity needs to be increased, which is costly from network operation point of view. Therefore, the network tends to release the UE connection when it is in low activity.  On the other hand, NR also requires supporting low latency for infrequent small packet transmission. This is contradicting to the above argument on releasing the connection for low activity UEs.  Thus, a UE state other than the two extreme UE states should be designed to fulfill the requirement on infrequent small packet transmission. A similar user scenario was identified in NB-IOT, however NR requirements are stricter on the latency and the number of UEs supported in the network is much larger than the target number of UEs in LTE. Unlike the NB-IOT where devices considered being stationary or low mobility, support of up to 500km/h speed is expected in NR. Therefore, we think a third UE state is required in NR.
Proposal 1: In order to fulfill requirements of different user scenarios and to allow for flexibility in introducing new user scenarios in the future, three UE states should be considered for NR system from RAN point of view.
[10ms] control plane latency requirement in NR is defined as the time to move from a battery efficient state to start of continuous data transmission. High activity state discussed above can be considered as the continuous data transmission while either of extreme power saving or infrequent small data transmission state could be considered to be the battery efficient state. Three UE states in proposal 1 is named as UE state 1(IDLE), UE state 2 (Inactive) and UE state 3 (CONNECTED) in below table. Expected characteristics of each UE state is listed in Table 1.
Table 1: Expected UE states in NR from RAN point of view
	UE state 1 (IDLE)
	UE state 2 (Inactive)
	UE state 3 (CONNECTED)

	UE position is known by the network at tracking area level
	UE position is known by the network at a group of cell level
	UE position is know by the network at cell/ TRP level

	UE is allocated with a ID which is unique in tracking area
	UE is allocated with a ID which is unique in a group of cells
	UE is allocated with a ID which is unique in the cell

	Mobility is handled with cell reselection
	Mobility is supported with reduced mobility signaling
	Cell change due to mobility is handled with handover

	No dedicated radio resource configured to the UE
	Shared radio resource configured and stored, collision may be resulted
	Dedicated radio resource is configured and activated for the UE

	No user specific data can be sent or received to/from network
	Infrequent small data transmission can be sent and received
	User data can be sent and received

	UE power saving: extreme power saving
	UE power saving is supported better than that of UE state 3
	Extreme UE power saving is not targeted


As a starting point, Table 1 can be used for discussion of differences of UE states in NR. We think it is good to start the discussion highlighting the key differences of possible UE states. Functionalities supported and expected UE behavior in each state should further be studied.
Proposal 2: RAN2 is requested to discuss the differences of expected UE states in NR starting with Table 1 above.
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Figure 1: transition between different UE states 
The transition between State 1 (IDLE) and State 3 (CONNECTED) is performed via RRC connection establishment and release which is same as that in LTE. The UE could not enter the State 2 (Inactive) from State 1 (IDLE) directly, but can be released to State 1 (IDLE) from State 2 (Inactive) if there is no transmission requirement. In state 3 (CONNECTED) UE can be (re)configured to the State 2 (Inactive) by network considering its device type, service characteristic etc. which like infrequent small data, e.g. a MTC device, CIOT etc. The UE in the State 2 (Inactive) can be configured to enter State 3 (CONNECTED) if new service requires. If the UE has new services, the UE may inform the network, and the network can configure/indicate the UE to enter the State 3 (CONNECTED). In State 2 UE can transmit infrequent small data without state transition. Which state should the UE enter is decided and controlled by the network. 
Proposal 3: RAN2 is requested to discuss the UE state transition depicted in Figure 1.
The UE states from RAN point of view is discussed independent of the ongoing SA2 discussion on CN states. The SA2 and RAN2 discussion can be done in parallel, similar to the approach taken in LTE. Based on the SA2 discussion outcome, CN states and RAN UE states should be mapped/linked. For example, if an EMM-Idle state is agreed in SA2, EMM-Idle can be seen mapped onto RAN state 1.
Proposal 4: RAN2 is requested to discuss UE states from RAN point of view independent of SA2 discussion. Based on SA2 discussion outcome, the CN and RAN states can be linked/mapped to define UE states in NR.
3. Conclusion

In this contribution, possible UE RRC states in 5G were discussed from RAN point of view taken into account the requirements to address a diverse user scenarios and applications excepted in 5G. The following proposals were made:

Proposal 1: In order to fulfill requirements of different user scenarios and to allow for flexibility in introducing new user scenarios in the future, three UE states should be considered for NR system from RAN point of view.
Proposal 2: RAN2 is requested to discuss the differences of expected UE states in NR starting with Table 1 above.
Proposal 3: RAN2 is requested to discuss the UE state transition depicted in Figure 1.
Proposal 4: RAN2 is requested to discuss UE states from RAN point of view independent of SA2 discussion. Based on SA2 discussion outcome, the CN and RAN states can be linked/mapped to define UE states in NR.
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