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1	Introduction
At the 3GPP RAN#71 meeting, the study item description on “New Radio Access Technology” was approved [1]. Based on this, in the subsequent RAN2#93 meeting, one of the topics identified for further discussion was the study item on the mobility framework architecture of RRC states in NR. 
NR protocol architecture → Control plane → Mobility/activity states including the potential need for additional states compared to idle and connected.
In the previous RAN meeting, i.e. RAN#94, it was agreed to study the introduction of the RAN controlled state; characterized, that the UEs in RAN controlled state must incur minimum signalling, minimized power consumption, with the ability to begin fast data transmission as per the RAN requirements [2]. Two FFSs are also identified: (i) whether data transfer is by leaving the “state” or data transfer can occur within the “state” and (ii) whether “state” translates to an RRC state. In this contribution, we discuss about the introduction of a new intermediate state with details on its configurability and state transition and addresses the FFSs on RRC state discussion from previous meeting.
2	Lessons Learnt from Existing Technologies
2.1  			RRC states in HSPA
The RRC states in HSPA are more or less a combination of the listed three attributes [3] — detailed features of which can be obtained from table 1 in [4]. The RRC states,
-	depend on the physical channels which are allocated to the UE and the transport channels that can be used.
-	depend upon the type of RRC connection mobility procedures used.
-	depend on the level of UE activity, e.g. whether it is known at cell or URA level, and whether or not it uses DRX.
It is observed that the number of RRC states is influenced by its characteristic features and the overlap amongst the different RRC states. For example, CELL_PCH and URA_PCH have almost identical characteristics, except that the location of a UE is tracked at the cell level in the former case, whilst tracked on the URA level in the latter. Hence, it would be highly beneficial to keep the number of RRC states and its overlapping features at most minimum. By doing so, this will not only minimize the overall RRC state numbers, but more importantly reduce the system specification process and implementation complexity.
Observation 1:  The number of RRC states increases with rise in the number of characteristic features defining the RRC state, especially, if each combination of these characteristics define an RRC state.  
Observation 2: Defining RRC states with significantly overlapping attributes can unnecessarily increase the number of RRC states. 
Table 1: RRC states in HSPA
	HSPA State 
	Mobility Procedure
	Monitoring Dedicated Physical Channels
	DL Channel Monitoring
	Location Update
	Uplink Activity Allowed
	Storage of RAN Context Information

	CELL_DCH
	Network controlled handover
	Yes
	Continuous (DCH)
	Active set update
	Yes
	Yes

	CELL_FACH
	Cell selection & reselection
	No
	Continuous (FACH)
	Cell update
	Yes
	Yes

	CELL_PCH
	Cell selection & reselection
	No
	Discontinuous with DRX (PCH)
	Cell update
	No
	Yes

	URA_PCH
	Cell selection & reselection
	No
	Discontinuous with DRX (PCH)
	URA update
	No
	Yes

	IDLE
	Cell selection & reselection
	No
	-
	-
	-
	No






2. 2			RRC states in LTE
The number of RRC states in LTE was scaled down to two states, reducing the complexity arising from having multiple states as in HSPA systems. The RRC_IDLE was optimized to minimize the UE power consumption, network resource usage and memory consumption. While the RRC_CONNECTED was introduced for high UE activity. Although this two-state system has been in existence for quite some time, the state transition from CONNECTED to IDLE and vice-versa requires considerable signalling to setup the UE’s AS context. In can be stated, that the LTE’s state handling mechanism is well suited in paradigms where frequent state transitions is not required and state transition latency is not critical.
Table 2: RRC states in LTE
	LTE State 
	Mobility procedure
	Monitoring Dedicated Physical Channels
	Allowed Mode for DL Channel Monitoring

	UE Location Known on
	Uplink Activity Allowed
	Storage of RAN Context Information  

	RRC_IDLE 
	Cell selection & reselection
	No
	Discontinuous with DRX
	Tracking Area list level
	No
	No

	RRC_CONNECTED 
	Network controlled handover 
	Yes
	Both continuous and discontinuous with DRX
	Cell level
	Yes
	Yes



However, with the inception of smartphones and MTC (Machine Type Communication) devices, and their ability to support diverse applications with frequent small packet transmissions [5, 6] — has consequently resulted in the reconsideration of state handling efficiency in LTE systems. On one hand, it is costly to keep all the UEs in RRC_CONNECTED state, as signalling due to mobility increases. While on the other hand, the inactivity timers in LTE systems are typically configured to be short (i.e. 10-60 seconds) which forces the network to release the UE from RRC_CONNECTED to RRC_IDLE– leading to a large number of state transitions. Hence, such frequent state transitions can have an overhead signalling effect; considering, the majority of RRC connections in LTE transfer less than 1 Kbyte of data to revert back to RRC_IDLE state. Note: setting higher inactivity timer will not resolve the issue, as the user will have to perform random access procedure upon the expiry of uplink synchronization time [7].
In addition, with LTE’s RRC_IDLE as battery efficient state and RRC_CONNECTED as active state, it would rather be difficult to meet the control plane latency requirements for NR, i.e. 10 ms for the time to move from a battery efficient state (i.e. IDLE) for the start of continuous data transfer (i.e. ACTIVE) [8]. 
Observation 3: The state transition in LTE (from RRC_IDLE to RRC_CONNECTED) is cumbersome and expensive in terms of signaling overhead for transmitting small data packets.
Observation 4: The control plane latency requirement for NR would be challenging to meet with LTE’s RRC_IDLE as battery efficient state and RRC_CONNECTED as active state.
3 	Discussion
3.1	Considerations for mobility/activity states design for NR
The mobility state design for NR should learn from the pros and cons of state handling design in the existing technologies, and take into account the 5G use cases and their requirements. Alongside other features, the NR state machine design must:
-	keep to a very few number of RRC states, as noted from existing technologies.
-	fulfil the control plane latency requirement for NR.
-	reduce the signalling overhead for frequent state transitions from low activity to full active state. [This is crucial, considering the expected trend of small packet transmissions in NR to support MTC and smartphone devices, to facilitate frequent small packet data transmission and reception [9]].
-	consider the diverse and sometimes contradictory requirements of 5G use cases, in terms of reliability, mobility, latency, bandwidth, security & privacy, battery life, etc.
Proposal 1: RRC states with significantly overlapping characteristics should be avoided. 
Proposal 2:  When an additional RRC state is introduced, it 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. 
Proposal 3: When an additional RRC state is introduced, it is important to ensure it is flexible and capable enough to support the diverse service requirements of next generation UEs. 
3.2 	Mobility/Activity States for NR
A state machine for transition handling in 5G systems was initially proposed in [10], with an extended version in [2]. The state machine comprises three states, the traditional RRC_IDLE and RRC_CONNECTED, with an additional RRC_INACTIVE_CONNECTED, as illustrated in Figure 1. 


Figure 1: RRC States with EMM state transition for NR

Some of the characteristic features of RRC_INACTIVE_CONNECTED state are:
-	Mobility is based on the UE measurements and cell reselection procedure with configuration received from the network.
-	The UE context is stored in the network. The stored information includes the AS and NAS security context.
-	The U-plane and C-plane connection between the RAN and CN is kept active for MT and MO activities.
-	The state transition from RRC_INACTIVE_CONNECTED to RRC_CONNECTED is carried out by light-weight signaling which can be terminated at the RAN.
-	The UE mobility and reachability is taken by the RAN. 
-	Follows a distributed TA management scheme: network follows UE in TA level, RAN determines the TA where the UE can move freely without notifying the network. 
-	The UE can use the stored AS security context to cipher a packet received from the application layer, while it is still in RRC_INACTIVE_CONNECTED state. The UE can send the ciphered packet as soon as it receives uplink grant.
The EMM state transition illustrated in Figure 1 can be explained as follows:
1.	UE powers ON, performs PLMN/cell selection and camps on to a suitable cell. 
2.	The UE registers or attaches to the network. UE begins to transmit and receive data in the RRC_CONNECTED state.  
3.	Inactivity results in transition to RRC_INACTIVE_CONNECTED state.
4.	MT/MO activities trigger to transmit data, leads to the transition to RRC_CONNECTED, resulting in large packet data Tx/Rx.,
5.	Detach/Power OFF.
Proposal 4: We propose a state machine for NR mobility/activity state handling, which comprises three RRC states, the conventional RRC_IDLE and RRC_CONNECTED states, with an additional RRC_INACTIVE_CONNECTED state.
3.3			Configurability of RRC_Inactive_Connected State  
In addition to the common characteristics and default procedures which are applicable to all scenarios and use cases, the new state is envisaged to include procedures, which can be configured based on the service requirements from the user device. The services can be characterized based on the diverse requirements of mobility, reliability, latency, bandwidth, security & privacy and battery life, as stated in [11, 12]. The service tailored configuration can be developed in such a way that the RRC_INACTIVE_CONNECTED must have required level of flexibility to handle UEs with diverse service requirements. Following such an approach towards the inclusion of a new mobility state, can notably avoid introducing many RRC states with overlapping characteristics. 
Proposal 5: RRC_INACTIVE_CONNECTED must be configurable and flexible enough to fulfil the diverse service requirements of 5G use cases. 
3.4 	The Need for RRC_IDLE in NR 
Although the new state has the existing features of the IDLE state, it supports the added facility of storing the UE context in the RAN and maintaining the C- and U-Plane connections with the CN. Despite enhanced features/functionality added to the RRC_INACTIVE_CONNECTED state, it is essential to retain the IDLE state in next generation mobile systems. The reasoning can be attributed: Adding an extra state for fault recovery mechanism will no doubt increase its design complexity, but it is a very fundamental technological requirement that in case of sudden fault or network failure, the UE has to revert or fall-back to IDLE state for smooth recovery purposes. Although, it is strongly argued to preserve the IDLE state in 5G systems, this is a pivotal question worth to be discussed. The IDLE state for NR will continue to support the existing bootstrap procedures, UE controlled mobility and CN paging as in the current LTE systems.     
Proposal 6: It is essential to discuss the importance of retaining the RRC_IDLE state in next generation mobile radio systems. 
4 	Conclusion
The observations and proposals can be summarized as follows:
Observation 1:  The number of RRC states increases with rise in the number of characteristic features defining the RRC state, especially, if each combination of these characteristics define an RRC state.    
Observation 2: Defining RRC states with significantly overlapping attributes can unnecessarily increase the number of RRC states.
Observation 3: The state transition in LTE (from RRC_IDLE to RRC_CONNECTED) is cumbersome and expensive in terms of signaling overhead for transmitting small data packets.
Observation 4: The control plane latency requirement for NR would be challenging to meet with LTE’s RRC_IDLE as battery efficient state and RRC_CONNECTED as active state.
Proposal 1: RRC states with significantly overlapping characteristics should be avoided. 
Proposal 2: When and if an additional RRC state is introduced, it 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. 
Proposal 3: When and if an additional RRC state is introduced, it is important to ensure it is flexible and capable enough to support the diverse service requirements of next generation UEs. 
Proposal 4: We propose a state machine for NR mobility/activity state handling, which comprises three states, the conventional RRC_IDLE and RRC_CONNECTED states, with an additional RRC_INACTIVE_CONNECTED state.
Proposal 5: RRC_INACTIVE_CONNECTED must be configurable and flexible enough to fulfil the diverse service requirements of 5G use cases. 
Proposal 6: It is essential to discuss the importance of retaining the RRC_IDLE state in next generation mobile radio systems. 
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