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Introduction
SA2 agreed to the following architecture requirement for Next Generation Architecture study:
· Minimize the signalling (and delay) required to start the traffic exchange between the UE and the PDN, i.e. signalling overhead and latency at transition from a period where UE has no data traffic to a period with data traffic.
· 
Lessons learnt from LTE networks
It has been observed in LTE networks that inactivity timers are typically configured to be quite short (down to 10-20 seconds) which leads to a high amount of transitions from RRC_IDLE to RRC_CONNECTED. This state transition is quite costly in terms of signaling considering that the majority of the RRC connections in LTE transfer less than 1 Kbyte of data to then move back to RRC_IDLE
The signaling diagram of Fig. 1 shows this state transition, required for the UE to transfer/receive user plane. This overhead may also introduce significant delays. In the best case, without taking into account the processing delays at the UE, network side and signaling within the CN (e.g. towards the Serving Gateway), this overhead roughly introduces a delay, measured in terms of Random Access (RA) delay and Round-Trip-Times (RTT), of:
Transition time > RA delay + 4 x RTT (radio) + RTT (S1 setup).
In LTE there is a requirement that this delay should be lower than 100ms and, in LTE-A, lower than 50ms, so that even lower values should be expected in 5G at least for some services. This scenario is also expected to exist in 5G networks with the trends towards IoT where it is expected a large number of devices, each generating a small amount of data. In 5G networks there could be different requirements for different use cases, where some could be much lower. 
In rel-13, 3GPP introduced RRC suspend and resume procedure to address this problem in the context of CIoT feature. Since this was introduced as an aftermath for LTE, this principle has not been built-in in the underlying RRC/EMM (ECM) state machine. For the new system, this should be taken into account from the onset of Next Generation architecture work. 
Solution overview:
A state machine for state handling in 5G has been proposed. The state machine consists three states: the traditional RRC idle and RRC connected states, and a novel RRC inactive connected inactive state, see Figure 1. The characteristics of the RRC inactive connected inactive state includes:
· Configurable based on the service requested by the UE, device type or other means that indicate the service requirements of the UE
· Mobility based on UE measurements and cell reselection procedure with configuration from network
· When configured for the fast system access the device monitors the dedicated signaling. No UE Channel feedback.
· RAN and UE store part of the UE context during the new RRC state
· RRC connected inactive to RRC connected state transition with a light-weight signaling procedure
· UE context is kept “always ON” to allow seamless transition for transmitting small packets. 
· U-plane and C-plane connection between RAN and core kept active during this time for MT and MO transactions
· UE mobility and reachability taken care of by the RAN. 
· Distributed TA management – Network follows UE in TA level. RAN determines the cells where the UE can move without notifying the network.

· No network controlled HO rather UE initiated cell selection is supported.
· No Rx/Tx Data is performed in this state
· UE performs neighbor cell measurements.
[bookmark: _Ref428451480]Figure 1, RRC states for 5G







		Figure 2,  RRC / ECM with state transition illustrated
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State Transitions illustrated:
(1) UE powers on, performs PLMN/cell selection and camps in a suitable cell. 
(2) UE registers (attaches) with the network. UE transmits and receives data in RRC connected. 
(3) Inactivity results connection suspend to RRC inactive connected.
(4) MT/MO connectivity with data transmission triggers resumption to RRC connected for Tx/Rx
(5) Detach/Power off
Why RRC inactive connected inactive state needs to be configurable: The need for configurability of the RRC connected inactiveinactive connected  state is motivated through several factors that require flexibility and programmability such as diverse requirements of the 5G use cases, future proofness and quick time to market requirement for new services.
The 5G use cases have highly diverse and sometimes contradictory requirements in terms of, e.g., mobility, security & privacy, reliability, bandwidth, latency, battery life, etc. [1]. For example, the E2E latency requirement (which perhaps needs to be complemented by the state transition time requirement) varies from <1ms for use cases with ultra-low latency requirement such as automated driving to latencies from seconds to hours for use cases in the category ‘Massive low-cost/long-range/low-power MTC’. The battery life requirement is irrelevant for use cases such as automated driving where the device can get unlimited power from the car; whereas the battery life requirement for battery operated devices ranges from a three-days requirement for smartphones to up to 15 years for a low-cost MTC device. Similar requirement diversity can be observed in terms of, e.g., mobility, reliability and bandwidth as well. 
It is in general not possible to predict all the 5G use cases that may arise from internet of things, for example. The 5G use cases listed in [e.g., 1, 2] are not meant to be exhaustive. They rather serve as a tool to ensure that the level of flexibility required in 5G is well captured. Thus, future proofness should be among the key criteria for 5G design including state handling design.
A static new state and related state transition handling may compromise the performance of the new use cases and thus impede the overall 5G system performance and flexibility. Yet, modifications to the standardised functionality in many cases have proven to be complex, slow and introducing legacy support issues for new features. 
Allowing a device to use a specific RRC connected inactiveinactive connected  state configuration, when necessary, enables flexibility to the state handling mechanism. For example, let us assume a network slice serves an ultra-low complexity, power constrained and low data-rate 'Internet of Things' devices. The solutions in [3] for state transition optimization are good examples for the need of service specific state handling configuration. However, the solutions in [3] may not necessarily be applicable for all use cases, e.g. automated driving, thus further emphasizing the need for configurability of the new state.
It is proposed that SA2 agrees to defining a configurable RRC connected inactiveinactive connected  state configuration within ECM-CONNECTED state, when necessary to enable flexibility in the state handling mechanism. This complements the flexibility gain that could be achieved from network slicing.
Further allowing propriety RRC connected inactive state configurations reduces the time to market for new services that otherwise would require a standardized and optimized solution for state handling. This could be done, for example, by defining use case specific requirements related to state handling and transition, and leaving the configuration to meet the targets to vendors. Features that could be enabled/disabled during the configuration might need to be standardized. This approach partially fulfils the requirement of future-proof design as well.
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Proposal
It is proposed to add the following Key Issue to the TR 23.799 “Study on Architecture for Next Generation System”.
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[bookmark: _Toc436063305]6	Solutions
Editor's Note: This section describes the solutions to the key issues and solutions to architecture design. 
[bookmark: _Toc436063306]6.x	Solution x  - TitleMobility State framework
Editor's Note: It should be indicate here to which issue(s) the solution applies.This is a solution to key issue #3 on Mobility Framework. 
[bookmark: _Toc436063307][bookmark: OLE_LINK6][bookmark: OLE_LINK7]6.x.1	Architecture description 
Editor's Note: This clause will contain e.g., terminology, overview, architecture description of the solution. 
Next Generation core network should take into consideration the state machines envisioned for RRC protocol within new RAT. It is proposed that Tthe mobility state machine for Next Generation architectureRRC consists of three states: the traditional RRC idle, RRC connected states and a configurable RRC inactive connected inactive state. The need for configurability of the RRC inactive connected state is motivated through several factors that require flexibility and programmability such as diverse requirements of the 5G use cases, future proofness and quick time to market requirement for new services.
From the Next Generation core network perspective, UE is considered to be in the ECM-CONNECTED state when UE is in RRC inactive connected state at the RRC layer. When the UE transitions between RRC connected state and RRC inactive connected state, it is not visible to the core network as no signalling towards the core network is expected due to this transition. Also, core network does not have to page the UE when the UE is in RRC inactive connected state as both control plane and user plane remains active between the RAN and core.
The characteristics of the RRC inactive connected inactive state includes:
· UE is considered to be in the ECM-CONNECTED state
· Configurable based on the service requested by the UE. This implies that the RRC inactive connected state can be configured in such a way depending on the application running in the UE (e.g. application ID provided). Depending on whether the application requires more power savings or frequent data transmission, it can be configured accordingly.
Editor’s note: Who provides the application ID (from UE or subscription based) and how this is used is FFS. How devices with multiple applications are addressed is also FFS. 
· Mobility based on UE measurements and cell reselection procedure with configuration from network
· When configured for the fast system access the device UE will monitor the dedicated signaling.
· RAN stores the UE context during the new RRC state
· RRC inactive connected inactiveconnected  to RRC connected state transition with a light-weight signaling procedure
· UE context is kept “always ON” in the RAN to allow seamless transition for transmitting small packets (without having to signal the core network to obtain the context). 
· U-plane and C-plane connections between RAN and core are kept active during this time for MT and MO transactions
· UE mobility (including context transfer) and reachability will be taken care of by the RAN. 
· Distributed TA mobility management – Network follows UE in TA level. RAN determines the TA cell list where the UE can move without notifying the network. 
· No network controlled HO rather UE initiated cell selection is supported.
· No Rx/Tx Data is performed in this state
· UE Monitors Dedicated signaling. No UE Channel feedback. 
· UE performs neighbor cell measurements.

Figure 1, RRC states for 5G








Following figure shows how the proposed RRC state machine fits within the ECM/EMM State machine model:
		Figure 2, RRC / ECM with state transition illustrated
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State Transitions illustrated:
(1) UE powers on, performs PLMN/cell selection and camps in a suitable cell. 
(2) UE registers (attaches) with the network. UE transmits and receives data in RRC connected 
(3) Inactivity results in transitions to RRC inactive connected.
(4) MT/MO trigger to transmit data results in transition to connected for Tx/Rx
(5) Detach/Power off
Why RRC connected inactive state needs to be configurable?: 
The need for configurability of the RRC connected inactive state is motivated through several factors that require flexibility and programmability such as diverse requirements of the 5G use cases, future proofness and quick time to market requirement for new services.
The 5G use cases have highly diverse and sometimes contradictory requirements in terms of, e.g., mobility, security & privacy, reliability, bandwidth, latency, battery life, etc. For example, the E2E latency requirement (which perhaps needs to be complemented by the state transition time requirement) varies from <1ms for use cases with ultra-low latency requirement such as automated driving to latencies from seconds to hours for use case in the category ‘Massive low-cost/long-range/low-power MTC’. The battery life requirement is irrelevant for use cases such as automated driving where the device can get unlimited power from the car; whereas the battery life requirement for battery operated devices ranges from a three days requirement for smartphones to up to 15 years for a low-cost MTC device. Similar requirement diversity can be observed in terms of, e.g., mobility, reliability and bandwidth as well. 
It is in general not possible to predict all the 5G use cases that may arise from internet of things, for example. The 5G use cases listed in [e.g., 1, 2] are not meant to be exhaustive. They rather serve as a tool to ensure that the level of flexibility required in 5G is well captured. Thus, future proof ness should be among the key criteria for 5G design including state handling design.
A static new state and related state transition handling may compromise the performance of the new use cases and thus impede the overall 5G system performance and flexibility. Yet, modifications to the standardised functionality in many cases have proven to be complex, slow and introducing legacy support issues for new features.
Allowing a device to use a specific RRC connected inactive state configuration, when necessary, enables flexibility to the state handling mechanism. 
Note: This solution has dependency on RAN as the RRC state design decision belongs to RAN WG2. RAN WG2 is expected to design the states and characteristics of each state.
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3GPP
SA WG2 TD

image2.emf
RRC 

Connected

RRC 

Inactive

Connected 

RRC Idle

Suspend

Resume

Release

Release

Connect


oleObject2.bin
RRC  Connected


RRC  Inactive
Connected  


RRC Idle


Suspend


Resume


Release


Release


Connect



image1.wmf
RRC 

Connected

RRC 

Connected 

Inactive

RRC Idle

Suspend

Resume

Release

Release

Connect


oleObject1.bin
RRC  Connected


RRC  Connected  Inactive


RRC Idle


Suspend


Resume


Release


Release


Connect



