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Abstract of the contribution: This paper proposes a mobility state model for UE with power consumption optimization. 
1. Requirements for power consumption optimization in 5G
Power consumption is important for UEs using battery and also for UEs using external power supply, its importance increases with the continued growth of device populations and more demanding use cases. The importance can be illustrated by following scenarios, e.g.:
-	For M2M use cases like sensors that run on battery it is a major cost to on site exchange (or charge) the batteries for a large amount of devices and the battery lifetime may even determine the device’s lifetime if it is not foreseen to charge or replace the battery;
-	Even for scenarios where UEs may consume power from an external power supply it may be desirable to consume less power for energy efficiency purposes.
Also the device power efficiency is one of key requirement as it is captured in High level Architectural Requirements, that is:
“10. Support different means for reducing UE power consumption while UE is in periods with data traffic as well as in periods without data traffic.”
Accordingly, this contribution mainly focuses on this requirement and proposes a solution on mobility states.
2. Introduction of Power Saving Mode
In Rel-12, the Power Saving Mode (PSM) was introduced for reducing device power consumption. That mode is similar to power-off, but with the difference that UE remains registered with the network, and there is no need to re-attach or re-establish PDN connections. A UE in PSM is not immediately reachable for mobile terminating services. 
A UE using PSM is available for mobile terminating services during the time it is in connected mode and for the period of an Active Time that is after the connected mode. The UE will enter connected mode if there is a mobile originated event like data transfer or signalling, e.g. after a periodic TAU/RAU procedure. The "power saving state" could be modelled based on EMM states as shown below. 


Figure 1: EMM state model in UE
The figure above shows the EMM state model in the UE. The dotted arrows show transitions specific for the solution. The Active Timer is started by the ECM state change from connected to idle in the same way as the UE's periodic TAU timer (part of ECM state model). When this timer expires, the UE's EMM changes to EMM-REGISTERED.NO-CELL-AVAILABLE, which may be considered as some "EMM-REGISTERED.power-saving". 
The UE returns from this power saving state by interrupts from the periodic TAU timer (to EMM-REGISTERED.UPDATE-NEEDED) or from a data transfer request (where it stays in EMM-REGISTERED.NO-CELL-AVAILABLE). Both interrupts cause the NAS to reactivate the AS. 
PSM is intended for UEs that are expecting only infrequent mobile originating and terminating services and that can accept a corresponding latency in the mobile terminating communication. And according to the following requirements defined in SMARTER TR 22.891, it can be seen that many low power required application services are delay tolerance or MO only.
5.20 Wide area sensor monitoring and event driven alarms
Devices would be low complexity, low powered, battery sensors. And the sensor sends its information unsolicited and infrequently with no expectation of a response from the network. The system shall support significantly increased device power efficiency (e.g., battery life up to more than 10 years).
5.24 Bio-connectivity
Bio-connectivity, which is the continuous and automatic medical telemetry (e.g., temperature, blood pressure, heart-rate, blood glucose) collection via wearable sensors, is another strong emerging trend that will add to the wireless communications requirements”. In order to support the bio-connectivity use case, low complexity and high battery life are two very important requirements for the UE.
5.59 Massive Internet of Things M2M and device identification
This family will include both low-complexity/long-range/low-power MTC as well as broadband MTC. Some devices are not always connected (e.g. because of power constraints), such as smart utility (gas/water/electric) devices for infrequently metering reports.
So the PSM can be applied to the use cases for devices with the requirements of power consumption optimization and with infrequent mobile originating/ terminating services in 5G, e.g. wide area sensor monitoring and event driven alarms, Bio-connectivity devices and massive IoT devices.
Proposal: The power saving mode should be introduced for UE with power consumption optimization in the Next Generation Systems.
3. Conclusions
It is proposed to add the following solution to the NextGen TR to meet the requirement for UE with power consumption optimization in 5G.
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6.3	Solutions for Key Issue 3
[bookmark: _Toc445245047][bookmark: _Toc445245170][bookmark: _Toc445247646]6.3.x	Solution 3.x: Mobility states for UE with power consumption optimization
This solution addresses key issue #3, especially for the definition of mobility states and how to transition between the states. And a mobility state model of core network is proposed to meet the requirement for UE with power consumption optimization in the Next Generation Systems, e.g. wide area sensor monitoring and event driven alarms, Bio-connectivity devices and massive IoT devices.
[bookmark: _Toc445245054][bookmark: _Toc445245177][bookmark: _Toc445247653]6.3.x.1	Architecture description
A mobility state model of core network is proposed for UE with power consumption optimization, including the following states:
· Idle NG_IDLE state: the UE is in NG_IDLE state when no signalling connection between UE and network exists. the UE performs cell selection/reselection and PLMN selection, monitors paging, and initiates mobile originating services or location update if necessary.
· Connected NG_CONNECTED state: the UE establishes a signalling connection between the UE and the network, and performs location update and handover if necessary.
· [bookmark: _Toc445245055][bookmark: _Toc445245178][bookmark: _Toc445247654]NG_POWER-SAVINGPower saving state: the UE deactivates its Access Stratum functions, and stops all idle mode procedures, but continues to run timers that may apply, e.g. the periodic timer for location update. The UE shall resume Access Stratum functions and idle mode procedures by interrupts from mobile originated events like data transfer or signalling. 
Editor’s note:	Whether the NG_POWER-SAVING state shall be considered as a substate of NG_IDLE state is FFS.
Editor’s note:	This solution focuses on the states assuming UE is registered to the network. States needed when the UE is deregistered is FFS.
Editor’s note:	The relation between RRC states, and the added “MM” states is FFS.
Editor’s note:	The relation to power saving mechanisms similar to extended DRX is FFS.
6.3.x.2	Function description
The mobility states and state transitions of core network for UE with power consumption optimization are modelled as shown below.
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Figure 6.3.x.2-1: Mobility states and state transitions
If a UE is capable of adopting a NG_POWER-SAVING power saving state and it wants to use the NG_POWER-SAVINGpower saving state, it shall negotiate the related parameters with Control plane functions, e.g. MM function. And the parameters applied to NG_POWER-SAVINGpower saving state maybe include the Active timer Time for entering NG_POWER-SAVINGpower saving state and periodic timer for location update.
Editor’s note:	It is FFS how and when such parameters are negotiated.
When the CNUE-RAN connection is released, the state changes from connected state to NG_IDLE state, and the UE and the Control plane functions start the Active timerTimer with the Active Time value. When the Active Timertimer expires in the UE, the UE deactivates its Access Stratum function and enters the NG_POWER-SAVING state, only running the necessary timers. And if the Active timer Timer expires in the Control plane functions, the Control plane functions know that the UE entered NG_POWER-SAVINGpower saving state and is not available for paging. When mobile originated events like data transfer or signalling happens, tThe UE can return from this NG_POWER-SAVING state at any time by interrupts from mobile originated events like data transfer or signalling. to NG_CONNECTED state And after the CN-RAN connection is established, the state changes from state to state.
[bookmark: _Toc445245056][bookmark: _Toc445245179][bookmark: _Toc445247655]6.3.x.3	Solution evaluation
Editor's Note: This clause will contain evaluation on the system impacts, e.g., UE, access network and non-access network.
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