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Abstract of the contribution: This paper proposes to discuss about UE Power Saving Mechanism in regard to Next Generation architecture. The necessity of keeping legacy Power Saving Function (i.e. Power Saving Mode, normal DRX, extended Idle mode DRX) has been explained and power saving function configuration method for NextGen system has been proposed.
1. Discussion
UE Power efficiency is one of key requirement as it is captured in High level Architectural Requirements. Current EPS system provides some techniques (e.g. eDRX, PSM, ISR, CIoT signalling optimization …) to reduce power consumption of a UE. Key technique of power saving function is maximizing AS layer idle mode period using extended idle mode DRX and Power Saving Mode. However longer AS inactive period/ idle mode period results in high latency for mobile terminated service. Therefore only delay tolerant application is suitable for applying power saving function. 
For NextGen system, it is expected that UE and system support variety of different mobility options (i.e. MO only device, Static UE, delay tolerant infrequent MO/MT) which is optimized for specific service types/verticals. Especially for mIoT vertical, power efficient mobility handling is very important homework in regard to longer life time with non-rechargeable battery.
Applicability of Power Saving Mode to NextGen:
Power Saving Mode is key functionality for Rel-12 MTC feature and also basic functionality for CIoT EPS Optimisation in regard to infrequent small data transmission. Also a few operators already announced that they will use PSM practically for their Cellular IoT service. Especially PSM is suitable for Mobile Originated only service type which does not require reachability via paging from Network side. If the active time is zero, the UE does not require monitoring paging while the UE is in RRC-Idle/RRC-Inactive period. If a P-TAU timer is relatively large value than regular Mobile originated data period then periodic TAU will never happen. So Power Saving Mode is reasonable functionality for MO only device type. In summary, PSM is suitable power saving function for MO only communication type and periodic MO communication pattern with very infrequent MT.
Proposal 1: NextGen system should support Power Saving Mod.
Applicability of idle mode DRX to NextGen:

In order to support mobile terminated communication call/service, reachability via paging is essential function. So DRX is also required for NextGen system. In Rel-13 extended idle period has been introduced for further powering saving and the maximum idle mode DRX period is around 40 minutes for eMTC and 3 hours for NB-IoT. So now the idle mode period is quite long so mobile terminated latency should be handled carefully.
Proposal 2: NextGen system should support extended idle mode DRX but the latency of mobile terminated service due to longer idle mode period should be carefully considered to satisfy both power efficiency of the UE and service requirement (i.e. latency of the mobile terminated service)
In EPS system, selecting of appropriate power saving function between Power Saving Mode and extended idle mode DRX is negotiation between UE and MME/SGSN based on UE’s request. The UE should select suitable power saving function between PSM and extended idle mode DRX also specific power saving parameters (e.g. active timer, P-TAU timer for PSM, extended idle mode DRX period). However this is quite complicated job since most of the parameter configuration is up to UE implementation and if the selection of power saving function and the parameter is not optimum then the gain of power saving is not guaranteed and also the quality of terminated service will be degraded.
Therefore sourcing company propose to specify optimum method to configure right Power Saving Function/parameters maximize power saving efficiency which is not based on UE’s requesting of specific power saving function/parameters.
Proposal 3: In order to configure optimum power saving function/parameters to maximize UE’s power efficiency in regard to UE’s service quality (e.g. latency for mobile terminated service), UE only provides parameters related maximum latency and service characteristics rather than keeping legacy power saving negotiation procedure (i.e. UE request specific Power Saving Function/parameters). 
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6.3
Solutions for Key Issue 3: Mobility framework
6.3.X
Solution 3.X: High level architecture for device power saving
This solution applies to Key Issue 3 – Mobility Framework. The solution proposes high level architecture for the device power saving of NextGen. 
6.3.X.1
Architecture description
UE Power efficiency is one of key requirement as it is captured in High level Architectural Requirements. Current EPS system provides some techniques (e.g. eDRX, PSM, ISR, CIoT signalling optimization …) to reduce power consumption of a UE. Key technique for power saving function is maximizing AS layer idle mode period using extended idle mode DRX and Power Saving Mode. However longer AS inactive period/ idle mode period results in high latency for mobile terminated service. Therefore only delay tolerant application is suitable for power saving function. 







In addition to NG-Idle and NG-Connected mode (which is equivalent to ECM-Idle, ECM-Connected respectfully), NG-Low power mode has been introduced for NextGen system. The difference between NG-Idle and NG-Low power is that UE is not reachable via paging or not reachable immediately via paging so additional handling is required for NG-Low Power mode in NextGen system such as extended downlink data buffering or high latency communication handling.
In UE side, NG-Idle and NG-Low Power may be similar. Depending on which power saving function (e.g. Power Saving Mode or extended idle mode DRX) is applied, further power saving (e.g. deep sleeping or deactivating Access Stratum) is available in UE. However due to latency for terminated service, applying NG-Low Power mode should be carefully considered.
State diagram for NextGen
Figure 6.3.X.1-1 below shows the state transition among three states.
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Figure 6.3.X.1-1:  State transition for NextGen MM for Power Saving
If a NextGen system does not configure any Power Saving Functionality to a UE, the UE's state is changed between NG-Connected and NG-Idle. If a NextGen system configures Power Saving Functionality to a UE, a UE's state is changed between NG-Connected and NG-Low Power. 
Editor’s Note: The necessity of transition between NG-Low Power and NG-Idle is FFS. Will be impacted with the detailed Power Saving Functionality.
Table 6.3.X.1: NextGen MM state description
	
	NG-Connected
	NG-Idle
	NG-Low Power

	Active CN-RAN path
	O
	X
	X

	Immediate Reachable by CN
	O
	O
	X

	DL data Buffering
	Not required in CN

May be required for RAN depending on RAN sub-state
	Required in CN but extended buffering is not required
	Extended buffering is required


Power Saving configuration procedure
Figure 6.3.X.1-2 below shows the power saving function configuration procedure for NextGen. When a UE attaches NextGen system or whenever the active application is changed, the UE can inform this characteristics (e.g. Max Latency information, service characteristics) to CP function of NextGen system. Based on UE's provided information and also UE's subscription information, CP function selects and returns optimum power saving function and parameters for the UE. UE also should provide the UE's capability which power saving function is supported.
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Figure 6.3.X.1-2:  Configuration of Power Saving Function for NextGen

1. UE provides generic information which is related to Power Saving Function (e.g. Max Latency information, Service characteristics) while UE registers to NextGen.
Editor’s Note: Details of Service characteristics is FFS and PSM and extended idle mode DRX is not mandatory for NextGen UE, UE shall provide UE’s capability on this. 
Editor’s Note: Linkage between CN level area registration (e.g. TAU) and Power Saving Function configuration is FFS.
2. CP function determines applicability of Power Saving Function and appropriate Power Saving Function/parameters based on Latency info and service characteristics. CP function also takes into UE’s subscription info account to select appropriate parameters for this UE.
3. CP function provides parameters on Power Saving Function so the UE can configure suitable power saving functionality. Whenever the service characteristic changed UE should inform to NextGen. If the UE's subscription info or provided service characteristics is not suitable to apply Power Saving Function (e.g. immediate reachability via NextGen system is required) CP function does not configure Power Saving Functionality for this UE.
6.3.X.2
Function description
Editor's Note: This clause will contain function descriptions and the interactions among the network functions.

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.
* * * * End of Change * * * *
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