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Classification of the Work Item and linked work items
2.1
Primary classification
This work item is a work task 
	X
	Feature

	
	Building Block

	
	Work Task

	
	Study Item


2.2
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	Parent and child Work Items 
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2.3
Other related Work Items and dependencies}
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	{optional free text} 
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Justification

User experience is key to 5G/NR success, not just in terms of experienced data rates or latency but also importantly in terms of battery lifetime. Power saving enhancements are therefore vital to the success of 5G/NR. In Rel-16, several useful power saving schemes have been specified, including power saving signal/DCI as enhancement to connected-mode DRX (cDRX), additional adaptations to maximum MIMO layer number, SCell dormancy behaviour and cross-slot scheduling as enhancements for BWP framework, RRM relaxation as enhancements for idle-mode power consumption, and UE assistance information. In Rel-17, additional enhancements are necessary to further improve user experience with regards to energy consumption without compromising on the overall system performance. These include further reduced FR2 power consumption, reduced data scheduling impact with BWP switching, reduced idle-mode power consumption, and power saving for emerging 5G services including cloud gaming, AR/VR etc.
Regarding FR2, reducing the UE power consumption for multi-beam and CA operations is crucial and therefore solutions should be investigated. For BWP-based power saving, reduced data scheduling impact with BWP switch can be achieved through a shorter BWP switch delay. Furthermore, being able to finish BWP switch before DRX ON duration can also avoid data interruption impact. Through these a better energy consumption ensues. It is also beneficial to investigate power saving with respect to latency-sensitive services, in order to achieve a better trade-off between these two aspects. 
A contained UE idle mode power consumption in NR SA deployments is also important for the viability of these deployments. Indeed, larger UE wake-up energy overhead due to distributive SS bursts for synchronization and measurement cause significantly higher NR idle-mode power consumption than LTE. Solution should therefore be investigated allowing a more energy efficient NR idle mode operation. 
It is also very important that the energy efficiency of NR networks be well contained in order to minimize the related OPEX of these networks. Solutions should therefore be investigated that can help gNodeB save power.

4
Objective

1) Specify enhancement(s) for connected-mode DRX operations [RAN2, RAN1, RAN4]

a) Specify enhancement(s) for reducing PDCCH monitoring power consumption, regarding multi-beam, carrier-aggregation, multi-TRP and dual-connectivity operations [RAN2, RAN1]

b) Specify measurement relaxation, especially for short DRX cycle [RAN2, RAN4]

c) Specify RS assistance to UE warm-up (e.g., time/frequency/beam tracking) for DRX on-duration and/or WUS occasion [RAN1, RAN2]

2) Specify enhancement(s) for L1-based power saving schemes [RAN1, RAN2, RAN4]

a) Specify enhancement(s) for power saving signal reliability, considering miss-detection due to beam and/or LBT failure and false-alarm [RAN1, RAN2]

b) Specify enhancement(s) for triggering power saving adaptations using power saving signal, including triggering BWP switch on specific parameter(s), SCell dormancy behaviour switch and A-CSI report without PDCCH monitoring [RAN1, RAN2]

c) Specify enhancements for BWP switch with difference only in power saving related parameter(s), including PDCCH monitoring setting, CSI setting, TDRA table, and/or maximum number of MIMO layers: 

i) Allow UE to indicate reduced BWP switch delay and interruption time [RAN4]

ii) Reduce RRC signalling overhead for BWP configuration [RAN2]

d) Study and specify, if needed, DCI-based scheme to trigger aperiodic short-term PDCCH monitoring skipping for latency-sensitive services, based on short DRX or no DRX [RAN1, RAN2]

3) Specify enhancements to reduce UE idle-mode power consumption [RAN1, RAN2, RAN4]

a) Specify broadcasting assistance information to idle mode UEs, including the information of potentially cell-wise available RS and/or code rate limit on paging data [RAN1, RAN2]

b) Specify enhancement(s) for paging indication, time-frequency synchronization, and RRM measurement to reduce UE wake-up time, including enhancement(s) for PDCCH-based paging indication and/or additional RS/sequence [RAN1, RAN4]

i) Note: No impact to legacy idle-mode UEs

c) Specify paging procedure enhancement for reduced UE wake-up frequency, including reduction in paging false alarm rate [RAN2]

4) Study and specify, if needed, techniques for network power saving, including [RAN1, RAN2, RAN4]

a) Study/specify gNB antenna adaptation and network cells ON/OFF and the corresponding requirement(s) on UE [RAN1, RAN4]
b) Study/specify UE assistance information to assist network power saving [RAN1, RAN2]
5) Extend UE power consumption model to cover more use cases [RAN1]

a) Include traffic model for services of lower latency requirement, e.g., cloud gaming, XR, etc.

b) Extend simulation assumptions, including DC and CA with SCell dormancy behaviour, NR-U power scaling regarding LBT, FR2 BW scaling, UE behaviour for beam-management, UE behaviour for paging monitoring regarding measurements, etc.
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Expected Output and Time scale
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Note 1:
Only TSs may contain normative provisions. Study Items shall create or impact only TRs.
"Internal TR" is intended for 3GPP internal use only whereas "External TR" may be transposed by OPs.
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