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3GPP™ Work Item Description
For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title:	Study on UE Power Saving and Wakeup Mechanism in NR 
Acronym:SI_NR-WUPS
Unique identifier: 	{A numberto be provided by MCC at the plenary}
NOTE:	For new WIs/SIs leave the Unique identifier empty but you may make a proposal for an Acronym.
	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. 
	Please tick (X) the applicable box(es) in the table below:
	Either:
	This WID includes a Core part
	

	This WID includes a Performance part
	


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	



1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	
	
	
	

	No
	X
	X
	X
	X
	X

	Don't know
	
	
	
	
	



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a study item.
	
	Feature

	
	Building Block

	
	Work Task

	X
	Study Item



NOTE:	Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks.If you are in doubt, please contact MCC.
2.2	Parent and child Work Items 

	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".

2.3	Other related Work Items and dependencies

	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	700058
	Study on Scenarios and Requirements for Next Generation Access Technologies
	

	690060
	Study on channel model for frequency spectrum above 6 GHz
	

	710062
	Study on New Radio (NR) Access Technology
	

	700022
	Study on Stage 1 for New Services and Markets Technology Enablers
	

	700017
	Study on Architecture and Security for next Generation System
	


NOTE:	Classical examples: List a preceding SI or a preceding WI (e.g. if you further enhance a topic). Also related or dependent WIs in other TSGs should be indicated.

3	Justification
UE power saving is critical to the development of NR systems.  Reducing UE power consumption will improve the user experience of mobile phone sustainability in the access to the NR network.NR system expects to support large number of connectivity with high density of UEs in an area.  NR system design needs to support efficient network access with minimum power consumption. In particular, NR system would have high speed data transport.  User data will come and serve in very short duration.  UEs will be in inactive or IDLE state most of time.   UEs need to minimize the power consumption and efficiently access the network when they are in IDLE or inactive state.   Current device power saving feature for UE in IDLE and inactive state is for the network to configure the device with the DRX cycle for UE in the sleeping mode.   The device wakes up when there is data to transmit.  If no data to transmit, the device wakes up periodically based on configured DRX cycle and listens to paging or decodes the DL control channel for potential scheduling grant.   Most of time, UE decodes the DL control channel with the results of no DL or UL grant. The configuration of DRX cycle would consider both power saving and latency.   If the DRX length is long, the UE will have less power consumption but high latency in average for the network access. Day of usage (DOU) model has been identified in the R14 study item as an effective methodology for overall UE power consumption evaluation. In addition, with the increasing of deployed frequency bands or frequency carriers of same band in one network, inter-frequency measurement in both IDLE and CONNECTED modes become more and more challenging, which will inevitably cause more power consumption.
ITU-R defines energy efficiency as one of the minimum technical performance requirements for IMT-2020. According to ITU-R report - Minimum requirements related to technical performance for IMT-2020 radio interface(s), “energy efficiency of the device can relate to the support for the following two aspects: a) Efficient data transmission in a loaded case; b) Low energy consumption when there is no data. Efficient data transmission in a loaded case is demonstrated by the average spectral efficiency. Low energy consumption when there is no data can be estimated by the sleep ratio”.
One efficient UE power saving mechanism is to trigger UE for network access from power efficient mode when data arrives in IDLE, CONNECTED and INACTIVE states. UE would stay in the power efficient mode, such as micro sleep or OFF period in the long DRX cycle, unless it is informed of network access through UE wakeup mechanism. NR network needs to register UE location continuously in order to wake up UE from power efficient mode. With UE mobility, the UE wakeup procedure would work with paging mechanism to locate and wake up UE for network access.   Alternatively, network may indicate the UE to switch from the “network access” mode to the power efficient mode when there is no traffic to deliver. The UE wakeup mechanism may be used by the network to trigger UE from the power efficient mode to “network access” mode. UE power saving with wakeup signals is part of study in LTERel-15 NB-IOTenh2 and LTE_eMTC4,  The study results of wakeup signals in LTERel-15 NB_IOTfenh and LTE_efeMTC should be taken into considerations in the NR UE power saving and wakeup mechanism.   The study of NR UE power saving and wakeup mechanism would be comprehensive to include all general aspects, such as the wakeup signals and the related procedures, operation of wakeup signals in-band and out-of-band, consideration of UE mobility, minimizing PDCCH monitoring and decoding with wakeup signals, coverage of wakeup signals, and the blocking performance with in-band/out-band interference.   
In addition to minimizing the power consumption with a new wake up mechanism, it is equally importance to reduce the power consumption after UE wakes up.  Typically, UE wakes up for a burst of data delivering followed by a (long) duration of PDCCH monitoring or small data communications.   More than half of the power consumption in LTE is UE is in access mode.   From physical-layer perspective, the dominating factors are aggregated bandwidth, active RF chain number and active reception/transmission time. Since the majority cases of LTE field TTIs are with no data or small data, it is useful to apply small bandwidth and few MIMO layers for those TTIs so as to effectively reduce UE RF related power consumption.    
UE power saving mechanism should also be extended to carrier aggregation and dual connectivity. BWP adaptation in Rel-15 already shows the usefulness of dynamic bandwidth management for power saving purpose; CA/DC is another form of bandwidth management and should also be optimized for power. How to maximize power saving benefits of wake-up signal in the context of CA with DRX should be studied. SCell activation procedure can be further optimized for power saving. Unified framework for signaling for fast SCell activation/deactivation/sleep and BWP activation/deactivation signaling should be considered.
In addition to CA/DC, other aspects of UE power reduction during “network access” mode (i.e. after UE is woken up) should be considered. Bandwidth adaptation, configurability for cross-slot scheduling and PDCCH monitoring occasion periodicity had been introduced in Rel-15. Dynamic adaptation in other domains, particularly the number of active antennas, can also be studied for Rel-16. Furthermore, methods to enhance the transitions between “network access” mode and power saving mode should be considered. For example, support for aperiodic reference signal to facilitate fast re-synchronization (including beam management for FR2) is expected to reduce the transition time into “network access” mode from DRX.
It is expected that UE power consumption would be more challenging for millimetre wave (FR2) usage. It is important to consider the effectiveness of the above power saving techniques when applied to deployment scenarios that include millimetre wave usage. Beam management and wake-up mechanism should work together to facilitate fast transition from power efficient mode to “network access” mode.  


UE also consumes a lot of power for RRM measurements.  In particular, UE would need to power up before the DRX ON period to track the channel in preparation for the RRM measurement.  Some of the RRM measurements are not necessary but consumes a lot of UE power, for example the low mobility UEs does not have to measure as frequent as   high mobility UEs. Network would provide the signalling to assist UE to reduce the power consumption on unnecessary RRM measurements. Additional UE assistance, for example the UE status information, etc, is also useful for the network to enable the UE power consumption reduction on RRM measurements.
4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective is to study UE power saving and UE wakeup mechanism in NR. Depending on the service requirement, the UE wakeup mechanism triggers UE network access with little or no power consumption from power efficient mode, such as deep sleep in DRX cycle or micro sleep.   The objective of the UE power saving study includes the following,
1. Study and identify the scenarios and evaluation methodology for UE power saving study. [RAN1/2]
a) The evaluation methodology should quantitatively evaluate UE power savings and impact on the network operation and performance, e.g., UE network synchronization, network energy consumption and resource consumption, and eo-existence with other system.

1. Identify techniques and associated UE power savings of UE wakeup mechanism in RRC_IDLE, RRC_CONNECTED, and RRC_INACTIVE modes[RAN1/2/4]
a) Identify the design aspects for wakeup signal, which includes the transmitting signal and the waveform, physical channel structure and related procedure as the indication to trigger UE from the power efficient mode to “network access” mode [RAN1/2]. 
b) Study the UE receiver with low or no power consumption in receiving wakeup signals [RAN1/4]. 
c) Study the network-assistance mechanism for RRC_CONNECTED mode UE to enter the power efficient mode.
d) Study the latency and reliability of UE network access with UE wakeup mechanism taking the network overhead into consideration. 

1. Study the network-assistance mechanism for enhancing power saving of RRC_CONNECTED mode UE in network access mode and power efficient mode, [RAN1/2/4]
a) Evaluate UE power saving and enhancement of existing UE power saving techniques, e.g. dynamic BWP adaptation, reducing PDCCH monitoring, and cross-slot scheduling. 
b) Study UE power saving schemes during network access, e.g., dynamic carrier activation/deactivation in CA/DC and adaptation of Tx/Rx antenna

1. Study the latency and reliability of UE network access and the trade-off [RAN1/2]
1. Study the UE power consumption reduction in RRM measurements with network assistance [RAN1/2/4]
a) Study additional UE assistance information
1. Study the enhancement of paging procedure in RRC_IDLE/RRC_INACTIVE mode and DRX configuration  and DL/UL access procedure in RRC_CONNECTED mode with UE wakeup mechanism [RAN1/2]
a) Study the enhancement of  location registration and paging procedure with wakeup signals
b) Study the enhancement of access procedure, e.g., enhancement of DRX procedures with adaptation to traffic patterns, such as DL and UL only traffic
c) 
4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.
additional comments to the time budget request in the attached Excel table:


5	Expected Output and Time scale
	New specifications{One line per specification. Create/delete lines as needed}

	Proposed Spec no. or series
	Type (see note 1) 
	Title
	For info 
at TSG#
	For approval at TSG#
	Remarks

	TR38.xxx
	TR
	[bookmark: _GoBack]Technical Report for New Radio UE Power Saving and Wakeup Mechanism
	RAN1
	RAN#83
	


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.
NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Remarks for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.
6	Work item Rapporteur(s)

7	Work item leadership
RAN WG1
Secondary RAN WG2, RAN WG4

8	Aspects that involve other WGs
NOTE:	For RAN WIDs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.
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