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7.2.9.2.1 UE adaptation to the traffic and UE power consumption characteristics  

UE power saving schemes with UE adaption to the traffic and UE power consumption in time, frequency, DRX configuration, antenna domain, and  DRX configuration, antenna domain, and UE processing time.  Description and preliminary evaluation results of some power saving schmes had been shown.  The offline discussion focuses on the description of the power saving schemes with preliminary evaluation results showing the power saving gain to allow further study of the power saving schemes.  It is proposed by the feature lead that the detail descriptions and procedure of any proposed power saving scheme should be included along with the evaluation results for the contributions submitted for the next meeting.   
· For power saving scheme with UE adaptation in time domain

The UE power saving schemes with UE time-domain adaptation were discussed.  The high-level description were discussed with the following conclusions

Offline conclusions: 

· UE switching to micro sleep after PDCCH reception 
· Cross-slot scheduling    
·  Minimum K0 > 0  and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep right away after PDCCH reception – no addition PDSCH and CSI-RS signals reception  within the given duration (e.g. the same slot)
· It is known to the UE at PDCCH decoding
· Extended micro sleep time and  reduce the PDCCH processing in reducing UE power consumption 
· FFS: whether minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing 

· Same slot scheduling 
· Adaptation of  TDRA configurations to achieve UE power saving – ensure the gap between PDCCH reception and PDSCH transmission known to the UE
· Adjustment of TDRA configuration
· Selection of TDRA entry in the TDRA table (e.g. K0 > 0)
· Note:cross-slot scheduling could be incorporated in the TDRA configuration
· FFS: Power model for TDRA power saving scheme

· Multi-slot scheduling – PDCCH decoding in one slot (e.g., one DCI, multiple DCI) supports scheduled PDSCH/PUSCH transmission over multiple slots.     
· Achieving UE power consumption reduction by potentially skipping PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.     


The UE adaptation to the DRX configuration and other domains would be further discussed offline.  
· For power saving scheme with UE adaptation to the DRX configuration

· Power saving signal triggers UE adaptation to DRX cycle shows significant UE power consumption reduction
· Power saving signal as the wakeup signal before DRX ON cycle
· Power saving signal triggers CSI measurement 
· Pre-wakeup window configuration for UE to perform channel tracking and RRM/CSI measurements in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication for UE going back to sleep state after PDSCH decoding
· Dynamic DRX configuration – parameters could be dynamic adapted to the traffic arrival
· Dynamic selection of DRX configuration from multiple DRX configurations to adapt to the traffic arrival
· Adaptive parameters setting with dynamic indication 
· UE feedback on the DRX configuration, such as DRX ON duration, 

Possible Conclusion:
Power saving signal triggers UE adaptation to DRX cycle shows significant UE power consumption reduction.  
Power saving signal is configured before the DRX ON cycle to trigger UE waking up only when there is DL data arrival.    UE is configured with pre-wakeup window for UE  performing channel tracking and RRM/CSI measurements.   The Go-to-sleep signaling provide as the indication for UE going back to sleep state after completion of PDSCH reception during the DRX ON period provides further power saving.   
· It is further study on dynamic DRX configuration with adaptive DRX parameters configuration
	
· For power saving scheme with UE adaptation in frequency domain
· BWP – multiple BWPs configuration associated with UE power consumption and traffic characteristics
· UE dynamic switching to different BWP associated with the traffic types
· UE reports preferred BWP profile to assist network BWP switching – UE power consumption reduction shown with different traffic load (e.g., FTP file sizes) operating at different BWP configuration.
· CSI measurements of non-active BWP  
· RS (including SRS) configuration to assist UE perform channel tracking and CSI measurements at non-active BWP
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC signaling) – 
· Operation in a goroup of cell  - 
· UE request on SCell/SCG activation/de-activation
· CSI/RRM measurements and beam management at non-active SCell

Possible conclusion –

UE power saving gain has been shown with adaptation to the traffic arrival by dynamic BWP switching and fast activation of SCell in CA/DC.   Rel-15 BWP switching mechanism is sufficient for the dynamic BWP switching.   Rel-16 fast SCell activation in MR-DC should be considred as the mechanism for UE power saving.  Additional enhancements of dynamic BWP switching  or fast SCell activation in the following should be FFS
· UE report of preferred BWP
· RS configuration and CSI measurements in non-active BWP/SCell.  


· Power saving scheme with UE adaptation in antenna domain 

· UE power consumption reduction is shown when less number of antenna/penals or MIMO layers are actively supported by the UE.   
· Impact of network performance needs to be addressed when the number of antenna/penals or MIMO layers is reduced
· UE is indicated with the number of panels/antenna 
· Power saving mode based on subset of configured TCI states and spatial relationship

Possible conclusion –

UE power saving gain is shown by UE adaptation to the traffic with reduced number of antenna/penal or MIMO layers.  
· It is FFS on the indication of the change in antenna configuration 
· It is FFS on the impact to the system performance


· UE power saving scheme with UE adaptation to UE processing time 

· Timeline adaptation with relaxation of processing time – minimum K1 and minimum K2 > 0 
· Allow the UE to reduce the power in the processing
· 
· UE feedback the preferred processing time K0, K1, K2 values

Possible conclusion –

It is FFS on the power saving benefit of UE indicated preferred processing time of K0, K1, and K2 values.   


· UE power saving scheme for reducing PDCCH Monitoring

· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monintoring
· Go-to-sleep signaling to stop PDCCH monitoring
· PDCCH skipping - 
· DCI based PDCCH  -
· SFI based PDCCH skipping -
· Mulitple CORESET configurations 
· Configuration of different PDCCH periodicities
· Dynamic search space configuration – DCI based indication 
· Dynamic CORSET ON/OFF

· Reduced number of PDCCH blind decoding – 
· Power saving signal triggered PDCCH monitoring occasion
· 
· Reduced PDCCH monitoring on SCell

· Network assistant – on-demand RS is configured to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding after UE stays in sleep mode for long time 


Possible conclusion –

UE power saving reduction has shown when the number of UE PDCCH monitoring occasions is reduced.  The reduction of PUDCCH occasions includes,
Multi-slot scheduling with single DCI schedule PDSCH transmission over multiple slots provides UE power saving gain.
· Configuration of longer PDCCH monitor cycles
· Power saving signal triggered PDCCH monitoring
· Control signalinsg, such as DCI or SFI, indicated in skipping PDCCH monitoring.  
· Dynamic CORESET ON/OFF
· Dynamic search space configuration

It is FFS on how to reduced PDCCH monitoring on SCell and reduced the number of PDCCH blind decoding


· Assistant information for UE adaptation –
· UE assistant:  UE assistant information/feedback used for adaptation in some domains
· UE preferred K0, K1, K2 values
· UE preferred BWP information
· UE preferred antenna configuration, including MIMO layers and number of active antenna penals.
· 
· Network configured UE Power profile: package of UE power consumption in adaptation to more than one domain
· BWP
· CA/DC
· Antenna configuration


Possible conclusion –

RAN1 should discuss the required assistant information before join discussion with RAN2.   
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