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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Discussion
During the power saving SI, the followings studies are included, 
· Evaluation methodologies (including power models)
· UE adaptation to the traffic and power consumption characteristic 
· Power saving signal/channel/procedure for triggering adaptation to UE power Consumption
This contribution provides initial thoughts on the SI observations and conclusions for further discussion. The power saving gain shown in this contribution is according to the latest power saving TR (TR 38.840) and it can be updated after more results are provided and discussed in this meeting. 
2. UE adaptation to the traffic and power consumption characteristic
2.1. Adaptation in frequency domain
The UE adaptation in frequency domain has been studied, and the followings are captured in the TR [1]:
	The UE BWP adaptation is to dynamically switch the BWP by gNB based on, e.g., the traffic to support efficient operation of BWP switching in reducing the UE power consumption.  
The UE adaptation to the CA/DC is to fast activation/deactivation of the SCell by gNB based on, e.g., the traffic to support efficient operation for fast SCell activation/deactivation in achieving UE power saving.  
The UE power saving schemes for the UE adaptation in frequency domain for further study are as follows, 
· BWP -  UE adaptation to different BWP
· RS to assist UE channel tracking and measurements to assist BWP switching  
· The assistance may also include CSI measurements (UE processes one BWP at a time)
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX
· UE assistance information could be considered
· CA/DC
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· Including cross carrier scheduling
· Power adaptation based on the operation in a group of cell in power efficient way
· CSI/RRM measurements and beam management at non-active SCell
· UE assistance information could be considered



The power saving for schemes of adaptation in frequency domain has been studied in RRC connected state. However, for each scheme, there is very limited evaluation results and discussions. It is proposed to further discuss and clarify the evaluation results before conclusion is given.
2.2. Adaptation in time domain
The UE adaptation in time domain has been studied with following categories:
· Cross-slot scheduling
· Same-slot scheduling
· Multi-slot scheduling
	For cross slot scheduling, the followings are captured in the TR:
	The UE power saving schemes with UE adaptation to the traffic arrival in the time domain includes cross slot scheduling, single slot scheduling with a gap between PDCCH and PDSCH reception, and multi-slot scheduling.  For both cross-slot scheduling and single slot scheduling, the UE may achieve power consumption by switching to micro sleep after PDCCH reception.  For multi-slot scheduling, the UE may achieve power consumption by skipping the PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission.
· Cross-slot scheduling    
·  Minimum K0 > 0 and aperiodic CSI-RS triggering offset is not within the duration - UE could switch to micro sleep 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 
· Minimum K2 > 0 is essential to avoid the requirements of fast PDCCH processing

· The general procedure for the study of the power saving scheme when cross-slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any) 
· All schedulable TDRA values have K0 > = x and K2 >= x where x > 0
· Determination of value x is FFS (which may also be done in the WI phase), e.g., may also be impacted by BWP switching triggered by DCI (jointly with cross-slot scheduling, if supported), etc.
· All aperiodic CSI-RS triggering offsets are not smaller than the value x
· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values
· Note: DRX cycle assumed in the evaluation results summarized in the table below is not necessary long DRX cycle; detailed DRX cycle assumption can be found in each reference
· The following table is subject to further update, particularly regarding evaluation results/assumptions



For same slot scheduling, the followings are captured in the TR:
	· 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.
· Note: cross-slot scheduling could be incorporated in the TDRA configuration
· Power model for TDRA power saving scheme is the slot-averaged power for a slot with N-symbol PDSCH aligned to the end of the slot and PDCCH at the beginning of the slot reported by the proposed scheme.

· The general procedure for the study of the power saving scheme when same slot scheduling is used 
·  gNB semi-statically configures TDRA to the UE, subject to UE capability (if any). 
· All schedulable TDRA values with K0=0 include at least Y symbols between the last PDCCH symbol and the first PDSCH symbol 
· Y is FFS 
· Note: the value of Y is necessary for power modelling in evaluation, although the specification (if specified) of Y value may also be done in the WI phase
· Note: in case there is a TDRA entry with K0>0, it is assumed that the gap between the last PDCCH symbol in a first slot and the first PDSCH symbol in a second slot is no less than Y
· All aperiodic CSI-RS triggering offsets are greater than Y symbols 
· UE decodes PDCCH and retrieves the index of schedulable TDRA values
· UE could go to micro sleep after reception of last PDCCH symbol 
· UE processes PDSCH at the indicated starting time from TDRA values



For multi-slot scheduling, the followings are captured in the TR:
	· 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.


7 companies evaluated the cross-slot scheduling and the average power saving gain of cross-slot scheduling is up to 30% for different configurations. Only 1 company evaluated the same-slot scheduling. 2 companies evaluated the multi-slot scheduling, and one shows there is no gain for multi-slot scheduling. Given that the cross-slot scheduling has been fully evaluated and the power saving benefit is clear. It is recommended to specify enhanced cross-slot scheduling. For example, the UE preferred K0/K1/K2 value can be reported to the network to enable more efficient cross-slot scheduling. 
2.3. Adaptation in antenna domain
The UE adaptation in antenna domain has been studied, and the followings are captured in the TR:
	· The UE power saving schemes with UE adaptation to the traffic is to reduce the number of antenna/panels or MIMO layers indicated by the network semi-statically or dynamically to achieve the UE power saving. 


4 companies evaluated the schemes of adaptation in antenna domain and the average power saving gain is about 12%-30% for different schemes and configurations. The evaluated schemes include adaptation in the number of antenna/panels or MIMO layers. Based on the study, it is recommended to specify adaptation in the number of antenna/panels or MIMO layers during the work item. 
2.4. Adaptation in DRX operation
The UE adaptation in DRX operation has been studied, the study includes the power saving signal/channel triggering UE adaptation to DRX operation and dynamic DRX configurations.
For power saving signal/channel triggering UE adaptation to DRX operation, the followings are captured in the TR:
	The power saving scheme of power saving signal/channel triggering UE adaptation to DRX operation is to configure the power saving signal/channel before or at the beginning of the DRX ON duration to trigger UE waking up only when there is DL data arrival.   UE is not required to wake up at the DRX ON at least for PDCCH monitoring, if the power saving signal is not detected. The go-to-sleep signaling is used as the indication allowing UE going back to sleep state after completion of PDSCH reception during the DRX ON period to further reduce the UE power consumption. 

For power saving scheme with UE adaptation to the DRX operation for further study
·  UE adaptation of its behavior to the DRX operation for UE power consumption reduction
· When is configured with power saving signal/channel, power saving signal/channel as the indication whether to wakeup or not before or at the beginning of DRX ON duration
· At least for the indication of PDCCH monitoring

· Preparation period is used for (e.g., to perform channel tracking, CSI measurements, beam tracking). 
· Preparation period can be used in preparation for the PDCCH decoding
· Preparation period could be before or during the DRX ON duration
· Network can indicate UE to report CSI before or after the power saving signal/channel (if configured) during the preparation period 
· Network can indicate additional RS transmission (e.g., CSI-RS, TRS, SSB and power saving signal) at the preparation period
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· MAC-CE 
· DCI 
· Power saving signal/channel
· Constraints on scheduling DCI during DRX_ON


11 companies evaluated the schemes of power saving signal/channel before or at the beginning of the DRX ON duration and the average power saving gain can be up to 90% for different configurations. 

For Dynamic DRX configuration, the followings are captured in the TR:
	· Dynamic DRX configuration including at least the following 
· UE is configured with multiple DRX configurations
· Dynamic selection of DRX configuration by gNB from multiple DRX configurations (e.g., traffic, mobility) 
· UE assistance information may be considered
· Adaptive parameters setting of one DRX configuration 
· UE assistance information may be considered
· DRX parameters are indicated by gNB
· Adaptive UE behavior in the DRX operation (e.g, restart the inactivity timer)


5 companies evaluated the schemes of dynamic DRX configuration and the average power saving gain is about 7%-65% for different configurations. 
Based on the above study status, it is recommended to specify the following DRX enhancements 
· Power saving signal/channel triggering UE adaptation to DRX operation
· Dynamic DRX configurations
2.5. Adaptation in PDCCH monitoring/decoding
The UE adaptation in PDCCH monitoring/decoding has been studied, and the followings are captured in the TR:
	The UE power consumption can be reduced when the number of UE PDCCH monitoring occasions and/or the number of PDCCH blind decoding is reduced.  
The power saving schemes to reduce PDCCH monitoring and blind decoding for further studies are as follows,
· Triggering of PDCCH monitoring – dynamic trigger through L1 signal/signaling
· Power saving signal triggering PDCCH monitoring
· Go-to-sleep signaling to skip PDCCH monitoring
· PDCCH skipping
· DCI based indication for PDCCH skipping (e.g., indication in DCI content, new SFI state).
· L1 signal/signaling (other than DCI) based triggering  -
· Multiple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORESET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORESET/search space ON/OFF
· Adaptation between DRX ONduration timer and inactivitytimer
· Separated PDCCH monitoring of DL and UL
· L1 signaling triggering to assist  UE in reducing the number of PDCCH blind decoding 
· Reduced PDCCH monitoring on SCell (including cross carrier scheduling)
· Network assistance –  RS is dynamically transmitted based on the need to assist UE performing synchronization, channel tracking, measurements and  channel estimations before PDCCH decoding


10 companies evaluated the schemes of dynamic triggering of PDCCH monitoring and dynamic adaptation among multiple CORESET/search space configuration and the power saving gain can be up to 89% for different configurations. So it is recommended that the above schemes to be specified in WI. 
2.6. UE assistance Information
The UE assistance information for power saving has been studied, and the followings are captured in the TR:
	The UE assistance information for any UE power saving scheme is for UE to provide the assistance information to the network in configuration for UE adaptation to achieve power saving gain. UE assistance information reported by UE for power saving is a UE recommendation and the network shall make the final decision on whether and how to use that information.

The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding
Other UE assistance information for the power saving schemes is not precluded.



The evaluated schemes of UE assistance information including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration, etc, and the gain can be in range of 3%-80% for different configurations. 
Based on the study, it is recommended to specify UE assistance information at least including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration, etc, during the work item. 
3. Power saving signal/channel/procedure for triggering adaptation to UE power Consumption
The power saving signal/channel for triggering UE adaptation has been studied, and the followings are captured in the TR:
	The power saving signal/channel for UE adaptation includes the following signals/channels for further study
· Existing signal/channel based power saving signal/channel
·  PDCCH channel
· TRS, CSI-RS type  RS, SSS-like and DMRS
· PDSCH channel carried MAC CE and/or RRC signaling
· New power saving signal/channel – sequence based 
The aspects of the power saving signal/channel used for the UE adaptation to the traffic used for further evaluation of power saving signal design in addition to its triggering to the power saving gain.  
· Network resource overhead  
· Resource and/or periodicity of power saving signal/channel
· Multiplexing capability
· Usage of resource
· Coexistence/multiplexing with existed signal/channel of Rel-15
· UE-specific, group-specific, cell-specific power saving signal/channel
· Detection performance
· Complexity
· Power consumption of the power saving signal/channel



The detailed design of power saving signal/channel is related to the power saving scheme, there were discussion in the study item but the down-selection of different design alternatives has not been made. However, the power saving signal/channel is essential for UE adaptation to power consumption characteristics.
Therefore, it is recommended to further down-select among different power saving signal/channels alternatives during WI phase, taking into account the related power saving schemes, network resource overhead, Coexistence/multiplexing with existed signal/channel of Rel-15, detection performance, complexity, multiplexing among UEs, etc. 
4. UE power saving for RRM
The power saving studies for RRM includes multiple categories as the following. 

[bookmark: _Toc655903]Adapting/Relaxing RRM measurement in time domain
For time-domain relaxing aspect, adapting/relaxing measurement period is considered as one promising technique with sufficient results and detailed proposals, and spec impact has been identified.
·  The performance evaluations
· For low mobility and stationary case, 4 sources  show that relaxing measurement period provides power saving gain by more than 20-30% for certain configuration, e.g,
· Increasing the measurement period four times,
· DRX inactivity timer is short,

The followings are capture in the TR:
	For certain conditions (e.g., favorable RSRP conditions, etc.), reducing RRM measurement activities (e.g., measurement, reporting) for a given time period is beneficial from UE power saving perspective for RRC IDLE/INACTIVE/CONNECTED states.



· At the same time, 3 sources (R1-1900042, R1-1900147, R1-1901327) provided results for RSRP accuracy when relaxing the measurement period. With all the results, for low mobility and stationary case, it is shown with time domain reduction of the RRM measurement, the RSRP accuracy can still be guaranteed. The impact to mobility performance, due to relaxed measurement period, has not been evaluated during the SI and is expected to be further evaluated during WI phase. 

The followings are capture in the TR:
	[bookmark: _Hlk529974035]For certain conditions (e.g., low mobility deployment/UE speed/favorable RSRP conditions), the number of RSRP measurement samples for a given duration (e.g., measurement period / evaluation period) can be relaxed with negligible impact on accuracy achieved by existing Rel-15 measurement.




· The potential enhancements for RRM adaptation in time domain has been studied and followings are captured in the TR:
	· For UE autonomous RRM measurement adaptation in time domain with gNB controlled threshold, the following thresholds and corresponding adaptation schemes can be considered,
· A RSRP threshold for UE adapting RRM measurement period, 
· A RSRP threshold for UE adapting RRM number of samples within a measurement period, 
· A RSRP threshold and a RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period 
· A RSRP variation threshold within a period of time, and based on that, UE can adapt the measurement or report period
· A threshold for UE adapting RRM measurement period and the threshold can be at least one of the followings,
· The amount of time during which the UE stays with a specific cell or beam (for RRM measurement) 
· UE’s active TCI state for PDCCH does not change for specific time period.
· The number of handovers/reselections for certain period.
· A threshold which includes UE mobility status, serving cell quality, and based on that, UE can adapt the SMTC window, number of CSI-RS resources sets per target cell, periodicity of CSI-RS resources.



[bookmark: _Toc655904]Adapting/Relaxing intra-frequency measurements

Adapting/Relaxing intra-frequency measurements have been studied with performance evaluations, and the followings observations have been captured in the TR. It is therefore proposed to specify the corresponding enhancements in the WI.

	It is observed that the following mechanisms can be beneficial in achieving the UE power saving,
· Reducing the number of cells for intra-frequency measurement can be beneficial for UE power saving, 
· Assuming that UE can limit the processing for measurement within a constrained time period and/or with reduced complexity.
· Assuming number of neighbouring cells to be measured is reduced.
· For UE power saving perspective, reducing the need in neighbour cell intra-frequency measurement can be beneficial.



[bookmark: _Toc655905]Power Saving Schemes for RRM measurements with Additional Resource

RRM measurements with additional resource have been studied and performance evaluations have been performed. Companies had different motivations and proposals for additional RRM resource. 
· One company’s proposal is for reducing neighboring cell measurement by SFN approach, one company’s proposal is for AGC tuning. 
· Two companies’ proposal is trying to reduce the active time for measurement but from different angles. 
· One proposal is for reducing measurement samples while the measurement accuracy can still be guaranteed.
· The other proposal is for reducing measurement samples while the measurement accuracy can still be guaranteed. 
However, there is general consensus that an additional RRM resource will be beneficial, according to the following text captured in the TR:
	While it is observed under certain conditions and deployment scenarios, additional resource for RRM measurement can be beneficial for UE power saving, including at least the following aspects: 
· Minimizing/reducing the timing gap between measurement (e.g., SSB) and DRX ON duration (e.g., paging monitoring occasion/reception, data reception, etc.) 
· Additional resource around the measurement occasion, e.g., for AGC assistance
· Reducing measurement activities by providing additional resource may provide sufficient measurement/T-F accuracy.



In addition, the potential design alternatives for additional RRM resource have been identified, according to the following agreements reached in RAN1 NR Adhoc 1901.
	· The followings can be considered as the usage of additional resource for RRM measurement,
· CSI-RS, including TRS
· SSS only
· SSB
· PSS, SSS and wake-up signaling/paging
· E.g., including transmitted in SFN (single frequency network) manner
· DMRS for RMSI PDCCH/PDSCH for standalone 
· Additional new RS/signal (e.g, configuring additional RS next to SSB) in addition to existing RS/signal in Rel-15
· Note: Existing structure/waveform of Rel-15 signals/channels is recommended to be studied for additional resource
· Note: companies report the purpose of additional resource for RRM measurement, e.g., measurement, cell search and etc.
· Companies report in which of the following RRC state(s) the additional resource can be used,
· RRC IDLE
· RRC INACTIVE
· RRC CONNECTED



Based on the above study, it is proposed to specify at least one additional RRM resource and the down-selection among different design alternatives can be done in the WI phase. 
5. Conclusion
Based on the above discussions, the following text is proposed for the conclusion Section 7 of TR38.840.
<Note: TR conclusion>
In power saving SI, UE adaptation to the traffic and power consumption characteristic in frequency, time, antenna, CDRX domain and in reducing PDCCH monitoring have been studied. Performance evaluations have been done which show significant power saving benefit for UE adaptation to the traffic and power consumption characteristic in time, antenna, CDRX domain and in reducing PDCCH monitoring. It is recommended to specify the following enhancements in WI:
· UE adaptation in time domain: enhanced cross-slot scheduling
· UE adaptation in antenna domain: adaptation in number of antennas/panels and maximum MIMO layers
· UE adaptation in CDRX operation
· Power saving signal/channel triggering UE adaptation to DRX operation
· [bookmark: _GoBack]Dynamic DRX configurations
· UE adaptation in reducing PDCCH monitoring
· Dynamic triggering of PDCCH monitoring
· Dynamic adaptation among multiple CORESET/search space configurations
· Power saving channel/signal and the related procedures.
To facilitate network adaptation, UE assistance information has been studied and considered beneficial. It is recommended to specify the necessary UE assistance information, at least including UE preferred processing timeline parameters, UE preferred BWP, UE preferred antenna configuration, UE request on SCell/SCG activation/de-activation/configuration.
The RRM power saving for all RRC states has been studied with focus on stationary to low mobility scenarios. The power saving studies for RRM include adapting/relaxing RRM measurement in time-domain (e.g. the measurement period, or number of measurement samples per measurement period), adapting/relaxing RRM measurement for intra-frequency measurement (e.g. reducing the number of measured cells), and additional resources for RRM measurements. It has been concluded beneficial from UE power consumption perspective if one or more RRM power saving techniques can be utilized. It has been concluded that RSRP accuracy can be guaranteed with adapting/relaxing RRM measurement in time-domain while the impact on mobility performance due to RRM adaptation/relaxation is expected to be further checked during the work item. Based on the study, it is recommended to specify the adapting/relaxing RRM measurement in time-domain, adapting/relaxing RRM measurement for intra-frequency measurement, and additional resources for RRM measurements during the work item.
< TR conclusion end>
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