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Introduction
In RAN#80, the NR Rel-16 UE power saving SID [1] was agreed with the objectives in the following and the target completion date in RAN1 by RAN#83 (March 2019).    In RAN1#95, the following power saving schemes with UE adaptation are identified to be studied (including detailed scheme, performance, complexity, overhead, etc.)
Agreements:
RAN1 to study further following:
· 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.     
· Other approach(es) not precluded

Companies are enouarged to perform more analysis/evaluations for the above schemes

Agreements:
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
· Power saving signal as the signal for 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 in advance of DRX ON, e.g., to perform channel tracking, CSI measurements, beam tracking, in preparation for the PDCCH decoding 
· Go-to-sleep signaling as the indication allowing UE going back to sleep state
· Constraints on scheduling DCI during DRX_ON

· 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 of one DRX configuration 

Other power saving schemes with UE adaptation to the DRX operation are not precluded.
Note: UE background processing, e.g.,periodic RRM/CSI measurements, beam management, RLM, time/frequency tracking,  needs to be studied in accordance to UE adaptation to DRX operation.

Agreements:
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  
· Enhancement of L1 signaling, e.g., power saving signal or DCI for power saving, in triggering the BWP switching
· Association of BWP and DRX configuration
· CA/DC – 
· Quick activation/de-activation (e.g.,L1 signaling, MAC CE enhancement) 
· Adaptation of PDCCH monitoring/search space on activated SCell 
· 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

Other power saving schemes with UE adaptation in frequency domain are not precluded.

Agreements:
RAN1 to further study the following, 
· The power saving schemes of indicated processing time of K0, K1, K2 and aperiodic CSI-RS offset in advance allows the UE in staying low power consumption state for the UE power saving.  
· Other schemes are not precluded

Agreements:
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  -
· Mulitple CORESET/search space configurations 
· Configuration of different PDCCH periodicities with dynamic signaling
· Adaptation of CORSET/search space configuration – DCI/timer/HARQ-ACK based indication 
· Dynamic/semi-persistent CORSET/search space ON/OFF
· Adaptation between DRX ON duration timer and inactivity timer
· 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 

Other power saving schemes for the reduction of PDCCH monitoring and blind decoding are not precluded.

Agreements:
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.


This contribution describe the detail and the procedures the UE power schemes with UE adaptation to the time domain, BWP switching, DRX operation and reduce PDCCH monitoring          

Power Saving Schemes with Adaptation 
The field measurements for LTE network deployment shows that most of subframes are with no data or small data.  The power saving scheme for the dynamic adaptation to the different data arrival should be studied in detail to minimize the power consumption during the network access.  Dynamic adaptation to traffic in different dimensions, such as carrier, antenna, beamforming, bandwidth, resource allocation in time, DRX configuration, and UE processing time should be taken into consideration in the UE power saving study.   

UE Adaptation in Frequency Domain

The UE power consumption would be in proportion to the operation BW (in terms of either RBs or carriers) in both RF and baseband processing.    In Rel-15, fast and dynamic BWP switching was supported to allow the UE adapted to system BW of to the amount of the traffic arrival for the power saving purpose.   The dynamic BWP switching is for UE staying in small BWP with no data or small data and switching to larger BWP when large data arrives.   The dynamic BWP switching was achieved by RRC configured up to 4 BWPs for dynamic switching indicated by DCI.   Similarly, quick carrier activation/deactivation for carrier aggregation /dual connectivity would allow the UE to have lower consumption for no data or low data rate by staying at single carrier and multi-carrier operation (CA/DC) for high data rate.   
UE needs not only to achieve power saving by dynamic bandwidth adaption to the data rate of data arrival but also to achieve the link adaptation gain with similar system performance, such as throughput and latency.   To achieve similar system performance, the system performance gain through link adaptation and multi-antenna processing, such as beamforming and spatial multiplexing, need to be incorporated in dynamic switching of BWP or dynamic activation of carriers in CA/DC.  The key criteria of link adaptation gain and multi-antenna processing gain is to quick acquisition of channel state information of new BWP or carriers after dynamic switching.   In RAN1#95, additional RS, e.g., on-demand RS, was discussed as the candidate to assist UE channel tracking and measurements with the target of reducing UE power consumption.
The power saving signal used as the triggering mechanism for UE time domain processing adaptation, also could be used for triggering adaptation to BWP.   For fast BWP switching, at least fine time and frequency synchronization and CSI measurement operations are required for achieving effective data scheduling and link adaptation gain in large BWP.  The power saving signal triggering BWP switching could further increase the UE power saving gain by having the pre-processing, such as CSI measurements with configured on-demand RX, before BWP switching or SCell activation .  In Figure 1, power saving signal transmitted in small BWP could be used to indicate the transmission of the configured on-demand RS a few slots in advance before DCI triggering the BWP adaptation.  UE would do CSI measurement based on the configured on-demand RS at the new wideband BWP, which is triggered by detection of power saving signals. After finishing CSI measurements, UE is triggered to switch from narrow band BWP to wideband BWP and feedback the CSI of the new BWP.   



[bookmark: _Ref528962402]Figure 1: Power saving signal trigger CSI measurements on the on-demand RS
The procedure of the power saving schemes with power saving signal triggered UE adaptation to the BWP switching  is as follows,
· UE is configured with BWP operations based on Rel-15 DCI triggered BWP switching
· A narrow band BWP is configured for the power saving purpose.   UE performs PDCCH monitoring on the narrow band BWP
· One or more wideband BWPs are configured for the data reception with different data size
· UE reports its capability of supporting low power consumption power saving signals
· gNB configure the UE with the power saving signal triggered power saving schemes for BWP switching
· The on-demand RS is configured for each wideband BWP associated with the power saving signal configuration
· UE performs PDCCH monitoring on narrow band BWP
· When UE detects the power saving signals
· UE continues monitoring the PDCCH on the narrow band BWP
· UE performs channel tracking and CSI measurements on the target wideband BWP
· When UE decodes the BWP from the DCI with aperiodic CSI trigger on the wideband BWP
· UE switches to the wideband BWP 
· UE reports CSI of wideband BWP
· UE is scheduled to receive data from wideband BWP with link adaptation gain
· After complete reception of data from wideband BWP, UE is triggered by DCI to switch to narrow band BWP.


The cases for the evaluation of the power saving schemes with UE adaptation in frequency domain are summarized in Table 1.   

[bookmark: _Ref534963148]Table 1  Evaluation cases of power saving schemes for UE adaptation in time domain
	Cases
	Item
	Note

	Case1-1
	Wideband BWP
	The power consumption of Wideband BWP1 as the benchmark 
1) UE perform PDCCH monitoring, CSI-RS reception, PDSCH reception in wideband BWP1.
2) CSI-RS with 5ms periodicity and total 25ms for channel tracking, and CSI measurements/feedbacks

	Case1-2
	R15 narrow band BWP switching
	1) UE perform PDCCH monitoring in narrow BWP2;
2) CSI-RS reception in wideband BWP1 after BWP switching ;
3) PDSCH reception in wideband BWP1;
4) CSI-RS with 5ms periodicity and total 25ms for channel tracking, and CSI measurements/feedbacks.

	Case1-3
	Power saving reference signal
	1) UE perform PDCCH monitoring in narrow BWP2;
2) Power saving RS (PS-RS) is configured  in wideband BWP1 after BWP switching;
3) PDSCH reception in wideband BWP1;
4) PS-RS with total 5ms for channel tracking, and CSI measurements/feedbacks.

	Case1-4
	Power saving single with Power saving reference signal 
	1) UE perform PDCCH monitoring in narrow BWP2 when power saving signal indicated;
2) PS-RS reception in wideband BWP1 after power saving signal indication before BWP switching;
3) PDSCH reception in wideband BWP1;
4) PS-RS with total 5ms for channel tracking, and CSI measurements/feedbacks.



The list of UE power saving gains are shown in Table 2.

[bookmark: _Ref534929779]Table 2 The power saving gain of the power saving signal triggered UE adaptation to BWP switching
	DRX cycle(ms)
	Baseline 
	Traffic load(λ)

	
	
	0.1
	0.8
	3.2

	
	Case1-1
	Case1-2
	Case1-3
	Case1-4
	Case1-2
	Case1-3
	Case1-4
	Case1-2
	Case1-3
	Case1-4

	320
	0.00%
	8.38%
	16.58%
	18.58%
	7.33%
	14.87%
	16.63%
	4.67%
	10.13%
	11.27%

	160
	0.00%
	11.75%
	26.09%
	29.05%
	10.86%
	24.41%
	27.15%
	8.26%
	19.27%
	21.41%

	40
	0.00%
	18.53%
	32.97%
	43.78%
	17.88%
	32.03%
	42.50%
	15.74%
	28.85%
	38.20%



Based on simulation results shown in Table 2, it is observed that: 
· Rel-15 BWP switching evaluated as the Case 1-2 can provide power saving gain about 5%~19% comparing with the benchmark of wideband BWP operation. Furthermore, the addition of the power saving RS (PS-RS) power saving scheme with Case2-3 could provide performance gain 10%~33% comparing with the benchmark of wideband BWP operation, which is caused by the fast channel tracking from the configured power saving RS (PS-RS). The power saving signal triggered pre-processing with additional assistance from the power saving reference signal (PS-RS) before DCI triggered BWP switching could provide 11%~44% performance gain over the  baseline case.

The system throughput performance of BWP switching is shown in [3].  The system performance results is based on the FTP3 traffic model with different system  load. Case1-2 with NR-R15 BWP switching scheme is assumed as baseline. Performance gain of Case1-3 and Case 1-4 with power saving reference signal (PS-RS) over the baseline is shown in Table 3.   From Table 3, we can see the user perceived throughput at . 5% /50%/95% and average UPT..
[bookmark: _Ref534930157]Table 3 System performance with different BWP switching for BB model
	UPT
	Traffic load

	
	3.20
	0.80
	0.10

	5% UPT(Mbps)
	19.6%
	10.5%
	17.8%

	50% UPT(Mbps)
	16.0%
	11.8%
	12.5%

	95% UPT(Mbps)
	17.4%
	17.7%
	12.0%

	Avg. UPT(Mbps)
	17.1%
	16.1%
	14.0%



Based on simulation results, it is  observed that the power saving reference signal (PS-RS) could provide significant system performance gain with the fast CSI processing, which up to 20% for 5%UPT, and 17% for average UPT.
 On the other hand, about system overhead, case1-3 and case 1-4 with the addition of the power saving signal  is smaller than the overhead of periodic CSI-RS configured in the dormant state   The overhead of the periodic CSI-RS is about 0.36%, 0.089% and 0.045% with the assumption of occupying  2OFDMs with period of 40ms, 160ms, 320ms.  . 

Proposal 1:  The power saving scheme based on the power saving signal trigger UE adaptation to the BWP switching provides up to 44% power saving gain and up to 20% of user perceived throughput improvement.

UE Adaptation in Time Domain

The power saving schemes with UE adaptation in time domain includes the cross-slot scheduling, same slot scheduling and multi-slot scheduling.   The UE power saving scheme with adaptation in time domain is for UE  to go to micro-sleep after PDCCH reception if the time interval between PDCCH and PDSCH reception is known to the UE in advance for same-slot or cross-slot. For multi-slot, UE could skip PDCCH monitoring at subsequent slots of PDSCH/PUSCH transmission. 
For cross-slot/same slot scheduling, dynamic TDRA configuration /re-configuration could be supported.  The dynamic control information could be carried by MAC-CE, DCI, even power saving signal.   When UE get TDRA configuration in advance before PDCCH decoding, UE could go to micro sleep. A typical procedure for the cross-slot scheduling is as follows
·  gNB semi-statically configures TDRA to the UE.  TDRA include all entries with K0 > 0 and K2 > 0
· UE decodes PDCCH and  retrieve the index of TDRA entry
· UE goes to micro sleep after PDCCH decoding.
· UE decodes PDSCH at the indicated starting time from TDRA entry


The evaluation cases of the power saving schemes with UE adaptation in time domain are summarized Table 4 and the special assumptions are listed  in Annex of [3].
[bookmark: _Ref534928040]Table 4 Cases for evaluation of power saving scheme with UE adaptation in time domain
	Cases 
	Item
	Note 

	Case2-1
	Scheduling without micro-sleep
	[bookmark: OLE_LINK132][bookmark: OLE_LINK133]Case 2-1 is baseline, 

	Case2-2
	Cross-slot scheduling with micro-sleep
	


[bookmark: OLE_LINK139][bookmark: OLE_LINK140]
The simulation parameters and the detailed results based on the evaluation cases are captured in [3].  The evaluation results are listed in Table 5. 
[bookmark: _Ref534995877][bookmark: _Ref534928201]Table 5 Evaluation results of power saving scheme with UE adaptation in time domain 
	DRX cycle(ms)
	Traffic load

	
	0.1
	3.2
	5
	10

	320
	0.60%
	12.28%
	14.46%
	16.63%

	160
	0.39%
	9.24%
	11.83%
	15.10%



Based on simulation results, it is observed that cross-slot scheduling with known K0 to the UE in advance provide power saving gain up to  17%.

Proposal 2:  The power saving schemes with cross-slot scheduling with known K0 to the UE in advance provides power saving gain up to 17%.

Adaptation to the Number of Antenna

The UE power consumption would be in linearly proportional to the number of Rx and Tx antenna used for reception/transmission.  The performance requirements for UE received antenna in NR is based on 4 Rx antenna in most bands.   4 Rx antenna would provide more spatial diversity gain comparing to that of 1 or 2 Rx antenna.   However, the spatial diversity gain would be observed in system when system load is high with high data rate.  The spatial diversity gain would be reduced when the data packet is small and system load is low.     
For multi-antenna transmission at the UE, the gain for 4 transmit antenna at the UE would not be significant comparing to that of  1 or 2 Tx antenna.  The only gain could be observed by 4 transmit antenna is 4-layer spatial multiplexing with high order modulation when channel is extremely good.     
The power saving scheme by adaptation of number of Tx/Rx antenna to the traffic types is to set the number of the receive/transmit antenna at 2 Rx/1 Tx at the UE as the normal processing for the UE power saving.  The number of the Rx antenna will be adapted to 4 Rx for large packet size and high system load.  The number of Tx antenna would be adapted to 2 or 4 Tx antenna when the channel condition is good or extremely good when high rank SU-MIMO with high order modulation could be achieved.   The power saving scheme with antenna adaptation needs to be dynamic and robust.  Thus, dynamic signaling, such as DCI, to indicate the number of Tx/Rx antenna should be studied for the power saving scheme with antenna adaptation. 
Proposal 3:  Dynamic signaling, such as DCI, to indicate the number of Tx/Rx antenna should be studied for the power saving scheme with antenna adaptation

Adaptation to the DRX configuration

DRX configuration allows UE to get into deep/light sleep state during the DRX OFF period.   UE would autonomous wake up before DRX ON cycle in preparation for the signal processing, such as PDCCH/PDSCH decoding and RRM measurement, during DRX cycle.  UE will continue the signal processing to check if there is any data or paging information for the UE to receive.  Most of time, UE wakes up at the DRX ON period and gets no grant from PDCCH and no data from PDSCH.  UE wastes powers in the signal processing to wake up on the DRX ON period if there is no data to receive.  
 To reduce the energy consumption, the power saving signals is used to indicate whether UE needs to wake up at the DRX ON or not.  If the power saving signal is not detected, UE will not wake up at the DRX ON; otherwise, UE will wake up and perform PDCCH monitoring and PDSCH decoding.  The power saving signal also could be used to trigger the on-demand power saving RS (PS-RS) transmission to assist UE in performing channel tracking and CSI/RRM measurements before DRX ON as shown in Figure 2.  Time-frequency tracking and compensation is essential for PDCCH monitoring and effective scheduling of gNB is heavily dependent on timely CSI measurements. 


[bookmark: _Ref528963522]Figure 2: Power saving signal triggers UE adaptation to DRX operation


The power saving schemes with UE adaptation to the DRX operation is achieved by the power saving signal triggering UE adaptation to DRX operation.  The detailed procedure of the power saving schemes with UE adaptation to the DRX operation is as follows,
· UE reports its UE capability in support of power saving signal, which is either low power consumption or normal power saving signal
· For RRC_CONNECTED UE, UE is configured with DRX configuration and power saving mode
· Power saving signal is configured associated with the DRX configuration for adaptation in DRX operation
· The power saving RS (PS-RS) is also configured before DRX ON to assist UE in performing channel tracking and CSI/RRM measurements
· UE enters DRX operation mode with inactivity timer ON
· UE continues monitoring the configured power saving signals
· UE will wake up if the associated power saving signal is detected
· UE will use the SSB or CSI-RS and the additional configured PS-RS for channel tracking and CSI/RRM measurements
· UE will perform the PDCCH and PDSCH decoding with the frequency and time offset compensation from the channel tracking output
· UE will continue sleeping until next DRX cycle if the associated power saving signal is NOT detected

The evaluation of the performance results of power saving gain with CSI feedback during DRX ON are evaluated with the assumption summarized in Table 6.
[bookmark: _Ref534931737]Table 6 simulation cases for UE adaption to the DRX operation 
	Cases 
	Item
	Note 

	Case3-1
	Legacy DRX scheme in NR-R15
	As baseline, UE could terminate inactivity timer in advance when MAC-CE is received. CSI-RS are assumed to be used for channel tracking and CSI  measurement 25 ms before the DRX ON .

	Case3-2
	Power saving scheme on adaption to DRX
	1) Power saving signal is used to trigger PDCCH monitoring. When there is no data arriving before DRX-ON, PDCCH monitoring is not performed. UE stays in sleeping mode until next DRX cycle.  Power saving signal is based on sequence and low power consumption receiver.
2) Power saving reference signal (PS-RS) are configured after power saving signal waking up UE before DRX ON duration for channel tracking and CSI measurement. 



It could be got simulation results based on above cases as following figure.

[bookmark: _Ref534997453]Table 7 Power saving gain with different DRX cylces 
	DRX cycle(ms)
	Traffic load(lamda)

	
	0.3
	0.8
	3.2

	320
	70.2%
	64.2%
	47.2%

	160
	79.4%
	73.8%
	53.8%

	40
	36.6%
	36.5%
	35.7%



From the simulation results in Table 7, it is observed that the power saving signal triggers the UE adaptation to the DRX operation provides significant power saving gain as follows,
· Significant power saving gain up to 79% can be achieved for low/middle/high traffic load and middle/long DRX cycle cases.
· Power saving gain is from the power saving signal trigger the UE adaptation to reduce the unnecessary UE wakeup at the DRX ON.  The power saving reference signal (PS-RS) is configured to help UE performing  the channel tracking and CSI measurements in shorter period to achieve the power consumption reduction.

Proposal 4:  Significant power saving gain up to 79% can be achieved by the power saving signal triggered UE adaptation to the DRX operation.   The power saving signal as the triggering indication for the adaptation of UE wakeup at each DRX ON cycle should be supported. 

Adaptation in Achieving PDCCH Monitoring Reduction

The most UE power consumption is the UE continuous monitoring PDCCH and performing PDCCH decoding regardless if UE has data or not to receive.  In addition to PDCCH decoding, UE needs to continue performing signal processing, such channel tracking and channel estimation in order to decode PDCCH correctly.    From the statistic of PDCCH decoding in LTE field deployment [3], more than 90% of PDCCH decoding have the results of CRC fails (no grant for the UE).   With robust data arrival and high speed data service by the NR network, it is expected that UE will be served in short period of time when data arrives and wait for unexpected time for next data arrival in NR (large variation in data inter-arrival).   UE will waste more energy in PDCCH decoding even NR supports periodic PDCCH monitoring configured by gNB.    Similar to UE adaptation to the DRX configuration, the UE can save power if a low power detection mechanism could be used to trigger the UE PDCCH decoding.  The low power detection mechanism could be similar to the Power saving signal for adaptation of UE wakeup at each DRX ON cycle.    UE will monitor the Power saving signal as the indication to determine if UE needs to perform PDCCH decoding.   gNB would send the Power saving signal to UE before send the DL grant on PDCCH.  UE would decode PDCCH and receive the DL grant after detect the UE power signal as the indication.   If the power consumption of the Power saving signal detection is much lower than that of PDCCH decoding.  UE will get tremendous amount of the power saving.   
When UE does not decode PDCCH periodically, UE does not need to perform the background signal processing, such as channel tracking and channel estimation as the front processing of the PDCCH decoding.   This would provide additional UE power saving.  However, UE might not have correct frequency and timing offset information of the radio channel if the channel tracking is not performed periodically.  If the Power saving signal is used to trigger UE PDCCH decoding, UE might not have up-to-date frequency and timing offset information for the channel compensation of PDCCH decoding.  The PS-RS could be configured before PDCCH monitoring for UE to acquire up-to-date channel information for the channel compensation of PDCCH decoding when the power saving signal is used for triggering PDCCH decoding.  
The detailed procedure of the power saving signal triggering PDCCH monitoring reduction is as follows,
· UE reports its UE capability in support of low power consumption power saving signals
· UE is configured with DRX operation
· UE is configured with the power saving signal triggered PDCCH monitoring
· UE-specific power saving signal is configured to the UE with a configured of OFDM symbols before the PDCCH
· Additional on-demand power saving RS (PS-RS) is configured between the power saving signal and the CORESET.  
· Timer for no PDCCH decoding is turned ON.  The threshold of the time not performing PDCCH decoding is configured to the UE.   
· If the timer is longer the configured threshold, the on-demand PS-RS will be present in assisting UE in performing channel tracking
· Otherwise, the PS-RS is not present 
· UE monitors and decodes the power saving signals at DRX ON
· If the power saving signal is detected, UE will perform PDCCH decoding and subsequent PDSCH decoding.  
· UE will turn ON the inactivity timer
· If the MAC-CE indicate the stop of inactivity timer, UE will stop PDCCH monitoring
· UE will not perform PDCCH decoding  if the power saving signal is not detected. 

The power saving scheme with the power saving signal triggering UE performing PDCCH monitoring is evaluated with the assumption of a given DRX configuration.    The cases for the evaluation of power saving signal triggering PDCCH monitoring  are summarized in Table 8.  
[bookmark: _Ref534932850]Table 8 Cases for power saving signal triggering PDCCH monitoring 
	Cases 
	Item
	Note 

	Case4-1
	Legacy PDCCH monitoring in NR-R15
	As the baseline,UE monitors PDCCH every slot at PDCCH ON period.  . 

	Case4-2
	Power saving signal triggers UE PDCCH monitoring 
	1) Power saving signal is used to trigger PDCCH monitoring. , PDCCH monitoring is not performed if UE does not detect the power saving signals.  Power saving signal with sequence and normal power consumption.
2) Power saving reference signal (PS-RS) is configured along with power saving signal for channel tracking and channel measurement



The simulation results are listed in Table 9.  
[bookmark: _Ref534999234]Table 9 Simulation results for power saving signal triggered PDCCH monitoring
	DRX cycle(ms)
	Traffic load

	
	low
	medium
	high

	320
	3.3%
	13.3%
	14.3%

	160
	4.5%
	17.4%
	23.6%

	40
	12.0%
	24.8%
	35.3%



Based on evaluation results shown in Table 9, it is observed that the power saving signal triggering PDCCH monitoring could achieve the reduction of PDCCH monitoring and thus the power saving gain.   
· Significant power saving gain up to 35% can be achieved for low/middle/high traffic load and middle/long DRX cycle cases.
· Higher  power saving when the system load is higher
· Higher power saving when the DRX duration is shorter
· Further analysis, power saving gain is from power saving signal to trigger PDCCH monitoring and PDSCH reception when data arrives. Furthermore, it could reduce PDCCH monitoring and invalid power saving signal reception. 
Observation4: PDCCH reduction could provide power saving performance gain.
Proposal 5:  The power saving signal as the indication of the PDCCH decoding would reduce PDCCH monitoring occasion and thus UE power consumption reduction.  
Proposal 6: The on-demand PS-RS could be configured before PDCCH monitoring for UE to acquire up-to-date channel information for the channel compensation of PDCCH decoding when the power saving signal is used for triggering PDCCH decoding.  
Proposal 7: Significant power saving gain up to 35% can be achieved by the power saving signal triggering PDCCH monitoring with DRX configuration.

The other exhaustive UE power consumption is the PDCCH blind decoding.   UE would perform maximum number of blind decoding (44) at each slot most of time.   UE needs to search through the CORESET and complete the maximum number of blind decoding because no DL grant is for the specific UE most of time.  If there is a grant for the UE, UE would stop blind decoding after it gets a positive CRC check at one aggregation level.   If the power saving signal is used as the indication of DL data arrival and the trigger of UE PDCCH decoding, UE would not need to go through all 44 blind decoding since there is DL grant for the UE at this slot.  The number reduction in PDCCH blind decoding would substantially reduce the UE power consumption.  In the mean time, UE could further reduce power consumption if UE could search the aggregation level at the level which gNB allocates the DL grant.    The algorithm to align the gNB’s AL assignment of DL grant and UE starting AL of blind decoding would minimize the number of blind decoding and thus reduce the UE power consumption.  

Proposal 8:  Minimizing the number of blind decoding should be studied based on the mechanism of Power saving signal as the indication of DL data arrival and the trigger of PDCCH decoding.  


Conclusion: 
In this contribution, UE adaptation to the traffic and UE power consumption characteristics in multi-dimension, such  as frequency, time, antenna domains, DRX configuration, and UE processing timeline for UE power saving are discussed and analyzed.  We have the following proposals, 
· Proposal 1:  The power saving scheme based on the power saving signal trigger UE adaptation to the BWP switching provides up to 44% power saving gain and up to 20% of user perceived throughput improvement.
· Proposal 2:  The power saving schemes with cross-slot scheduling with known K0 to the UE in advance provides power saving gain up to 17%.
· Proposal 3:  Dynamic signaling, such as DCI, to indicate the number of Tx/Rx antenna should be studied for the power saving scheme with antenna adaptation
· Proposal 4:  Significant power saving gain up to 79% can be achieved by the power saving signal triggered UE adaptation to the DRX operation.   The power saving signal as the triggering indication for the adaptation of UE wakeup at each DRX ON cycle should be supported. 
· Proposal 5:  The power saving signal as the indication of the PDCCH decoding would reduce PDCCH monitoring occasion and thus UE power consumption reduction 
· Proposal 6: The on-demand PS-RS could be configured before PDCCH monitoring for UE to acquire up-to-date channel information for the channel compensation of PDCCH decoding when the power saving signal is used for triggering PDCCH decoding.  
· Proposal 7: Significant power saving gain up to 35% can be achieved by the power saving signal triggering PDCCH monitoring with DRX configuration.
· Proposal 8:  Minimizing the number of blind decoding should be studied based on the mechanism of Power saving signal as the indication of DL data arrival and the trigger of PDCCH decoding.  
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