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Introduction
This contribution describe the details and the procedures of the UE power schemes with UE adaptation to the time domain, BWP switching, DRX operation and reduce PDCCH monitoring for evaluation purpose according to latest simulation assumptions in last meeting. Then evaluation results are provided.

Power Saving Schemes with Adaptation 
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 agreed in reference [1].
The evaluation cases of the power saving schemes with UE adaptation in time domain are summarized Table 1 . 
[bookmark: _Ref534928040]Table 1 Cases for evaluation of power saving scheme with UE adaptation in time domain
	Cases 
	Item
	Note 

	[bookmark: OLE_LINK46][bookmark: OLE_LINK47]Case1-1
	Cross-scheduling without micro-sleep because K0 is unknown in advance
	[bookmark: OLE_LINK132][bookmark: OLE_LINK133]Case 2-1 is baseline.
1) Transition power is considered from sleep to radio-on.
2) Channel tracking with reference signal (e.g., CSI-RS is performed when DRX-on start.
3) FTP3 and IM traffic type are observed.
4) MAC-CE of NR-R15 is enabling for both Case1-1 and Case1-2, which could terminate transmission in advance.

	Case1-2
	Cross-slot scheduling with micro-sleep because K0 is known in advance
	


[bookmark: OLE_LINK139][bookmark: OLE_LINK140]

[bookmark: OLE_LINK43][bookmark: OLE_LINK48]The cross-slot scheduling timeline, power consumption and UE procedure for cross-slot scheduling is shown as following figure for evaluation. 
[bookmark: OLE_LINK81][bookmark: OLE_LINK82]Figure 1  Timeline, power cosumption and UE procedure for cross-slot scheudling wo./w. micro-sleep
[bookmark: OLE_LINK85][bookmark: OLE_LINK88]The simulation parameters and the detailed results based on the evaluation cases are listed in Table 3.
[bookmark: _Ref784514][bookmark: _Ref785615]Table 2 Simulation assumption for cross-slot scheduling
	[bookmark: OLE_LINK84]Simulation case
	Assumptions

	Case1-1/2:Time domain adaptation
	DRX cycle
	320ms,160ms
320ms for IM;160ms for FTP3

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	100ms for 160ms DRX-cycle,80ms for 320ms DRX-cycle

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE. Additional 20ms for inactivity timer after transmission finished.

	
	CSI-RS period
	5ms

	
	Channel tracking time 
	5ms based on CRS-RS;

	
	TDD configuration
	DSUUD, SCS=30KHz

	
	bandwidth
	100MHz

	
	Cross-slot scheduling 
	K0=3, K1>0,K2>0

	
	UL transmission
	[bookmark: OLE_LINK91][bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK94]Disable, UL slot is assumed as micro-sleep and ideal feedback for ACK, CSI.

	
	Transmission rate
	[bookmark: OLE_LINK60][bookmark: OLE_LINK61]Transmission rate is based on DU scenario SE with 256 transmission antenna, gNB: (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8).10UE is dropped within one TRP.

	
	Traffic model
	FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time;
IM with 0.1Mbytes packet size and 2sec inter-arrival time



[bookmark: _Ref534995877][bookmark: OLE_LINK86][bookmark: OLE_LINK87][bookmark: _Ref534928201][bookmark: OLE_LINK59][bookmark: OLE_LINK62]Table 3 Evaluation results of power saving scheme with UE adaptation in time domain 
	Traffic type
	FTP3
	　
	IM
	　

	
	case1-1
	case1-2
	case1-1
	case1-2

	[bookmark: _Hlk536688182][bookmark: OLE_LINK64]Slot-averaged power consumption(unit/slot)
	20.5 
	18.2 
	5.6 
	5.6 

	Power saving gain
	0.0%
	11.3%
	0.0%
	1.1%



Considering system overhead for power saving scheme with cross-slot scheduling, it is dependent on cross-slot scheduling design detail. As initial reference, if RRC configuration is assumed to provide information of gap between PDCCH and PDSCH in advance, there is no additional overhead is needed. In term of UPT/Latency, cross-slot scheduling with micro-sleep could bring latency for UE comparing to cross-slot scheduling without micro-sleep, so there is no UPT/Latency influence for cross-slot scheduling with micro-sleep.
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 11.3%.
Table 4 summary on evaluation results of power saving scheme with UE adaptation in time domain 
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	CATT
	Cross-slot scheduling with K0 > 0 indicated to the UE in advance
	[1.1%-11.3%]
	ftp3 with 160ms DRX-cycle: 11.3%
IM with 320ms DRX-cycle:1.1%
	--
	0%
	SLS with 10UE per TRP to get transmission rate, and observed one single UE for power consumption.
Baseline: Cross-slot scheduling wo. micro-sleep, FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	



[bookmark: OLE_LINK28][bookmark: OLE_LINK29]Proposal 1:  The power saving schemes with cross-slot scheduling with known K0 to the UE in advance provides power saving gain up to 11.3%.

UE Adaptation in Frequency Domain

For fast BWP switching, fine time and frequency synchronization and CSI measurement operations are required for achieving effective data scheduling and link adaptation gain in wideband 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 RS, before BWP switching or SCell activation .  The procedure of the power saving schemes with power saving signal triggered UE adaptation to the BWP switching is agreed in [1].
For evaluation purpose, the cases for the evaluation of the power saving schemes with UE adaptation in frequency domain are summarized in Table 5.   
[bookmark: _Ref534963148]Table 5  Evaluation cases of power saving schemes for UE adaptation in time domain
	Cases
	Item
	Note

	Case2-1
	Wideband BWP
	The power consumption of Wideband BWP1 as the benchmark 
1) UE perform PDCCH monitoring, CSI-RS reception, PDSCH reception in wideband BWP1.

	Case2-2
	[bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: OLE_LINK53]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 3times to finish channel tracking, and CSI measurements.

	Case2-3
	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 3slot for channel tracking, and CSI measurements.



[bookmark: OLE_LINK103][bookmark: OLE_LINK104]The simulation procedure for BWP switching is shown as following figure for evaluation. And the simulation procedure description is shown as below:
1) Case2-1: baseline, wideband BWP1 operation


[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100]Figure 2  case2-1 for wideband BWP operation
[bookmark: OLE_LINK49][bookmark: OLE_LINK50]
2) [bookmark: OLE_LINK54][bookmark: OLE_LINK55]Case2-2: R15 narrow band BWP switching


Figure 3  case2-2 for R15 narrow band BWP switching

3) Case2-3: power saving reference signal
The procedure different from case2-2 is that channel tracking and CSI measurement could be by power saving reference signal in replace to multiple CSI-RS for power saving purpose.


Figure 4  Case2-3 for power saving refernece signal
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 simulation parameters and the detailed results based on the evaluation cases are shown in following Table 3. 
[bookmark: OLE_LINK107][bookmark: OLE_LINK108]Table 6 Simulation assumption for frequency domain adaptation
	Simulation case
	Assumptions

	Frequency domain adaptation
	DRX cycle
	320ms,160ms
320ms for IM;160ms for FTP3

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	100ms for 160ms DRX-cycle,80ms for 320ms DRX-cycle

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE. Additional 20ms for inactivity timer after transmission finished.

	
	CSI-RS period
	5ms

	
	Channel tracking time and CSI measurement
	15ms based on CRS-RS;
3slots based on on-demand RS.

	
	TDD configuration
	DSUUD, SCS=30KHz

	
	Bandwidth
	100MHz

	
	Cross-slot scheduling 
	K0=3, K1>0,K2>0

	
	UL transmission
	Disable, UL slot is assumed as micro-sleep and ideal feedback for ACK, CSI.

	
	Transmission rate
	Transmission rate is based on DU scenario SE with 256 transmission antenna, gNB: (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8).10UE is dropped within one TRP.

	
	Traffic model
	FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time;
IM with 0.1Mbytes packet size and 2sec inter-arrival time



The list of UE power saving gains isshown in Table 7.
[bookmark: _Ref534929779][bookmark: OLE_LINK63][bookmark: OLE_LINK83]Table 7 The power saving gain of the power saving signal triggered UE adaptation to BWP switching
	Traffic type
	FTP3
	IM

	
	case2-1
	case2-2
	case2-3
	case2-1
	case2-2
	case2-3

	Slot-averaged  power consumption(unit/slot)
	17.2 
	15.8 
	12.9 
	6.9 
	5.1 
	3.1 

	Power saving gain
	0.0%
	8.5%
	25.2%
	0.0%
	26.0%
	55.0%


[bookmark: OLE_LINK5][bookmark: OLE_LINK6]
Considering system overhead for power saving  with UE adaptation in frequency domain, power saving signal overhead and power saving reference signal overhead could be calculated. The overhead details are dependent on signal design, e.g., sequence design, time-frequency pattern for reference signal etc. As initial reference, power saving signal overhead could refer to time domain overhead calculation, whose up-bound is 21.4%.
[bookmark: _Ref787790]Table 8 Summary on the power saving gain of the power saving signal triggered UE adaptation to BWP switching
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	CATT
	Power saving signal trigger BWP adaption with the additional RS (PS- RS).
	[8.5%-55.0%
	ftp3 with 160ms DRX-cycle: 25.2%
IM with 320ms DRX-cycle:55.0%
	Avg. UPT 17.1%(FTP3 λ=3.2)

	7.14%, 14.29%, 21.4%.
.
	SLS with 10UE per TRP for DU scenario to get transmission rate, and observed one single UE for power consumption.
Baseline: PDCCH monitoring, CSI and PDSCH reception on wider BW, FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time, IM with 0.1Mbytes packet size and 2s inter-arrival time
	



Based on simulation results shown in Table 7 and Table 8, it is observed that: 
· Rel-15 BWP switching evaluated as the Case 2-2 can provide power saving gain about 8.5%~25.2% comparing with the benchmark of wideband BWP operation. Furthermore, 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 25%~55% performance gain over the  baseline case, which is introduced by the fast channel tracking from the configured power saving RS (PS-RS).
The system throughput performance of BWP switching is shown in Table 9.  The results are based on the FTP3 and IM traffic model. Case2-1 with NR-R15 BWP switching scheme is assumed as baseline. Performance gain of Case2-2 and Case 2-3 with power saving reference signal (PS-RS) over the baseline is shown in Table 9.   From Table 9, we can see the user perceived throughput at 5%,50%,95% and average UPT.
[bookmark: _Ref534930157]Table 9 System performance with different BWP switching for BB model
	UPT(Mbps)
	FTP3 with λ=3.2

	
	case2-2
	Case2-3
	Gain of case2-3 over case2-2

	5% UPT
	5.1 
	4.3 
	19.6%

	50% UPT
	12.6 
	10.8 
	16.0%

	95% UPT
	27.8 
	23.7 
	17.4%

	Avg. UPT
	14.0 
	12.0 
	17.1%



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 17.1%for average UPT.
 On the other hand, about system overhead, case2-3 with the addition of the power saving reference 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.  . 

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK20]Proposal 2:  The power saving scheme based on the power saving signal trigger UE adaptation to the BWP switching provides up to 55.0% power saving gain and up to 17.1% for average UPT improvement.

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. To reduce the energy consumption, the power saving signal with low power consumption used for triggering PDCCH monitoring would allow the UE to wake up from sleep mode and receive data.  When data reception is finished and UE could go to sleep by indication of low power consumption power saving signal. The UE could get benefit of power saving from longer sleep power consumption, reduction of unnecessary transition power consumption, and fast switching from reception to sleep. The detailed procedure of the power saving schemes with UE adaptation to the DRX operation is agreed in [1].
The evaluation of the performance results of power saving gain with CSI feedback during DRX ON are evaluated with the assumption summarized in Table 10.
[bookmark: _Ref534931737]Table 10 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 is assumed to be used for channel tracking and CSI measurement.

	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 ADRX-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 ADRX ON duration for channel tracking and CSI measurement. 



The simulation procedure for DRX adaptation is shown as following procedure for evaluation.


        
Figure 5:Case3-1/2 of DRX adaptation simulation procedure
The simulation parameters align with [2]. The main parameters are listed as following table.
Table 11 Simulation assumption for DRX adaptation
	Simulation case
	Assumptions

	Case3-1:Legacy R15 DRX
	DRX cycle
	320ms,160ms
320ms for IM;160ms for FTP3

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	100ms for 160ms DRX-cycle,80ms for 320ms DRX-cycle

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE. Additional 20ms for inactivity timer after transmission finished.

	
	Channel tracking and CSI measurement
	Based on 5ms CSI-RS period;
Based on 1slot on-demand RS.

	
	TDD configuration
	DSUUD, SCS=15KHz

	
	UL transmission
	Disable, UL slot is assumed as micro-sleep. Ideal feedback for ACK and CSI.

	
	Transmission rate
	Transmission rate is based on ITU-DU SE with 256 transmission antenna.10UE is dropped within one TRP.

	
	Traffic model
	FTP3 with 0.5Mbps 200ms inter-arrival time;
IM with 0.1Mbps 2sec inter-arrival time

	Case3-2:power saving signal with low power consumption and on-demand RS
	A-DRX 
	UE detects Power saving signal which will trigger UE go to ADRX-ON. When data transmission is finished, UE could go to sleep by indication of power saving signal

	
	Channel tracking time 
	Based on Power saving reference signal with 1slot duration.

	
	Power consumption for Power saving reference signal
	100unit/slot

	
	Power consumption for Power saving  signal
	0.1unit/slot

	
	TDD configuration
	DSUUD, SCS=15KHz

	
	UL transmission
	Disable, UL slot is assumed as micro-sleep.

	
	Transmission rate
	Transmission rate is based on DU scenario SE with 256 transmission antenna, gNB: (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8).10UE is dropped within one TRP.

	
	Traffic model
	FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time;
IM with 0.1Mbytes packet size and 2sec inter-arrival time



It could be got simulation results based on above cases as following table.
[bookmark: _Ref534997453]Table 12 Power saving gain with adaptation DRX 
	Traffic type
	FTP3
	　
	IM
	　

	
	case1-1
	case1-2
	case1-1
	case1-2

	Slot-averaged  power consumption(unit/slot)
	20.2 
	9.3 
	6.1 
	1.4 

	Power saving gain
	0.0%
	54.0%
	0.0%
	76.4%



Considering system overhead for low power consumption power saving signal, it is dependent on available frequency. For power saving reference signal, the overhead of power saving reference signal is not larger than CSI-RS overhead.
Table 13 Summary on the power saving gain of the power saving signal triggered UE adaptation to DRX
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	CATT
	Power saving signal trigger DRX adaptation and power saving reference signal for channel tracking, CSI measurement.
	54.0%-76.4%
	ftp3 with 160ms DRX-cycle: 54.0%
IM with 320ms DRX-cycle:76.4%
	--
	The overhead for additional is similar to CSI-RS.
	SLS with 10UE per TRP to get transmission rate, and observed one single UE for power consumption.
Baseline: R15DRX scheme, considering procedure of channel tracking, CSI measurement. FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	



From the simulation results in Table 12, 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 76.4% and 54.0% can be achieved for IM traffic type and FTP3 traffic type.
· 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 3:  Significant power saving gain up to 76.4% 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 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.  
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 agreed in [1].
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 14.  
[bookmark: _Ref534932850]Table 14 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 assumption is shown as following table.
Table 15 Simulation assumption for DRX adaptation
	Simulation case
	Assumptions

	Case4-1/2:DRX adaptation
	DRX cycle
	320ms,160ms
320ms for IM;160ms for FTP3

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	100ms for 160ms DRX-cycle,80ms for 320ms DRX-cycle

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE. Additional 20ms for inactivity timer after transmission finished.

	
	Channel tracking and CSI measurement
	Based on 5ms CSI-RS period;
Based on 1slot on-demand RS.

	
	Power consumption for Power saving reference signal
	100unit/slot

	
	Power consumption for Power saving  signal
	70unit/slot

	
	TDD configuration
	DSUUD, SCS=15KHz

	
	UL transmission
	Disable, UL slot is assumed as micro-sleep.

	
	Transmission rate
	Transmission rate is based on ITU-DU SE with 256 transmission antenna. gNB: (M,N,P,Mg,Ng; Mp,Np) = (16,8,2,1,1;2,8). 10UE is dropped within one TRP.

	
	Traffic model
	FTP3 with 0.5Mbytes packet size and 200ms inter-arrival time;
IM with 0.1Mbytes packet size and 2sec inter-arrival time



Simulation results are listed in Table 16.  
[bookmark: _Ref534999234]Table 16 Simulation results for power saving signal triggered PDCCH monitoring
	Traffic type
	FTP3
	　
	IM
	　

	
	case1-1
	case1-2
	case1-1
	case1-2

	Slot-averaged  power consumption(unit/slot)
	20.2 
	10.0 
	6.1 
	2.1 

	Power saving gain
	0.0%
	50.3%
	0.0%
	65.9%



Considering system overhead for power saving in frequency domain adaption, power saving signal overhead and power saving reference signal overhead could be calculated. The overhead details are dependent on signal design, e.g., sequence design, time-frequency pattern for reference signal etc. As initial reference, power saving signal overhead could refer to time domain overhead calculation, whose up-bound is 21.4%.
Table 17 Summary of power saving gain with power saving signal triggered PDCCH monitoring
	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology/baseline assumption
	Note
(include UE throughput)

	CATT
	Power saving signal trigger PDCCH reduction and power saving reference signal for channel tracking, CSI measurement.
	 50.3%-65.9%
	ftp3 with 320ms DRX-cycle:50.3%
IM with 160ms DRX-cycle:65.9%
	--
	Power saving signal is smaller PDCCH overhead.
	SLS with 10UE per TRP to get transmission rate, and observed one single UE for power consumption.
Baseline: R15DRX scheme, considering procedure of channel tracking, CSI measurement. FTP3 with 0.5Mbytes and 200ms inter-arrival time, IM with 0.1Mbytes and 2s inter-arrival time
	



Based on evaluation results shown in Table 16, 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 65.9% could 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. 
Proposal 4: Significant power saving gain up to 65.9% could be achieved by the power saving signal triggering PDCCH monitoring with DRX configuration.

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 schemes with cross-slot scheduling with known K0 to the UE in advance provides power saving gain up to 11.3%.
Proposal 2:  The power saving scheme based on the power saving signal trigger UE adaptation to the BWP switching provides up to 55.0% power saving gain and up to 17.1% for average UPT improvement.
Proposal 3:  Significant power saving gain up to 76.4% 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 should be supported. 
Proposal 4: Significant power saving gain up to 65.9% can be achieved by the power saving signal triggering PDCCH monitoring with DRX configuration.
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Annex
Simulation assumptions for system performance are shown as following table.
Table 18 system simulation assumptions for frequency adaptation
	[bookmark: OLE_LINK227][bookmark: OLE_LINK228][bookmark: OLE_LINK229][bookmark: OLE_LINK230]Indoor Hotspot - eMBB
	Parameter

	Carrier frequency for evaluation
	Indoor hotspot, 12TRPs and 120UEs are deployed

	Simulation bandwidth
	10MHz

	Slots structure
	TDD: unpaired spectrum, DSUUD

	Subcarrier spacing
	15KHz

	Antenna configuration at TRxP
	[bookmark: OLE_LINK412][bookmark: OLE_LINK413][bookmark: OLE_LINK451][bookmark: OLE_LINK452](M,N,P,Mg,Ng; Mp,Np) = (4,4,2,1,1; 4,4)
[bookmark: OLE_LINK414][bookmark: OLE_LINK415] (dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	Antenna configuration at UE
	(M,N,P,Mg,Ng; Mp,Np) = (1,2,2,1,1; 1,2)
(dH,dV) = (0.5, N/A)λ
0°,90° polarization

	BS antenna element pattern
	See Table 9 in Report ITU‑R M.2412

	UE antenna element gain
	0 dBi

	UE antenna element pattern
	Omni-directional

	Thermal noise level
	-174 dBm/Hz

	Traffic model
	FTP3 with λ=3.2
DRX with 320ms, 10ms ondurationtimer, and 80ms inactivity timer. 
MAC-CE is enabled.

	UE density
	10 UEs per TRxP

	Channel model 
	Channel model A

	UT attachment
	Based on RSRP (formula (8.1-1) in TR36.873) from port 0

	Polarized antenna model
	Model-2 in TR36.873

	TX mode
	SU/MU-MIMO

	[bookmark: _Hlk510019314]scheduler
	PF

	Receiver
	MMSE-IRC

	DL CSI feedback
	10ms period with delay

	DL CSI method
	TDD: non-precoded CSI-RS based channel reciprocity

	[bookmark: _Hlk510019323]LTE Type II codebook parameters
	2 beam basis, WB+SB and 4PSK quantification

	Channel estimation
	ideal

	Interference estimation
	ideal
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