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Introduction
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK14][bookmark: OLE_LINK28][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK31][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In RAN1#95, evaluation methodology and simulation assumptions were discussed and mostly agreed [1]. There are some remaining issues which need to be further clarified, including TDRA power model, power scaling for processing other configurations of CSI-RS, transition energy for BWP switching, transition energy for DL CA, CSI-RS power consumption mode, reduced PDCCH decoding, etc. Furthermore, power consumption for low power consumption power saving signals and power saving signal will be discussed. Based on agreements on simulation assumption, evaluation results for power saving schemes are shown in this contribution.
Discussion on the remaining evaluation methodology and assumptions for UE power saving
[bookmark: OLE_LINK32][bookmark: OLE_LINK33]TDRA model
From RAN1#95, cross-slot scheduling and same slot scheduling were agreed to be used as UE power saving schemes which UE could switch to micro sleep immediately after PDCCH reception to achieve power saving gain.  The power model of TDRA for same slot scheduling power saving scheme is FFS.  Dynamic adaptation of TDRA configurations can also achieve UE power saving with the assumption that the gap between PDCCH reception and PDSCH transmission is known to UE.
TDRA is semi-statically configured by RRC and dynamically indicated by DCI.   If the gap between PDCCH reception and PDSCH transmission could be known to UE in advance, UE could stop buffering and go to micro sleep after the PDCCH reception. Regarding TDRA power model, there are 3 cases could be considered.


[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Figure 1 PDCCH and PDSCH in same-slot and cross-slot
Where, power model for PDCCH and PDSCH in case1 and case2 are agreed in last two meetings. As reference, it can be got power model of case3 for TDRA power saving scheme. Taking FR1 as an example, TDRA power model could be expressed as (2*240 +β*280 + γ*45)/14, where the PDCCH power consumption assumes   2-symbol PDCCH configuration and 2-symbol processing time
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Table 1 TDRA power model
	[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Case  type
	channel
	Power consumption
	Note 

	[bookmark: _Hlk533498857]Case1
	PDCCH-only
	100
	It could be got that PDCCH power consumption is about 240 in average within per symbol.

	
	PDSCH-only
	280
	

	Case2
	PDCCH+PDSCH
	300
	

	Case3
	PDCCH+PDSCH+micro-sleep
	[bookmark: OLE_LINK759][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK760][bookmark: OLE_LINK758][bookmark: OLE_LINK761][bookmark: OLE_LINK762][bookmark: OLE_LINK763](2*240 +β*280 + γ*45)/14
	 The number of symbols for PDCCH decoding is assumed to be 2.  .
β is the number of symbol for  PDSCH reception.
γ is symbol the number of OFDM symbol for UE micro sleep and γ >7 (the gap is large enough to allow UE micro sleep.
(2+β+ γ)=14



TDRA tables could be configured with the purpose of UE power saving and association with traffic type, QoS requirement. DCI would dynamic indicate the entry of TDRA table.  The entry could include the TDRA values for same slot or cross-slot scheduling. 
[bookmark: OLE_LINK62]Proposal1: The power model for TDRA power saving scheme could be included as the power consumption model for the same slot scheduling in the evaluation methodology.

[bookmark: OLE_LINK43][bookmark: OLE_LINK44]Power scaling for processing other configurations of CSI-RS
[bookmark: _GoBack]CSI-RS power consumption is assumed as 100unit with the assumption of 2 OFDM symbols of CSI-RS in FR1. For other CSI-RS configurations, e.g., different antenna port or different number of symbols in time domain. CSI-RS power consumption could be scaled with configured number CSI-RS symbols. CSI-RS configuration used the TRS configuration of 2 OFDM symbols as the reference with 2 OFDM symbol not able to perform micro sleep after the measurements.  The CSI-RS power consumption model for 2 symbol of CSI-RS configuration is 100, which is derived from 2 symbols of CSI-RS processing and 2 symbols of transition time not in the micro sleep and (240*(2+2) +10*45)/14. The generalized model for the CSI-RS configuration of 1, 2, 4 OFDM symbols would also assume that 2 additional OFDM symbols for transition and not going to micro sleep. The generic power consumption model for N-symbol CSI-RS configuration is (240*(N+2)+(12-N)*45)/14. 
Table 2 CSI-RS power consumption model
	Case  type
	1OFDM symbol
	2OFDM symbols
	4OFDM symbols

	Power consumption per slot
	  87
	[bookmark: OLE_LINK21][bookmark: OLE_LINK22]100,

	129 



[bookmark: OLE_LINK80][bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK63][bookmark: OLE_LINK64][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK49]Proposal 2: The power consumption model for different CSI-RS configurations could use the proposed model with different number of OFDM symbols for the evaluation purpose.

Transition energy for BWP switching
BWP switching is including transition from large bandwidth to small bandwidth and transition from small bandwidth to large bandwidth which is shown as following figures.


Figure 2 BWP switching and transition energy
[bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52]Transition energy for BWP switching includes RF retuning, ADC or DAC and AGC. If BWP transition is from small bandwidth to large bandwidth, higher sample for ADC or DAC is needed. More RF filter could be needed to open (if UE always work on single RF large bandwidth, it could not be needed). And additional AGC for large bandwidth is also needed. The similar processing could be proceeded for transition from large bandwidth to small bandwidth. As simple point, it could be assumed UE RF bandwidth always works on large bandwidth. Furthermore, transition energy for BWP switching could be smaller than transition energy from DRX-off to DRX-on. The transition energy from deep sleep and light sleep to process is 450 unit within 20ms and 100unit within 6ms, respectively. For BWP switching, the power consumption would be similar to the power consumption of ramp up or ramp down processing from light sleep within 2 ms. The transition energy of BWP switching from one BWP to another BWP would assume to be half of the transition power consumption from/to light sleep and is set at 50 units.     
[bookmark: OLE_LINK53][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Proposal 3: The power consumption model is set at 50 unit transition energy for BWP switching.

Transition energy for DL CA
Comparing to BWP switching, transition energy for DL CA includes more power consumption on RF bandwidth adaptation. Similar analysis with BWP switching, as reference, DL CA transition energy could refer to the one side transition energy of light sleep. The total transition energy for CA activation/deactivation could be assumed to be 50units.
[bookmark: OLE_LINK90][bookmark: OLE_LINK91][bookmark: OLE_LINK92]Proposal 4: The transition energy is assumed to be total 50 unit transition energy for DL CA.

Power scaling for reducing PDCCH decoding
For same-slot scheduling, power scaling for reducing PDCCH decoding is 
[bookmark: OLE_LINK66][bookmark: OLE_LINK67][bookmark: OLE_LINK71][bookmark: OLE_LINK65][bookmark: OLE_LINK88][bookmark: OLE_LINK89]P(α) = α ∙ Pt + (1 – α) ∙ 70
[bookmark: OLE_LINK84]Where, Pt is reference power consumption 100unit for PDCCH-only with same-slot scheduling. α is ratio of PDCCH candidate to the max number of PDCCH candidate in reference configuration. For the cross-slot scheduling, PDCCH-only scaling power consumption is 0.7*power consumption of same-slot scheduling, 70unit. When PDCCH decoding reduction is performed, similar analysis as same-slot scheduling, the power scaling for reducing PDCCH decoding could be assumed as:
[bookmark: OLE_LINK93][bookmark: OLE_LINK94][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]P(α) = α ∙ Pcross-slot + (1 – α) ∙ 50
Where, Pcross-slot is reference power consumption 70unit for PDCCH-only with cross-slot scheduling. α is ratio of PDCCH candidate to the max number of PDCCH candidate in reference configuration.
[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116][bookmark: OLE_LINK137]Proposal 5: it is proposed that power scaling for reducing PDCCH decoding could be assumed as:
P(α) = α ∙ Pcross-slot + (1 – α) ∙ 50

[bookmark: OLE_LINK47][bookmark: OLE_LINK48]Low Power consumption Power saving signal
Low power consumption power saving signal is dependent on receiver structure design. The low power consumption receiver is an front end receiver and independent to the NR receiver of data reception.  The low power consumption power saving signal receiver is turned on when the UE is configured in the UE power saving mode with the power saving signal triggering the power saving scheme.  


Figure 3  Front end low power consumption power saving signal receiver and NR data receiver
  The low power consumption power saving signal receiver is illustrated in Figure 4.  


[bookmark: OLE_LINK72][bookmark: OLE_LINK76][bookmark: OLE_LINK77]Figure 4 Receiver structure for low power consumption power saving signal

 The characteristic low power consumption receiver take less power consumption reflected in bellow aspects:
· Simplified intermediate frequency: reduce requirement on additional RF LNA and PLL and then reduce power consumption of receiver;
· Envelope detector: there is no need on additional multiplying unit or local carrier which could reduce power consumption. Typical OOK signal could be demodulated by means of envelope detector.
· Comparator or integrator of baseband: simple logic for 0 and 1 signal from analog signal;
· Special circuit design: e.g., ampere reuse, subthreshold region of MOSFET, voltage reference out of chipset, etc, which are dependent on chipset structure and design in detail.
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]As reference, there are some low power consumption receiver in literatures [2][3][4][5][6], which is summarized as following table for main parameter and receiver performance. It could be observed that rreceiver power consumption is around 0.00001 unit to 0.1 unit.  With details listed as following table. From the configuration, it can be observed that lower power consumption can be designed by simple baseband circuit, e.g., integrator, sequence detection. The related receiver sensitivity is from -64dBm to -97dBm which could be used in different coverage requirement scenario. Transmission data rate and wakeup latency could be used in traffic type for different latency requirement. The summary of low power consumption receiver is listed as following table.
[bookmark: OLE_LINK134][bookmark: OLE_LINK135]Table 3 Parameter configurations for different power consumption receiver 
	Ref.
	Data rate (kbps)
	Sensitivity(dBm)
	Power (unit )
	Voltage (V)
	Modulation type
	Operation frequency (GHz)
	BER
	Base-Band
	Wakeup latency (ms) 

	[2]
	10 /50
	-97 /-92
	0.2 
	0.5
	OOK
	2.4 
	
	[bookmark: OLE_LINK105][bookmark: OLE_LINK106]integrator
	/

	[3]
	0.3
	-69
	0.00001
	0.4
	OOK
	0.113
	
	[bookmark: OLE_LINK98][bookmark: OLE_LINK99][bookmark: OLE_LINK100][bookmark: OLE_LINK102][bookmark: OLE_LINK103][bookmark: OLE_LINK104]Sequence detection 32 bits

	50

	[4]
	1.024

	-80
	0.002
	2.5
	OOK
	2.4 
	/
	Sequence detection 32 bits

	30

	[5]
	100
	-72
	0.1
	0.5
	/
	2 
	
	/
	/

	[6]
	100
	-64 /-75
	0.1
	/
	OOK
	2.4 /0.915 
	/
	integrator
	/



The receiver IF part is shown as following figure:
[image: 9_2]
Figure 5 Simulation on low power consumption power saving signal—IF part
Based on initial simulation result, the main parameter and performance is summarized as following table.
[bookmark: OLE_LINK136][bookmark: OLE_LINK138]Table 4 Parameter and performance with low power consumption receiver 
	Parameters
	results

	carrier
	915MHz

	Modulation type
	OOK

	Work voltage
	0.75v

	Temperature
	27℃

	Craftsmanship
	Smic 0.18um

	Transmission rate
	100Kbps

	Power consumption
	0.15 unit

	Sensitivity
	-50dBm



In additional, it could be further optimized circuit structure and circuit design to improve receiver performance. 

[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK112][bookmark: OLE_LINK113][bookmark: OLE_LINK117]Proposal 6: for the evaluation purpose, the power consumption of power saving signal could be modeled by reusing the deep sleep power consumption model 1 unit/slot, or 0.1unit/slot, even less than 0.1unit/slot.
The general procedure for the configuration of the low power consumption receiver for triggering the power saving schemes adaptation to the UE power consumption characteristics are as follows:
Step1: UE reports its UE capability of supporting low power consumption power saving signal receiver.  
Step2: UE is configured with UE power saving schemes triggered by power saving signal 
Step3: UE is configured with UE power saving mode with low power consumption power saving signal receiver. 
Step4: UE transitions to the power saving mode and turns on the low power consumption power saving signal receiver. 

Evaluation results  
The evaluation results of l UE power saving schemes, including adaptation in time and frequency domains,, adaptation to the DRX operation and  PDCCH monitoring reduction.
Time domain adaptation
[bookmark: OLE_LINK141]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. The details power saving schemes and procedure for UE adaptation in time domain is shown in [7].  
The evaluation cases of the power saving schemes with UE adaptation in time domain are summarized Table 5 and the special assumptions are listed  in Annex.
[bookmark: _Ref534928040]Table 5 simulation cases for time domain adaption 
	Cases 
	Item
	Note 

	Case1-1
	Cross-slot scheduling wo. micro-sleep
	Case1-1 is baseline, and observe UE power saving scheme performance gain of Case1-2 comparing with Case1-1.

	Case1-2
	Cross-slot scheduling with micro-sleep
	


[bookmark: OLE_LINK139][bookmark: OLE_LINK140]
The simulation results based on the evaluation cases in Table 5 are shown in Figure 6 as following figure.
[image: ]
[bookmark: _Ref534928175]Figure 6 Simulation results for time domain adaptation
The detailed evaluation results are listed in Table 6 simulation cases for time domain adaption
[bookmark: _Ref534928201]Table 6 simulation cases for time domain adaption 
	DRX cycle(ms)
	Traffic load(arrival rate)

	
	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   could provide the power saving gain up to 17%.
Observation1: time domain adaptation with cross-slot could provide power saving performance gain.

Frequency domain adaptation
The power saving schemes with UE adaption in frequency domain includes the fast BWP switching and SCell activation for CA/DC.  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. Furthermore, 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 . The details about frequency domain procedure are shown in [7].   
The cases for the evaluation of the power saving schemes with UE adaptation in frequency domain are summarized in Table 7.   The special assumptions are shown in Annex.
[bookmark: _Ref534929367]Table 7 simulation cases for frequency domain adaption 
	Cases 
	Item
	Note 

	Case2-1
	Wideband BWP
	As baseline,
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

	Case2-2
	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.

	Case2-3
	Power saving reference signal
	1) UE perform PDCCH monitoring in narrow BWP2;
2) PS-RS reception 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.

	Case2-4
	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.



Power saving performance

The simulation results based on the aforementioned cases are shown in Figure 7 and the list of UE power saving gains are shown in Table 8.
[image: ][image: ]
[image: ]
[bookmark: _Ref534929856][bookmark: OLE_LINK25][bookmark: OLE_LINK26]Figure 7 Simulation results for frequency domain adaptation
[bookmark: _Ref534929779][bookmark: OLE_LINK37][bookmark: OLE_LINK42]Table 8 Frequency domain adaption performance gain
	DRX cycle(ms)
	Baseline 
	Traffic load(Arrival rate)

	
	
	0.1
	0.8
	3.2

	
	Case2-1
	Case2-2
	Case2-3
	Case2-4
	Case2-2
	Case2-3
	Case2-4
	Case2-2
	Case2-3
	Case2-4

	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%



The above results are based on light sleep mode for all of DRX-cycle. If UE finish transmission or terminate processing in advance, UE could go to light sleep mode by UE implementation. Although 160 and 320 ms DRX is sufficient long, UE might need to perform other tasks between the DRX, such as RRM/CSI measurements and could not perform the deep sleep. While, the deep sleep would be mostly used for IDLE mode, or dependent on UE implementation. So the following figure and table further provide simulation results with deep sleep mode for 160ms and 320ms DRX cycle.
[image: ][image: ]
[image: ]
Figure 8 Simulation results for frequency domain adaptation with deep sleep for 160ms/320ms DRX
Table 9 Frequency domain adaption performance gain with deep sleep for 160ms/320ms DRX

	DRX cycle(ms)
	Baseline 
	Traffic load(Arrival rate)

	
	
	0.1
	0.8
	3.2

	
	Case2-1
	Case2-2
	Case2-3
	Case2-4
	Case2-2
	Case2-3
	Case2-4
	Case2-2
	Case2-3
	Case2-4

	[bookmark: _Hlk535312556]320(deep)
	0.00%
	26.20%
	71.52%
	84.11%
	21.69%
	61.73%
	72.21%
	12.23%
	40.13%
	46.17%

	160(deep)
	0.00%
	24.73%
	78.01%
	89.97%
	22.20%
	71.55%
	82.34%
	15.65%
	54.29%
	62.07%

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



Based on simulation results, it could be observed that: 
· R15 BWP switching with Case 2-2 can provide power saving gain about 5%~19% with UE light sleep and  12-26% with UE deep sleep in comparison with the baseline of wideband BWP operation. Furthermore, PS-RS power saving scheme with Case2-3 could provide performance gain 10%~33% with UE light sleep and 40-78% with UE deep sleep in comparison with the baseline 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 preprocessing with additional assistance from the power saving reference signal (PS-RS) before DCI triggered BWP switching could provide 11%~44% performance gain with UE light sleep and 46-90% performance gain with UE deep sleep in comparison with the baseline.
·  If UE could go to deep sleep quickly at DRX OFF for 160ms/320ms DRX cycle, case2-3/4 with on-demand RS and power saving signal triggering BWP switching could provide further obvious performance gain due to high ratio of power consumption during DRX-on procedure, which could be up to 90% for low traffic load, and 62% for heavy traffic load.

System performance
Based on above discussion, the system throughput performance of BWP switching is shown Table 10. Wideband BWP is assumed to be the baseline scheme for the comparison of the performance results with, other power saving schemes with BWP switching scheme.
 The system performance results are based on the FTP3 traffic model with different system load. Case2-2 with NR-R15 BWP switching scheme is assumed as baseline. Performance gain of Case2-3 and Case 2-4 with power saving reference signal (PS-RS) over the baseline is shown in Table 10.   From Table 10, we can see the user perceived throughput at 5% /50%/95% and average UPT.
[bookmark: _Ref534930157]Table 10 System performance with different BWP switching for BB model
	UPT(Mbps)
	Traffic load

	
	3.2
	0.8

	5% UPT
	19.60%
	10.50%

	50% UPT
	16.00%
	11.80%

	95% UPT
	17.40%
	17.70%

	Avg. UPT
	17.10%
	16.10%



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, case2-3 and case 2-4 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, and 320ms.  
Observation2: Frequency domain adaptation with BWP switching could provide power saving performance gain.

DRX adaptation
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 details in description and operation procedure of the power saving schemes with UE adaptation to the DRX operation are shown in [7]. The evaluation of the performance results of power saving gain with CSI feedback during DRX ON are evaluated with the assumption summarized in Table 11.
[bookmark: _Ref534931737]Table 11 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.
[image: ]
Figure 9 Simulation results for UE adaptation to DRX operation
Table 12 Power saving gain with different DRX cycles 
	DRX cycle(ms)
	Traffic load

	
	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, 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.
Observation3: The power saving scheme with UE adaptation to the DRX operation could provide significant power saving gain.

PDCCH monitoring reduction
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 details of the power saving signal triggering PDCCH monitoring reduction is shown in [7]. The cases for the evaluation of power saving signal triggering PDCCH monitoring are summarized in Table 13, and main simulation assumption is aligned to TR38.840, and special assumptions are shown in annex.
[bookmark: _Ref534932850]Table 13 Cases for power saving signal triggering PDCCH monitoring 
	Cases 
	Item
	Note 

	Case4-1
	Legacy PDCCH monitoring in NR-R15
	As 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 for channel tracking and channel measurement are assumed.



[image: ]
Figure 10 Simulation results for PDCCH monitoring reduction
The simulation results are listed as following table.
Table 14 simulation cases for time domain adaption 
	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 initial evaluation results, it is observed that 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.
· 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.

Conclusion
In this contribution, we provide our considerations on remaining evaluation methodology and assumptions, and we have the following proposals and observations:
Proposal1: The power model for TDRA power saving scheme could be included as the power consumption model for the same slot scheduling in the evaluation methodology.
Proposal 2: The power consumption model for different CSI-RS configurations could use the proposed model with different number of OFDM symbols for the evaluation purpose.
Proposal 3: The power consumption model is set at 50 unit transition energy for BWP switching.
Proposal 4: The transition energy is assumed to be total 50 unit transition energy for DL CA.
Proposal 5: it is proposed that power scaling for reducing PDCCH decoding could be assumed as:
P(α) = α ∙ Pcross-slot + (1 – α) ∙ 50
Proposal 6: for the evaluation purpose, the power consumption of power saving signal could be modeled by reusing the deep sleep power consumption model 1 unit/slot, or 0.1unit/slot, even less than 0.1unit/slot.
Proposal 7: Power saving reference signal power consumption model could reuse CSI-RS power consumption model for evaluation purpose, and similar scaling scheme could be also used.
Observation1: time domain adaptation with cross-slot could provide power saving performance gain.
Observation2: Frequency domain adaptation with BWP switching could provide power saving performance gain.
Observation3: DRX adaptation could provide power saving performance gain.
Observation4: PDCCH reduction could provide power saving performance gain.
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Annex
In this part, it provides all of simulation assumptions.
1. Time domain adaptation
Table 15 simulation assumptions for time domain adaption
	Simulation case
	Assumptions

	Case1-1/2:Time domain adaptation
	DRX cycle
	320ms,160ms

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	80ms,40ms

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE 

	
	CSI-RS period
	5ms

	
	Channel tracking time 
	10ms based on CRS-RS;
2slot based on power saving reference signal

	
	TDD configuration
	DSUUD

	
	Cross-slot scheduling 
	K0=3

	
	Traffic model
	FTP3 with 0.5Mbps, 
traffic load: 0.1,3.2,5,10



2. Frequency domain adaptation
Table 16 simulation assumptions for frequency domain adaption
	Case2: frequency domain adaptation
	Simulation scenario
	Indoor hotspot, 12TRPs and 120UEs are deployed 

	
	Duplex
	TDD,DSUUD

	
	Antenna configuration
	gNB:(4,4,2,1,1), 
UE:4Rx

	
	MIMO
	SU

	
	Channel error model and interference error model
	ideal

	
	BWP configuration
	Wideband BWP:100MHz
Narrow BWP: 10MHz

	
	DRX cycle
	320ms,160ms,40ms

	
	On-duration-timer
	10ms,8ms,4ms

	
	Inactivity timer
	80ms,40ms,10ms

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE

	
	CSI-RS period
	5ms

	
	Channel tracking time 
	25ms based on CRS-RS;
5ms based on power saving reference signal

	
	Traffic model
	FTP3 with 0.5Mbps, 
traffic load: low, middle, high

	
	Metric 
	User perceived throughput, 5%,50%,95%,averge UPT.



3. DRX adaptation
Table 17 simulation assumptions for DRX adaption
	Simulation case
	Assumptions

	Case3:DRX adaptation
	DRX cycle
	320ms,160ms

	
	On-duration-timer
	10ms,8ms

	
	Inactivity timer
	80ms,40ms

	
	MAC-CE function
	Enable.
Inactivity timer could be terminated by MAC-CE 

	
	Power saving signal
	Power saving signal periodic is same as DRX cycle.

	
	CSI-RS period
	5ms

	
	Channel tracking time 
	10ms based on CRS-RS;
2slot based on power saving reference signal

	
	TDD configuration
	DSUUD

	
	Power saving signal
	Low power consumption power saving signal, 0.1unit

	
	Traffic model
	FTP3 with 0.5Mbps, 
traffic load: 0.1,3.2,5,10



4. PDCCH monitoring reduction
Table 18 simulation assumptions for PDCCH monitoring reduction
	Case4: evaluation on PDCCH monitoring reduction
	DRX cycle
	320ms,160ms,40ms　

	
	On-duration-timer
	10ms,8ms,4ms

	
	Inactivity timer
	80ms,40ms,10ms

	
	Traffic model
	FTP3 with 0.5Mbps, 
traffic load: low, middle, high

	
	MAC-CE function
	enable
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