

Page 6

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #95                                     R1-1814080
Spokane, USA, November 12th – 16th, 2018

Source:      ZTE
Title:       Consideration on UE power consumption model and preliminary evaluation results	
Agenda Item:	7.2.9.1
Document for:	Discussion/Decision
1. [bookmark: _Ref298777854]Introduction
In RAN1 #94bis, the following agreements are reached[1].
Agreements:
· The baseline for UE power saving evaluation is NR Rel-15 including support for DRX, BWP adaptation, cross-slot scheduling, PDCCH monitoring parameters, etc.
Agreements:
For the purpose of basic calibration of traffic modeling, FTP model 3 (use 0.1 Mbytes packet size, mean inter-arrival time 200msec) and VoIP model (as defined in R1-070674) should be used to generate time distribution for different power states, for the following scenarios
· No C-DRX configured
· For both VoIP and FTP
· C-DRX cycle 40msec for VoIP
· 10 msec inactivity timer
· Assume max two packets bundled
· C-DRX cycle 160msec for FTP
· 100 msec inactivity timer
In this contribution, some preliminary evaluation results are provided.
1.  Modeling and preliminary results
1. Calibration of traffic model
The time distributions for different power states are provided in this section. FTP model 3 (0.1 Mbytes packet size, mean inter-arrival time 200msec) and VoIP model [2] are used to calculate the time distribution of different power states. Wherein both “No C-DRX” and “C-DRX” scenarios are considered. The simulation assumptions are shown in Appendix A. The Time and power distributions are shown in Appendix B. The FTP model used has a low data arrival rate, but data packet is the peak data supported by the configuration. For VoIP model, the maximum packet is less than 40 bytes, BWP of 100 MHz is used for data reception. It can be seen that the simulation assumptions may seem unrepresentative, it should be used only for calibration. If metrics like latency, throughput and so on need to evaluated, other simulation assumptions should be supported. Noted that time and power distribution evaluation with and without SSB measurements are given in calibration results in Appendix.
1.0.1 Calibration results with SSB measurement
· No C-DRX configured for FTP
The simulation assumption given in Appendix A is used. The packet arrival is Poisson distribution and the time of a packet is counted from the moment it arrives in the queue.
For the FTP model without DRX configured, the PDCCH-only state occupies about 97% of both time and power consumption. The results are shown in Figure A3. 
· No C-DRX configured for VoIP
The model of VoIP is shown in Figure 1. During active period, packets (i.e. AMR voice packets) with same size are generated with constant intervals. In this study, VoIP packet is assumed to be 38 bytes and the time interval between packets is 20 msec [3].
During inactive period, Silence Descriptor (SID) packets with same size is use to generate comfort noise and are transmitted with constant intervals. In this study, the SID packet size is assumed to be 14 bytes and the SID packets are generated with 160 msec intervals [2].
[image: ]
Figure 1 VoIP model
The results in Figure A4 are similar with those in FTP model, PDCCH-only state is the highest contributor to the time and power distribution. 
· C-DRX cycle 160msec for FTP
As the results shown in Figure A5, UE spends half of the time in deep sleep state and 36% time in PDCCH-only state in this scenario. The highest contributor to power is PDCCH-only state.
· C-DRX cycle 40msec for VoIP
It is assumed that up to two packets are bundled. According to Figure A6, light sleep state is the highest contributor to time in this scenario. Because of C-DRX cycle is set to 40msec and SSB periodicity is 20msec, UE is difficult to go to deep sleep. The highest contributors to power are PDCCH-only state and light sleep state.
From the above evaluation results, it can be seen that PDCCH-only is the highest contributor to power consumption.
1.0.2 Calibration results without SSB measurement
[bookmark: _GoBack]The calibration results without SSB measurements are given in Appendix in Figure A12~Figure A15 and Table A4~Table A5.
Observation 1: PDCCH-only state is the highest contributor to power consumption. 
1. Evaluation for power saving techniques
In RAN1#94bis, some power saving techniques are proposed. It is reasonable to evaluation the power saving gain for each technique. It is also necessary to focus on the state which consume most power and the corresponding techniques with great power saving gain.
The power saving techniques such as cross-slot scheduling, DRX configuration, BWP, reduce PDCCH monitoring are evaluated.It is noted that the simulation assumptions and parameters are same with which are set for simulation of calibration.  
1. Cross-slot scheduling
If k0 in pdsch-symbolAllocation IE is configured to be greater than zero, UE can stop receiving the remaining OFDM symbols as soon as the last DL control symbol ends and enter into micro sleep state. This technique mainly reduce the power consumption of PDCCH-only state. The configurations of cross-slot scheduling and same slot scheduling are used for simulation. 
Power saving gain
The detailed simulation results are shown in Figure A7~Figure A9 in Appendix B. Compared with the same slot scheduling, the power saving gain of cross-slot scheduling is about 15% and 26% for VoIP and FTP respectively.
Power distribution
For VoIP model, the power consumption ratio of PDCCH-only is reduced from 45% to 35% by using cross-slot scheduling (k0=15). For FTP model 3, power consumption ratio of PDCCH-only state is reduced from 86% to 81%.
For different k0 values 
Different k0 values are simulated for those two traffic models. From the simulation results, it is can be seen that the total power consumption has little relation ( varies about 1% ) with k0 value.
Observation 2:The power saving gain due to cross-slot scheduling for FTP model 3 is about 26%, for VoIP is about 15% .The total power consumption of cross-slot scheduling has little relation with a non-negative k0 value.
1. BWP
According to the simulation assumption, larger BWP cost more power except sleep states. For FTP model 3, packet size of 0.1 Mbytes is assumed, which is the maximum throughput of the system. Therefore, multiple transmission is needed for a smaller BWP. For VoIP model, the packet of active data is small, so it does not need additional transmission for a single packet even a smaller BWP is used. BWP with 100 MHz and 20MHz are used for evaluation with both FTP model 3 and VoIP model.
Power saving gain
The detailed simulation results are shown in Figure A10~Figure A11 in Appendix B. Compared with BWP of 100 HMz, the power saving gain of 20 HMz BWP is 38% and 53% for FTP and VoIP respectively.
Power distribution
From the simulation results, it is observed that the power consumption of PDCCH-only state reduce from 45% to 27% for VoIP model. And the power consumption of PDCCH-only state is reduced from 84% to 71% for FTP model 3.
For FTP model 3, as the data size does not match the BWP bandwidth, multiple transmissions are needed for a single packet with a smaller BWP, the power-saving gain is not as obvious as the VoIP model. 
Observation 3: It is power efficient if the BWP matches the size of data packet.
1. C-DRX enhancement
In this section, different C-DRX configurations are simulated both for FTP model 3 and VoIP traffic model. The following DRX scenarios are used for evaluation:
· C-DRX cycle 320msec；inactivity timer：{200, 80} msec；On duration: 10 msec
· C-DRX cycle 160msec；inactivity timer：{100, 40} msec；On duration: 8 msec
· C-DRX cycle 40msec；inactivity timer：{25, 10} msec；On duration: 4 msec
Power saving gain
Table 1 Power consumption for different DRX configurations
	C-DRX cycle（msec）
	320
	160
	40

	On duration（msec）
	10
	8
	4

	inactivity timer （msec）
	200
	80
	100
	40
	25
	10

	VoIP model
	1
	0.50
	0.83
	0.41
	0.71
	0.62

	FTP model 3
	1
	0.76
	0.85
	0.61
	0.79
	0.36



It can be seen from the results in Table 1 that C-DRX cycle with proper inactivity timer saves UE power consumption.
Observation 4: C-DRX cycle with a proper inactivity timer saves UE power consumption.
1. Reduce PDCCH monitoring
As discussed in RAN1#94bis, scaling for the power reduction due to PDCCH candidates processing (e.g. AL/CCE/BD) reduction is modelled solely based on its effect on microsleep portion of the PDCCH-only slot. Assume microsleep occupies 7 symbols in a PDCCH-only slot and the power of PDCCH-only state is 100 units. According to the evaluation, reducing the PDCCH process duration from 7 to 4 symbols shows a power saving gain of 14% and 26% for VoIP and FTP  respectively. 
Observation 5: Reduction in PDCCH monitoring saves UE power consumption.
The above evaluation and observations are based on the models in Appendix. To have a comprehensive understanding about the impacts and benefits of the potential techniques, more representative simulation assumptions are needed.
1. Conclusion
Based on the simulation assumptions in the Appendix A, different scenarios and potential power saving techniques are evaluated. We have the following observations and proposals: 
Observation 1: PDCCH-only state is the highest contributor to power consumption. 
Observation 2:The power saving gain due to cross-slot scheduling for FTP model 3 is about 26%, for VoIP is about 15% .The total power consumption of cross-slot scheduling has little relation with a non-negative k0 value.
Observation 3: It is power efficient if the BWP matches the size of data packet.
Observation 4: C-DRX cycle with a proper inactivity timer saves UE power consumption.
Observation 5: Reduction in PDCCH monitoring saves UE power consumption.
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[bookmark: _Annex_A:_Settings]Appendix A: Simulation assumptions
[bookmark: _Annex_B:_Simulation]A  Power model
(1) No C-DRX
UE is not configured with DRX in this scenario. UE needs to monitor the PDCCH in every slot. In addition, the UE might need to receive SSB or CSI-RS for RRM measurement. A simplified UE modem timeline without C-DRX is shown below. 
[image: ]
Figure A1 Processing timeline without C-DRX
(2) C-DRX
An example when C-DRX is configured is shown below. Once a DL grant is received during ON duration, the inactivity timer would be started. The UE can go to sleep till the inactive timer expires and on duration ends.
Assume UE needs to perform the measurement in on duration state and needs to be within a fine time-frequency sync before next C-DRX cycle starts.
[image: ]
Figure A2 Processing timeline with C-DRX
B  power values
The power states and relative power values are as follows. It should be noted that may be two operations within a slot. In this case, the power of different operations is added. 
Table A1. Power units for different power states
	Power State
	Relative Power

	Deep Sleep
	1

	Light Sleep
	20

	Micro sleep
	45

	PDCCH-only
	100

	SSB or 
CSI-RS proc.
	100

	PDCCH + PDSCH
	300



C  Simulation assumptions
As discussed in RAN1#94bis, the following assumptions are made: FR1; Peak throughput; 100MHz DL BWP; 10-symbol PDSCH (one symbol occupied by DMRS); capable of carrying 868584 information bits per slot (Note: a packet can fit within a PDSCH transmission). All packets can be successfully decoded on the first transmission. No HARQ re-transmission. No UL slot. Single user. Short DRX is not configured. Simulation unit is set as slot.
Table A2. Simulation assumption without C-DRX
	parameter
	value
	parameter
	value

	SCS
	30kHz
	VoIP VAF
	0.5(a=c=0.01)

	SSB period
	20msec
	VoIP Encoder frame length
	20msec

	FTP mean arrival time
	200msec
	BWP
	100M



Table A3. Simulation assumption with C-DRX
	parameter
	value

	SCS
	30kHz

	SSB period
	20msec

	BWP
	100M

	FTP
	FTP mean arrival time
	200msec

	
	C-DRX cycle
	160msec

	
	Inactivity timer
	100msec

	
	On duration
	8msec

	VoIP
	VoIP VAF
	0.5(a=c=0.01)

	
	VoIP Encoder frame length
	20msec

	
	C-DRX cycle
	40msec

	
	Inactivity timer
	10msec

	
	On duration
	4msec

	
	Voice activity factor (VAF)
	50% (c=0.01, d=0.99)

	
	Packet
	Active=38bytes,
DTX=14bytes

	
	Inter arrival time between packets
	Active=20msec,
DTX=160msec



Appendix B: Detailed simulation results
A  Calibration of traffic model with SSB measurement
(1) No C-DRX configured for FTP
Time and power distribution
[image: ][image: ]
Figure A3 Time and power distribution without C-DRX configuration for FTP
(2) No C-DRX configured for VoIP
Time and power distribution
[image: ][image: ]
Figure A4 Time and power distribution without C-DRX configuration for VoIP
(3) C-DRX cycle 160msec for FTP
Time and power distribution
[image: ][image: ]
Figure A5 Time and power distribution with C-DRX configuration for FTP
(4) C-DRX cycle 40msec for VoIP
Time and power distribution
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Figure A6 Time and power distribution with C-DRX configuration for VoIP
B  cross-slot scheduling
VoIP Power distribution
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Figure A7 Time and power distribution with same/cross-slot scheduling for VoIP
FTP Power distribution
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Figure A8 Time and power distribution with same/cross-slot scheduling for FTP
Total power consumption for different k0 value 
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Figure A9 Time and power distribution with different k0 value
C  BWP
VoIP Power distribution
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Figure A10 Time and power distribution with different BWP for VoIP
FTP Power distribution
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Figure A11 Time and power distribution with different BWP for FTP
D  Calibration of traffic model without SSB measurement
Simulation results in this appendix shows the results for calibration without considering SSB.
(1) No C-DRX configured for FTP
Time and power distribution
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Figure A12 Time and power distribution without C-DRX configuration for FTP
(2) No C-DRX configured for VoIP
Time and power distribution
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Figure A13 Time and power distribution without C-DRX configuration for VoIP
(3) C-DRX cycle 160msec for FTP
Time and power distribution
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Figure A14 Time and power distribution with C-DRX configuration for FTP
(4) C-DRX cycle 40msec for VoIP
Time and power distribution
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Figure A15 Time and power distribution with C-DRX configuration for VoIP
Table A4. Calibration of traffic modeling: time distributions of power states
	Time
	PDCCH- only
	PDCCH+ PDSCH
	Micro sleep
	Light sleep
	Deep sleep

	FTP
	No DRX
	99.73%
	0.27%
	0%

	
	C-DRX
（160;100;8）
	35.06%
	0.266%
	0.03%
	0.05%
	64.62%

	VoIP
	No DRX
	98.43%
	1.57%
	0%

	
	C-DRX
（40;10;4）
	19.31%
	0.78%
	0%
	0%
	79.92%



Table A5. Calibration of traffic modeling: power distributions of power states
	Power
	PDCCH- only
	PDCCH+ PDSCH
	Micro sleep
	Light sleep
	Deep sleep

	FTP
	No DRX
	99.19%
	0.81%
	0%

	
	C-DRX
（160;100;8）
	92.76%
	2.11%
	0.01%
	0.03%
	5.09%

	VoIP
	No DRX
	95.44%
	4.56%
	0%

	
	C-DRX
（40;10;4）
	68.81%
	8.29%
	0%
	0%
	22.9%
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