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1	Introduction
In this document, we provide
· performance evaluation of wake-up signal (WUS) in section 2.1
· performance evaluation of cross-slot scheduling is section 2.2
· performance evaluation of antenna adaptation techniques in section 2.3
· summary and proposals based on evaluations in section 2.4
Finally, we discuss some remaining issues on evaluation methodology in section 2.5.  
[bookmark: _Ref178064866]2	Evaluation Results and Discussion
2.1	Evaluation of wake-up signal
In this section, the evaluation for WUS is provided with the set-up shown in the Figure 1.

[image: ]
Figure 1. WUS 
WUS allows UE to skip Idle On durations (i.e. no data for the UE). So, the power consumed by the UE for a given DRX periodicity is smaller with WUS than without WUS. Alternately, this should also allow the NW to configure a smaller DRX periodicity with WUS maintain UPT while reducing power consumption. Figure 2 below illustrates this trade-off. 
[image: ]Without WUS
With WUS
40ms
60ms
80ms
160ms
160ms
80ms
60ms
40ms
20ms
20ms

Figure 2. Power consumption (units) vs UPT ([Mbps]) for WUS and without WUS for different DRX cycle values.
The figure shows the average UPT vs average power consumption. As shown in the figure, while configuring WUS may appear to reduce UPT for a given DRX cycle, the power consumption gain provided by WUS allows configuration of a shorter DRX cycle which results in higher overall UPT. For example, at 32 Mbps UPT, the average power consumption with 160 ms DRX cycle without WUS is 51 units; if WUS is configured and the DRX cycle is reduced, the same UPT can be achieved with DRX cycle shorter than 160ms and lower power consumption ~ 48 units. Overall, for the simulated cases, WUS +shorter DRX cycle provides 8% to 14% power savings gain at a given UPT.   
The power consumption for various UE states (100 units for PDDCH slot, 1 unit for deep sleep slot etc.) is as per the agreed power model for the SI. For WUS monitoring, it is assumed that 55units of power is consumed in the slot in where WUS in monitored. WUS MO occurs three slots before the On duration. Several DRX Cycles from 20 to 160 ms are evaluated with On duration of 8ms and 100ms IAT. Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 

	Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	Ericsson 
	WUS +Shorter DRX cycle compared to no WUS  + Longer DRX 
	8%-14%
	8%-14% power saving gain for the same UPT
	10% gain for same power consumption
	One WUS sent in one symbol before each traffic burst
	System-level simulation
CDRX
Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 
 RU < 10%. 

	Several DRX Cycles from 20 to 160 ms are evaluated with On duration of 8ms and 100ms IAT 




[bookmark: _Toc1157902]Shorter DRX cycle with WUS provides better UPT without increased power consumption compared to using a longer DRX cycle without WUS. For the evaluated cases, 8%-14% power saving gain is observed for same UPT.
[bookmark: _Toc1157903]Shorter DRX cycle with WUS provides better UPT without increased power consumption compared to using a longer DRX cycle without WUS. For the evaluated cases, 10% UPT improvement is observed for same power consumption.
More detailed evaluation results are given in Annex A. 
2.2 	Evaluation of cross-slot scheduling
With cross slot scheduling, if UE knows that PDCCH can only assign PDSCH with a delay of one slot or more (K0 >1), there is increased opportunity for microsleep right after PDCCH reception. This scenario is evaluated for different values of K0 = 1, K0 = 4 and K0 =16, and these are compared against the baseline case of K0 = 0 (same-slot scheduling). For K0>0 and for slots where there is no PDSCH scheduled for the UE, the PDCCH monitoring takes smaller power (0.7x compared to the case no-cross-slot scheduling). However, in slots where data is scheduled, there is no power savings gains since the UE does not have opportunity for micro-sleep. For the case when data is scheduled, there is UPT loss due to increased scheduling delay with cross-slot scheduling. 
Results are in the following table. 
	Load
	DRX
parameters
	Stats
	UPT Loss (%)
	Power saving gain (%)

	
	
	
	K0=1
	K0=4
	K0=16
	K0=1
	K0=4
	K0=16

	 
3% RU
 
 
	(160;100;8)
	Mean
	3%
	9%
	28%
	18%
	17%
	11%

	
	
	5% UPT
	0%
	9%
	20%
	16%
	15%
	6%

	
	
	50% UPT
	1%
	7%
	31%
	18%
	17%
	11%

	
	
	95% UPT
	4%
	12%
	32%
	20%
	17%
	7%

	 
48% RU

	(160;100;8)
	Mean
	3%
	9%
	28%
	17%
	15%
	9%

	
	
	5% UPT
	5%
	13%
	30%
	13%
	9%
	2%

	
	
	50% UPT
	3%
	10%
	25%
	20%
	18%
	13%

	
	
	95% UPT
	3%
	12%
	29%
	21%
	19%
	16%



More detailed evaluation results are given in Annex B.
Since cross-slot scheduling does not provide any power saving gain when a UE is receiving a traffic burst, and instead reduces the UPT due to increased delay (especially for UEs with good SNR), it is beneficial to limit cross-slot scheduling to Idle On durations as much as possible. Therefore, cross-slot scheduling should be turned off when the UE has a traffic burst e.g. after detection of PDCCH scheduling PDSCH and turned back on after the end of the traffic burst.

[bookmark: _Toc1157904]Cross-slot scheduling provides power saving gain with a UPT loss, especially for minimum K0 >1.
a. [bookmark: _Toc1157905]K0 = 1 leads to UPT loss of 3%-5% and a power saving gains of 13%-21%. 
b. [bookmark: _Toc1157906]K0 = 4 leads to UPT loss of 10%-13% and a power saving gains of 9%-13%. 
c. [bookmark: _Toc1157907]K0 = 16 leads to UPT loss of 25%-30% and a power saving gains of 2%-15%.

[bookmark: _Toc1157908]Always using cross-slot scheduling negatively impacts scheduling delay and throughput, especially for minimum K0>1. Mechanisms for faster adaptation between cross-slot scheduling and regular scheduling are needed to address throughput impact.   

	[bookmark: _Hlk1063527]Company
	Power saving scheme
	Power saving gain
	Power saving gain for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	Ericsson
	Cross-slot scheduling comparing with minimum K0 > 0 
K0 = 1 
K0= 4 
K0= 16
	See next column
	K0 = 1: 13%-21%
K0 = 4: 9%-19%
K0 = 16: 2%-15%
	UPT loss: 
K0 = 1: 
3%-5% 
K0 = 4: 
10%-13% 
K0 = 16: 
25%-30% 

	
	System-level simulation
CDRX 
Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 
48% RU
	DRX Cycle 160 ms with On duration of 8ms and 100ms IAT

	Ericsson
	Cross-slot scheduling comparing with minimum K0 > 0 
K0 = 1 
K0= 4 
K0= 16
	See next column
	K0 = 1: 16%-20%
K0 = 4: 15%-17%
K0 = 16: 6%-11%
	UPT loss: 
K0 = 1: 
0.3%-4% 
K0 = 4: 
7%-12% 
K0 = 16: 
20%-32% 

	
	System-level simulation
CDRX 
Traffic model is FTP3 with 180 kB packet size and 200 ms inter-arrival time is used. 
3% RU

	DRX Cycle 160 ms with On duration of 8ms and 100ms IAT



2.3 Evaluation of antenna adaptation 
Below we show performance comparison between 
a) UE supporting maximum 2-layers with two receive antennas and 
b) UE supporting maximum 2 layers with four receive antennas
The performance is compared in terms of terms of mean user serving time (shown in Figure 3a) and NW resource utilization (in Figure 3b) 
Relative degradation (i.e., longer latency, more NW overhead) of operating a UE with 2Rx antennas as opposed to 2Rx antennas is summarized in the Table below the figures.
[image: ]
Figure 3a. Mean user serving time for 2Rx vs. 4Rx UE
[image: ]

Figure 3b. NW resource utilization for 2Rx vs. 4Rx UE

	[bookmark: _Hlk1041421]Served Traffic [bps/Hz/cell]
	1
	1.5
	2
	2.25
	2.4

	Increase in Mean User Serving Time for 2-Rx over 4-Rx
	1.4x
	1.8x
	3x
	5.5x
	7.6x

	Power savings for 2-Rx over 4-Rx
	0.7x
	0.7x
	0.7x
	0.7x
	0.7x

	Increase in Resource Utilization for 
2-Rx over 4-Rx
	1.3x
	1.7x
	2.1x
	2.6x
	2.7x









As shown from the results, with more Rx antennas UE can maintain the same average transmission rank (rank 2 shown in the evaluations) and utilize the available additional degrees of freedom for improved IRC filtering. This improved IRC filtering significantly improves the capacity of the system. As the table shows, UE has to stay awake longer to the receive the packets with 2Rx (1.4x or 40%  longer user serving time even at lowest load) and this negates any power savings gains from antenna reduction (e.g. 30% reduction in power from reducing 4Rx to 2Rx, i.e., 0.7x as per agreed power model).
Given the above results, from NW perspective, we don’t see motivation to signal the UE to use fewer antennas or allow explicit mode of operation where UE can use fewer antennas.
 
	Company
	Power saving scheme
	Power saving gain
	Power saving gaing for each configuration
	UPT/Latency

	Estimated Overhead
	Evaluation methodology
	Note

	Ericsson
	(1) Comparison of 2-Rx chains vs 4-Rx chains with maximum 2-layers
	Negligible to negative  power saving gains since UE with 2Rx operation (vs 4Rx) has to stay awake longer to receive data.

	
	Latency (mean user serving time) increase by 1.4x-7.6x based on traffic load
	Overhead (resources utilization) increase of 1.3x-2.7x
Based on traffic load
	System-level simulation

	Increased PDCCH resource overhead due to 2Rx vs 4Rx is not modelled.




[bookmark: _Toc1157909]Having four UE Rx antennas not only allows maintaining the same average transmission rank (e.g. rank 2), but also provides additional degrees of freedom for improved receiver performance (e.g. with IRC receivers). 
[bookmark: _Toc1157910]Reducing number of antennas leads to increased user serving time, implying negligible reduction or even increased power consumption on the UE side. 

2.4	Proposals based on evaluations 
Based on the above evaluation results and observations, we propose the following: 
Proposal 1 [bookmark: _Toc1157911]Wakeup signal should be supported. 
Proposal 2 [bookmark: _Toc1157912]Cross-scheduling should be supported via a pre-configured minimum K0 value. If pre-configured minimum K0 >1 is supported, then mechanisms for faster adaptation between cross-slot scheduling and regular scheduling are needed to address throughput impact.   

3 	Remaining issues on the evaluation methodology
3.1	Energy consumption for state transition
In the previous meeting, the total energy consumption and the total time required for state transition between the active and sleep states has been agreed. The energy and time for the ramp-up and ramp-down, however, are yet to be agreed. An agreement on this is required, e.g. to determine the possible value of different WUS offset with different type of WUS architecture. In the below table, we propose the energy and time for the ramp-up and ramp-down for the state transition.
Table 1. Transition energy and time for state transition between active state and sleep state. 
	Sleep type
	Transition energy
	Transition time

	
	Ramp up
	Ramp down
	Ramp up
	Ramp down

	Deep sleep
	380
	70
	16ms
	4ms

	Light sleep
	85
	15
	5ms
	1ms



Proposal 3 [bookmark: _Toc1157913]Ramp-up and ramp-down in the state transition between the sleep and active states should be modeled as shown in Table 1.

3.2 	Power consumption for wake-up signal
The power consumption required for WUS will vary depends on the receiver design and the used BW. Assuming a dedicated low power wake-up receiver (WUR) for detecting the power saving signal, for example, the silicon area of WUR can be much less compared to that of the main UE modem. Some of its requirements can be relaxed, e.g. allowing noisier clock, lower ADC sampling rate, etc. In certain, for the case of WUR is used to detect the WUS, the total power consumption in the slot where the WUS is monitored is the sum between the power consumption for the sleep state and the power consumption for WUS detection.
For the detection itself, there are two types of approach that can be used, i.e. time domain correlation based, and frequency domain decoding based. For the time-domain correlation approach, UE’s WUR can be designed with ultra-low power as FFT is not required and time/frequency synchronization can be relaxed. Based on the state of art low power RF design, the correlation based WUS detection can consume as little power as 0.1 unit. Some estimated power consumption values are shown in the figure. 
Table 2. Power saving signal power consumption assumption
	Receiver design
	Detection
method
	Power consumption (unit)

	
	
	1MHz
	10MHz
	20MHz

	Main radio

	Time domain
	47
	47
	49

	
	Freq. domain
	47
	48
	49

	Dedicated wake-up radio, (not including main RF/BB and sleep state)
	Time domain

	0.1
	0.7
	1.3



Conclusion
The following observations and proposals are made: 
Observation 1	Shorter DRX cycle with WUS provides better UPT without increased power consumption compared to using a longer DRX cycle without WUS. For the evaluated cases, 8%-14% power saving gain is observed for same UPT.
Observation 2	Shorter DRX cycle with WUS provides better UPT without increased power consumption compared to using a longer DRX cycle without WUS. For the evaluated cases, 10% UPT improvement is observed for same power consumption.
Observation 3	Cross-slot scheduling provides power saving gain with a UPT loss, especially for minimum K0 >1.
a.	K0 = 1 leads to UPT loss of 3%-5% and a power saving gains of 13%-21%.
b.	K0 = 4 leads to UPT loss of 10%-13% and a power saving gains of 9%-13%.
c.	K0 = 16 leads to UPT loss of 25%-30% and a power saving gains of 2%-15%.
Observation 4	Always using cross-slot scheduling negatively impacts scheduling delay and throughput, especially for minimum K0>1. Mechanisms for faster adaptation between cross-slot scheduling and regular scheduling are needed to address throughput impact.
Observation 5	Having four UE Rx antennas not only allows maintaining the same average transmission rank (e.g. rank 2), but also provides additional degrees of freedom for improved receiver performance (e.g. with IRC receivers).
Observation 6	Reducing number of antennas leads to increased user serving time, implying negligible reduction or even increased power consumption on the UE side.

Proposal 1	Wakeup signal should be supported.
Proposal 2	Cross-scheduling should be supported via a pre-configured minimum K0 value. If pre-configured minimum K0 >1 is supported, then mechanisms for faster adaptation between cross-slot scheduling and regular scheduling are needed to address throughput impact.
Proposal 3	Ramp-up and ramp-down in the state transition between the sleep and active states should be modeled as shown in Table 1.
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Annex A – WUS Evaluation (Detailed results)
Dense urban scenario with 9cells and 40MHz system BW is used for system level evaluations.
Table 1. UPT with and without WUS for different load and DRX cycles
	Cell Load
	DRX
parameters
	UPT (Mbps) and UPT Loss (%)

	
	
	without WUS
	with WUS

	
	
	Mean
	5% UPT
	50% UPT
	95% UPT
	Mean
	5% UPT
	50% UPT
	95% UPT

	RU:
5%
	(160;100;8)
	31.93

	25.97

	32.09

	37.41

	30.22
(5.4%)
	25.25
(2.8%)
	31.25
(2.6%)
	32.79
(12.3%)

	
	(80;100;8)
	37.87

	32.66

	37.85

	43.03

	35.15
(7.2%)
	28.38
(13.1%)
	34.94
(7.7%)
	37.48
(12.9%)

	
	(60;100;8)
	40.27

	35.18

	40.56

	44.37

	37.06
(8.0%)
	33.00
(6.2%)
	34.29
(15.5%)
	41.00
(7.6%)

	
	(40;100;8)
	43.90

	36.93

	44.22

	48.80

	39.80
(9.3%)
	33.76
(8.6%)
	41.07
(7.1%)
	45.36
(7.0%)

	
	(20;100;8)
	48.71

	42.27

	49.27

	53.63

	43.86
(10.0%)
	38.40
(9.2%)
	42.57
(13.6%)
	47.68
(11.1%)

	RU:
20%
	(160;100;8)
	28.39

	23.15

	28.54

	33.96

	27.00
(4.9%)
	22.49
(2.9%)
	26.58
(6.9%)
	32.86
(3.2%)

	
	(80;100;8)
	33.72

	28.31

	34.02

	38.94

	31.34
(7.1%)
	27.01
(4.6%)
	33.27
(2.2%)
	35.47
(8.9%)

	
	(60;100;8)
	35.93

	29.68

	36.58

	40.94

	33.06
(8.0%)
	26.62
(10.3%)
	33.44
(8.6%)
	35.69
(12.8%)

	
	(40;100;8)
	38.83

	32.36

	39.31

	44.17

	35.22
(9.3%)
	32.02
(1.1%)
	37.51
(4.6%)
	39.80
(9.9%)

	
	(20;100;8)
	42.71

	35.53

	43.51

	48.27

	38.47
(9.9%)
	32.45
(8.7%)
	39.23
(9.8%)
	40.90
(15.3%)

	RU:
55%
	(160;100;8)
	21.05

	8.21

	22.07

	31.00

	20.09
(4.6%)  
	8.06
(1.8%)
	20.91
(5.3%)
	29.42
(5.1%)

	
	(80;100;8)
	24.72

	9.71

	26.01

	35.65

	23.09
(6.6%)
	9.10
(6.3%)
	23.52
(9.6%)
	34.69
(2.7%)

	
	(60;100;8)
	26.09
	10.02
	27.45
	37.54
	24.13
(7.5%)
	8.12
(19.0%)
	25.20
(8.2%)
	34.55
(8.0%)

	
	(40;100;8)
	28.10
	10.25
	29.39
	40.50
	25.47
(9.4%)
	8.34
(18.6%)
	24.66
(16.1%)
	36.87
(9.0%)

	
	(20;100;8)
	30.55

	10.04

	32.25

	44.97

	27.54
(9.9%)
	8.67
(13.6%)
	29.47
(8.6%)
	38.00
(15.5%)





Table 2. Power saving with WUS
	Cell Load
	DRX
parameters
	Power consumption (unit) and power saving gain (%)

	
	
	without WUS
	with WUS

	
	
	Mean
	5% UPT
	50% UPT
	95% UPT
	Mean
	5% UPT
	50% UPT
	95% UPT

	RU:
5%
	(160;100;8)
	51.67

	51.08

	54.91

	50.80

	46.20
(10.6%)
	45.93
(10.1%)
	49.50
(9.9%)
	45.61
(10.2%)

	
	(80;100;8)
	60.10

	60.61

	61.65

	60.66

	53.10
(11.6%)
	53.04
(12.5%)
	54.27
(12.0%)
	52.90
(12.8%)

	
	(60;100;8)
	63.01

	60.61

	64.74

	61.26

	54.90
(12.9%)
	52.55
(13.3%)
	55.94
(13.6%)
	53.31
(13.0%)

	
	(40;100;8)
	71.07

	78.88

	72.42

	72.03

	56.24
(20.9%)
	64.86
(17.8%)
	56.79
(21.6%)
	57.40
(20.3%)

	
	(20;100;8)
	86.51

	93.86

	85.21

	83.22

	62.64
(27.6%)
	70.36
(25.0%)
	62.23
(27.0%)
	59.36
(28.7%)

	RU:
20%
	(160;100;8)
	56.66

	55.38

	54.56

	56.54

	52.63
(7.1%)
	51.05
(7.8%)
	50.27
(7.9%)
	52.61
(7.0%)

	
	(80;100;8)
	64.85

	63.83

	60.97

	62.33

	58.77
(9.4%)
	58.56
(8.3%)
	54.43
(10.7%)
	56.00
(10.2%)

	
	(60;100;8)
	67.97

	69.54

	67.43

	67.85

	59.70
(12.2%)
	59.94
(13.8%)
	57.73
(14.4%)
	59.19
(12.8%)

	
	(40;100;8)
	75.02

	74.10

	73.14

	72.71

	60.92
(18.8%)
	60.24
(18.7%)
	59.24
(19.0%)
	58.47
(19.6%)

	
	(20;100;8)
	89.11

	88.28

	89.50

	85.42

	66.76
(25.1%)
	65.48
(25.8%)
	66.26
(26.0%)
	63.57
(25.6%)

	RU:
55%
	(160;100;8)
	82.87

	119.01

	85.22

	81.82

	75.84
(8.5%)
	113.04
(5.0%)
	78.33
(8.1%)
	73.88
(9.7%)

	
	(80;100;8)
	89.92

	94.14

	89.26

	90.41

	83.80
(6.8%)
	87.82
(6.7%)
	83.14
(6.9%)
	83.65
(7.5%)

	
	(60;100;8)
	92.06

	85.47

	92.57

	91.38

	85.42
(7.2%)
	79.07
(7.5%)
	85.10
(8.1%)
	84.76
(7.2%)

	
	(40;100;8)
	95.12

	103.98

	106.19

	89.02

	86.20
(9.4%)
	94.88
(8.8%)
	98.04
(7.7%)
	79.60
(10.6%)

	
	(20;100;8)
	103.57

	113.92

	113.54

	101.00

	88.23
(14.8%)
	98.98
(13.1%)
	99.41
(12.4%)
	84.92
(15.9%)











Annex B – Cross-slot evaluation (Detailed results)
Dense urban scenario with 9cells and 40MHz system BW is used for system level evaluations. FDD is assumed for cross-slot scheduling evaluations.

Table 1. UPT with and without cross-slot scheduling for different load and K0 values
	User/ Cells
	DRX
parameters
	Stats
	Average UPT (Mbps)
	UPT decrease (%)

	
	
	
	K0 = 0
	K0=1
	K0=4
	K0=16
	K0=1
	K0=4
	K0=16

	Load
RU: 3%
	No DRX
	Mean
	53.81
	51.98
	47.35
	35.31
	3.4%
	12.0%
	34.4%

	
	
	5% UPT
	50.67
	48.19
	43.84
	31.88
	4.9%
	13.5%
	37.1%

	
	
	50% UPT
	53.78
	51.37
	47.32
	35.49
	4.5%
	12.0%
	34.0%

	
	
	95% UPT
	56.72
	55.21
	50.85
	39.61
	2.7%
	10.3%
	30.2%

	
	(160;100;8)
	Mean
	35.51
	34.64
	32.37
	25.47
	2.5%
	8.8%
	28.3%

	
	
	5% UPT
	31.14
	31.04
	28.45
	24.81
	0.3%
	8.6%
	20.3%

	
	
	50% UPT
	35.39
	34.93
	32.94
	24.57
	1.3%
	6.9%
	30.6%

	
	
	95% UPT
	40.40
	38.67
	35.76
	27.54
	4.3%
	11.5%
	31.8%

	Load
RU: 48%
	No DRX
	Mean
	44.64
	43.23
	39.26
	29.35
	3.2%
	12.1%
	34.3%

	
	
	5% UPT
	32.01
	31.23
	28.68
	21.51
	2.4%
	10.4%
	32.8%

	
	
	50% UPT
	46.13
	44.30
	39.73
	29.20
	4.0%
	13.9%
	36.7%

	
	
	95% UPT
	53.05
	51.32
	47.35
	35.94
	3.3%
	10.7%
	32.3%

	
	(160;100;8)
	Mean
	28.91
	28.12
	26.25
	20.89
	2.7%
	9.2%
	27.7%

	
	
	5% UPT
	20.34
	19.24
	17.69
	14.28
	5.4%
	13.0%
	29.8%

	
	
	50% UPT
	29.49
	28.63
	26.65
	22.06
	2.9%
	9.6%
	25.2%

	
	
	95% UPT
	35.84
	34.77
	31.60
	25.37
	3.0%
	11.8%
	29.2%



Table 2. Power consumption with and without cross-slot scheduling for different load and K0 values
	Load
	DRX
parameters
	Stats
	Average Power
	Power saving (%)

	
	
	
	K0 = 0
	K0=1
	K0=4
	K0=16
	K0=1
	K0=4
	K0=16

	RU: 3%
	No DRX
	Mean
	116.69
	89.52
	90.02
	91.83
	23.3%
	22.9%
	21.3%

	
	
	5% UPT
	117.30
	90.89
	91.29
	96.25
	22.5%
	22.2%
	17.9%

	
	
	50% UPT
	120.19
	94.01
	94.02
	95.51
	21.8%
	21.8%
	20.5%

	
	
	95% UPT
	117.17
	89.95
	90.00
	90.30
	23.2%
	23.2%
	22.9%

	
	(160;100;8)
	Mean
	50.05
	40.83
	41.64
	44.80
	18.4%
	16.8%
	10.5%

	
	
	5% UPT
	52.72
	44.15
	44.60
	49.35
	16.3%
	15.4%
	6.4%

	
	
	50% UPT
	50.10
	41.03
	41.78
	44.61
	18.1%
	16.6%
	11.0%

	
	
	95% UPT
	47.88
	38.38
	39.76
	44.67
	19.8%
	17.0%
	6.7%

	Load
RU: 48%
	No DRX
	Mean
	119.08
	92.34
	93.11
	94.92
	22.5%
	21.8%
	20.3%

	
	
	5% UPT
	119.33
	92.63
	93.26
	95.67
	22.4%
	21.8%
	19.8%

	
	
	50% UPT
	118.23
	91.72
	92.03
	95.65
	22.4%
	22.2%
	19.2%

	
	
	95% UPT
	121.69
	96.26
	95.94
	97.36
	20.9%
	21.2%
	20.0%

	
	(160;100;8)
	Mean
	58.19
	48.50
	49.56
	52.84
	16.7%
	14.8%
	9.2%

	
	
	5% UPT
	72.50
	63.17
	65.91
	71.21
	12.9%
	9.1%
	1.8%

	
	
	50% UPT
	55.25
	44.44
	45.53
	47.92
	19.6%
	17.6%
	13.3%

	
	
	95% UPT
	53.97
	42.72
	43.92
	45.60
	20.8%
	18.6%
	15.5%




Annex C – Antenna adaptation evaluation (simulation assumptions)

	Parameters
	Dense urban (Macro-layer Only)

	Carrier frequency
	4 GHz 

	Simulation bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Cell layout
	7 sites with 21 homogeneous cells, 200m inter-site distance

	Channel model
	According to TR 38.802

	BS Tx power
	41 dBm

	BS antenna configuration
	(M, N, P) = (1,4,2), dH = 0.5λ 

	UE antenna configuration
	2 Rx Ports: (M,N,P) = (1,1,2) 
4 Rx Ports: (M,N,P) = (1,2,2) , dH = 0.5λ

	Scheduling
	SU-MIMO, wideband Round-Robin scheduling

	Transmission rank
	2 Rx Ports: Up to 2 layers
4 Rx Ports: Either up to 2 layers, or up to 4 layers

	Traffic model 
	FTP model 1, 500kB packet size








	4/4	
image3.emf
1 1.2 1.4 1.6 1.8 2 2.2 2.4

Served Traffic [bps/Hz/macro cell]

0

0.1

0.2

0.3

0.4

0.5

0.6

M

e

a

n

 

U

s

e

r

 

S

e

r

v

i

n

g

 

T

i

m

e

 

[

s

]

Mean User Serving Time vs. Served Traffic

2 RX ports, max rank 2

4 RX ports, max rank 2


image4.emf
1 1.2 1.4 1.6 1.8 2 2.2 2.4

Served Traffic [bps/Hz/macro cell]

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

R

e

s

o

u

r

c

e

 

U

t

i

l

i

z

a

t

i

o

n

Resource Utilization vs. Served Traffic

2 RX ports, max rank 2

4 RX ports, max rank 2


image1.png
I

|

]

I 1

WUSMO ON
duration

Monitor T

PDCCH detected
Wus PDCCH
detected in
WUSs MO

P11

IAT WUsmMo ON
expires, duration

Cangoto
sleep




image2.emf
45 50 55 60 65 70 75 80 85 90

Average Power Consumption

30

32

34

36

38

40

42

44

46

48

50

A

v

e

r

a

g

e

 

U

P

T


