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1. Introduction
The performance of FDD HPUE have been evaluated in previous meetings, and there is a considerable gain in system performance in most scenarios. In this contribution, we provide following TP to capture the study on performance evaluation by dynamic system level simulation. 
2. Text Proposal
Start of text proposal
8.1	Dynamic system level simulation
8.1.1	General
The dynamic system level simulation is usually used to evaluate the system performance gain, which can simulate the behavior of system in more detail. The HPUE feature can improve UL coverage but at the same time increase the interference of the neighboring cells, and the final system performance gain is evaluated by the average cell uplink throughput and 5%-tile cell-edge uplink throughput. 
In addition, the SAR issue is also a practical factor that limits HPUE performance. Restricting duty-cycle is a commonly used method to avoid SAR issue, and it is widely used in TDD systems. However, there are some difficulties in compatibility between duty-cycle and FDD systems, but in order to include the potential impact of scheduling constraints on system performance due to the SAR issues, the 50% duty-cycle restriction should also be evaluated.
8.1.2	Simulation assumptions
The simulation assumptions for dynamic system level simulation are included in Table 8.1.2-1
Table 8.1.2-1. Simulation Assumptions
	Configuration parameters
	Values

	Scenario
	Urban macro

	ISD
	500 m

	Duplexing
	FDD

	Carrier frequency
	1.8 GHz, 2.1GHz

	Modulation
	Up to 64QAM, 256QAM is optional

	Numerology
	15 kHz

	Simulation bandwidth
	40 MHz

	Transmission scheme
	SU-MIMO

	Codebook
	For 2Tx, codebook [1 1]T is used for transmit diversity

	SU dimension
	1 layer

	Antenna configuration at TRxP
	4Rx, (M,N,P,Mg, Ng) = (1,2,2,1,1; 1,2); 4Rx, (M, N, P, Mg, Ng) = (1, 4, 2, 1, 2)
32Rx, (M,N,P,Mg, Ng) = (8,8,2,1,1; 2,8)

	Antenna configuration at UE
	1Tx, (M,N,P,Mg, Ng) = (1,1,1,1,1; 1,1),
2Tx, (M,N,P,Mg, Ng) = (1,1,2,1,1; 1,1)

	UE maximal transmit power
	For 1Tx, 23 dBm for each TXRU
For 1Tx, 26 dBm for each TXRU (High power UE)
For 2Tx, 23 dBm for each TXRU (High power UE)

	Scheduling
	PF

	Receiver
	MMSE-IRC

	Channel estimation
	Ideal

	Power control parameter
	P0=[-60~-76], alpha = [0.6, 0.8]

	TRxP number per site
	3

	TRxP number
	21

	Channel model
	UMa following TR 38.901

	Electronic tilt
	102°

	Traffic model
	FTP3, packet size: 100k / 10k Byte, arrival rate: [1 packet / s, 1 packet/200ms]

	Uplink duty cycle
	50%, 100%

	Note: 	HPUE ratio 100% baseline, 50% and 25% are optional



Further evaluation based on other traffic models for reference are not precluded.
8.1.3	Simulation results
8.1.3.1	P0 = -76, alpha = 0.6
· Company 1 (R4-2109699)
In the simulation, all UEs are assumed to have high power capability and the results are shown in Table 8.1.3.1-1

Table 8.1.3.1-1: Simulation Results for Alpha =0.6
	Antenna
	Max Tx
Power
/dBm
	Packet
size
	Packet
arrival
rate
	Duty cycle
	Cell avg.
UPT
/Mbps
	5% UPT
/Mbps
	Cell avg.
UPT gain
	5% UPT
gain

	BS: 4R 
UE: 1T
	23
	100k Byte
	5 file/s
	100%
	190.1
	3.04
	0%, 
baseline
	0%, 
baseline

	BS: 4R 
UE: 1T
	26
	100k Byte
	5 file/s
	100%
	192.1
	4.24
	1.0%
	39.4%

	BS: 4R 
UE: 1T
	26
	100k Byte
	5 file/s
	50%
	190.3
	3.12
	0.1%
	2.7%


For alpha = 0.6, The proportion of UEs working at high power is relatively small, and the performance gain of PC2 UE is reflected in edge users which is also in line with the expected purpose. However, the 50% duty-cycle will significantly reduce the performance gain because high-power users are mainly distributed at the edge of the cell at this time. 
· Company 3 (R4-2111446)
Table 8.1.3.1-2: Simulation results for P0 = -76, alpha = 0.6
	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/200ms
	153.33%
	112.50 %


8.1.3.2	P0 = -76, alpha = 0.8
· Company 1 (R4-2109699)
Table 8.1.3.2-1: Simulation Results for Alpha =0.8
	[bookmark: _Hlk67904980]Antenna
	Max Tx
Power
/dBm
	Packet
size
	Packet
arrival
rate
	Duty cycle
	Cell avg.
UPT
/Mbps
	5% UPT
/Mbps
	Cell avg.
UPT gain
	5% UPT
gain

	BS: 4R 
UE: 1T
	23
	100k Byte
	5 file/s
	100%
	146.2
	1.36
	0%, 
baseline
	0%, 
baseline

	BS: 4R 
UE: 1T
	26
	100k Byte
	5 file/s
	100%
	179.8
	1.73
	23.0%
	27.4%

	BS: 4R 
UE: 1T
	26
	100k Byte
	5 file/s
	50%
	176.9
	1.53
	21.0%
	12.2%


When the alpha rises to 0.8, the proportion of high-power users will increase. PC2 UEs will significantly improve cell average and edge performance. Since high-power users are not only distributed at the 5% edge of the cell at this time, the performance gain reduction caused by the 50% duty-cycle is relatively small. It is worth noting that the alpha change has caused the power of most UEs to rise, which increases the overall interference level, and the absolute value of the cell throughput decreases relative to the case of alpha=0.6.
· Company 2 (R4-2104922)
The detailed simulation results for band n3 are shown in Table 8.1.3.2-2






Table 8.1.3.2-2: Dynamic system level simulation results
	Antenna Configuration
	Maximum Tx Power(dBm)
	Duty cycle
(%)
	Packet size
(k Byte)
	Arrival rate
(file/s)
	5% UPT
(Mbps)
	Average UPT
(Mbps)

	1Tx 4Rx
	23
	100
	10
	5
	7.95
0%
	45.45
0%

	1Tx 4Rx
	26
	100
	10
	5
	10.13
+27%
	56.84
+25%

	1Tx 4Rx
	26
	50
	10
	5
	8.57
+8%
	56.62
+25%

	2Tx 4Rx
	26
	100
	10
	5
	10.70
+35%
	57.14
+26%

	2Tx 4Rx
	26
	50
	10

	5
	9.03
+14%
	56.98
+25%


· Company 3 (R4-2107300, R4-2111446)
In the simulation assumptions, some parameters have more than one set of values. For the different values, more simulation cases are performed. Table 8.1.3.2-3 and 8.1.3.2-4 provides the simulation results.
Table 8.1.3.2-3: Simulation results for P0 = -76, alpha = 0.8
	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	100k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	100k Byte
	1 file/200ms
	150.11%
	100.03%

	BS: 4R UE: 2T
	26
	100k Byte
	1 file/200ms
	147.90%
	101.67%

	BS: 32R UE: 1T
	23
	100k Byte
	1 file/200ms
	100%
	100%

	BS: 32R UE: 1T
	26
	100k Byte
	1 file/200ms
	150.02%
	107.12%

	BS: 32R UE: 2T
	26
	100k Byte
	1 file/200ms
	150.18%
	105.24%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/200ms
	159.56%
	105.72%

	BS: 4R UE: 2T
	26
	10k Byte
	1 file/200ms
	157.07%
	105.72%

	BS: 32R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 32R UE: 1T
	26
	10k Byte
	1 file/200ms
	159.78%
	108.69%

	BS: 32R UE: 2T
	26
	10k Byte
	1 file/200ms
	159.77%
	108.69%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	100k Byte
	1 file/1s
	100%
	100%

	BS: 4R UE: 1T
	26
	100k Byte
	1 file/1s
	151.88%
	100.82%

	BS: 4R UE: 2T
	26
	100k Byte
	1 file/1s
	156.11%
	100.53%

	BS: 32R UE: 1T
	23
	100k Byte
	1 file/1s
	100%
	100%

	BS: 32R UE: 1T
	26
	100k Byte
	1 file/1s
	152.96%
	102.23%

	BS: 32R UE: 2T
	26
	100k Byte
	1 file/1s
	155.44%
	100.15%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/1s
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/1s
	161.03%
	106.45%

	BS: 4R UE: 2T
	26
	10k Byte
	1 file/1s
	160.06%
	106.45%

	BS: 32R UE: 1T
	23
	10k Byte
	1 file/1s
	100%
	100%

	BS: 32R UE: 1T
	26
	10k Byte
	1 file/1s
	161.34%
	108.69%

	BS: 32R UE: 2T
	26
	10k Byte
	1 file/1s
	160.23%
	108.69%


Table 8.1.3.2-4: Simulation results for P0 = -76, alpha = 0.8
	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/200ms
	167.50%
	109.1%


8.1.3.3	P0 = -60, alpha = 0.6
· Company 2 (R4-2109763)
[bookmark: OLE_LINK2]Table 8.1.3.3-1: Dynamic system level simulation results for 10kB packet size
	Antenna Configuration
	Maximum Tx Power(dBm)
	Duty cycle
(%)
	Packet size
(k Byte)
	Arrival rate
(file/s)
	5% UPT
(Mbps)
	Average UPT
(Mbps)

	1Tx 4Rx
	23
	100
	10
	5
	20.65
0%
	63.81
0%

	1Tx 4Rx
	26
	100
	10
	5
	31.66
+53%
	72.38
+13%

	1Tx 4Rx
	26
	50
	10
	5
	32.69
+58%
	72.43
+14%

	2Tx 4Rx
	26
	100
	10
	5
	31.87
+54%
	73.22
+15%

	2Tx 4Rx
	26
	50
	10

	5
	32.31
+56%
	73.22
+15%


· Company 3 (R4-2107300)
Table 8.1.3.3-2: Simulation results for P0 = -60, alpha = 0.6
	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	100k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	100k Byte
	1 file/200ms
	148.14%
	100.03%

	BS: 4R UE: 2T
	26
	100k Byte
	1 file/200ms
	143.43%
	108.01%

	BS: 32R UE: 1T
	23
	100k Byte
	1 file/200ms
	100%
	100%

	BS: 32R UE: 1T
	26
	100k Byte
	1 file/200ms
	151.49%
	100.97%

	BS: 32R UE: 2T
	26
	100k Byte
	1 file/200ms
	151.38%
	104.57%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/200ms
	160.12%
	105.72%

	BS: 4R UE: 2T
	26
	10k Byte
	1 file/200ms
	157.12%
	105.72%

	BS: 32R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 32R UE: 1T
	26
	10k Byte
	1 file/200ms
	163.25%
	108.69%

	BS: 32R UE: 2T
	26
	10k Byte
	1 file/200ms
	163.12%
	108.69%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	100k Byte
	1 file/1 s
	100%
	100%

	BS: 4R UE: 1T
	26
	100k Byte
	1 file/1 s
	153.16%
	100.78%

	BS: 4R UE: 2T
	26
	100k Byte
	1 file/1 s
	151.74%
	104.03%

	BS: 32R UE: 1T
	23
	100k Byte
	1 file/1 s
	100%
	100%

	BS: 32R UE: 1T
	26
	100k Byte
	1 file/1 s
	155.10%
	102.41%

	BS: 32R UE: 2T
	26
	100k Byte
	1 file/1 s
	154.49%
	102.41%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/1 s
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/1 s
	162.77%
	106.45%

	BS: 4R UE: 2T
	26
	10k Byte
	1 file/1 s
	161.15%
	106.45%

	BS: 32R UE: 1T
	23
	10k Byte
	1 file/1 s
	100%
	100%

	BS: 32R UE: 1T
	26
	10k Byte
	1 file/1 s
	164.53%
	108.69%

	BS: 32R UE: 2T
	26
	10k Byte
	1 file/1 s
	164.49%
	108.69%



8.1.3.4	P0 = -60, alpha = 0.8
· Company 3 (R4-2107300)
Table 8.1.3.4-1: Simulation results for P0 = -60, alpha = 0.8
	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	100k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	100k Byte
	1 file/200ms
	132.77%
	100.02%

	BS: 4R UE: 2T
	26
	100k Byte
	1 file/200ms
	134.44%
	100.81%

	BS: 32R UE: 1T
	23
	100k Byte
	1 file/200ms
	100%
	100%

	BS: 32R UE: 1T
	26
	100k Byte
	1 file/200ms
	127.14%
	100.52%

	BS: 32R UE: 2T
	26
	100k Byte
	1 file/200ms
	126.51%
	102.70%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/200ms
	133.91%
	105.12%

	BS: 4R UE: 2T
	26
	10k Byte
	1 file/200ms
	132.87%
	105.12%

	BS: 32R UE: 1T
	23
	10k Byte
	1 file/200ms
	100%
	100%

	BS: 32R UE: 1T
	26
	10k Byte
	1 file/200ms
	137.62%
	107.41%

	BS: 32R UE: 2T
	26
	10k Byte
	1 file/200ms
	136.81%
	107.41%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	100k Byte
	1 file/1 s
	100%
	100%

	BS: 4R UE: 1T
	26
	100k Byte
	1 file/1 s
	127.75%
	100.63%

	BS: 4R UE: 2T
	26
	100k Byte
	1 file/1 s
	128.25%
	101.69%

	BS: 32R UE: 1T
	23
	100k Byte
	1 file/1 s
	100%
	100%

	BS: 32R UE: 1T
	26
	100k Byte
	1 file/1 s
	125.74%
	101.48%

	BS: 32R UE: 2T
	26
	100k Byte
	1 file/1 s
	124.84%
	105.37%

	Antenna
	Max Tx power/dBm
	Packet size
	Packet arrival rate
	Cell avg. UPT gain
	5% UPT gain

	BS: 4R UE: 1T
	23
	10k Byte
	1 file/1 s
	100%
	100%

	BS: 4R UE: 1T
	26
	10k Byte
	1 file/1 s
	133.45%
	106.45%

	BS: 4R UE: 2T
	26
	10k Byte
	1 file/1 s
	133.46%
	106.45%

	BS: 32R UE: 1T
	23
	10k Byte
	1 file/1 s
	100%
	100%

	BS: 32R UE: 1T
	26
	10k Byte
	1 file/1 s
	137.95%
	107.41%

	BS: 32R UE: 2T
	26
	10k Byte
	1 file/1 s
	137.70%
	107.41%



8.1.3.5	Other
· Company 1 (R4-2109699, R4-2113025)
In addition, the statistics of resource utilization (RU) are shown in Table 8.1.3.5.1-1
Table 8.1.3.5-1: The resource utilization in simulation
	Alpha = 0.6
	Alpha = 0.8

	14.4%
	2.3%


Resource utilization is at a relatively low level which may cause some potential simulation vulnerabilities. Low resource utilization may mean that high-power users at the edge complete data transmission quickly, and there will be no scheduling conflicts between different UEs. This will cause the interference increase caused by high power to be hidden. To remedy this problem, some simulation results of higher resource utilization are provided as Table 8.1.3.5.1-2 and Table 8.1.3.5.1-3
Table 8.1.3.5-2: High data density transmission simulation result
（alpha =0.6, 100% duty-cycle） 
	
	
	PC3（baseline）
	PC2
	
	

	packet size
(k Byte) 
	arrival rate
(file/s)
	RU（%）
	Cell avg.  UPT
/Mbps
	5% UPT
/Mbps
	RU（%）
	Cell avg.  UPT
/Mbps
	5% UPT
/Mbps
	Cell avg. UPT gain
	5% UPT gain

	100K
	10
	32.81
	184.85
	2.76
	34.36
	186.17
	3.78
	0.72%
	37.1%

	100K
	20
	54.83
	166.9
	1.75
	57.18
	167.31
	2.39
	0.24%
	36.1%

	100K
	40
	80.3
	136.6
	0.15
	82.5
	135.9
	0.16
	-0.48%
	7.5%





Table 8.1.3.5-3: High data density transmission simulation result
（alpha =0.8, 100% duty-cycle） 
	
	
	PC3（baseline）
	PC2
	
	

	packet size
(k Byte)
	arrival rate
(file/s)
	RU（%）
	Cell avg.  UPT
/Mbps
	5% UPT
/Mbps
	RU（%）
	Cell avg.  UPT
/Mbps
	5% UPT
/Mbps
	Cell avg. UPT gain
	5% UPT gain

	500K
	10
	23.46
	268.42
	0.06
	24.32
	340.37
	0.066
	26.8%
	10%

	500K
	20
	35.80
	235.8
	0.052
	38.76
	296.97
	0.056
	25.9%
	7.7%

	500K
	40
	47.43
	215.1
	0.045
	53.7
	262.86
	0.0453
	22.2%
	0.5%


The result shows that when the resource utilization increase, the system performance gain of cell average still considerable. However, the performance of cell edge will be tiny when the RU rise to about 50%. Note that under the same traffic model, the RU of PC2 UE will be slightly larger than that of PC3. This is caused by the decrease in SINR due to increased interference at high power.
· Company 3 (R4-2111446)
Figure 8.1.3.5-1 shows the CDF curve of the UE. From Figure 1, although the interference increases with the increase of transmit power of PC2 UE, there is still 1dB gain compared with the PC3 UE. And Figure 8.1.3.5-2 shows the actual number of scheduled RB for the PC2 UE and PC3 UE sorted by UE throughput. For the cell edge UE (5% UPT UE), the number of the scheduled RB for PC2 UE is more than twice of the PC3 UE. Therefore, even though the PC2 UE has 50% restriction, due to the gain of the SINR and the more scheduled RB for PC2 UE, the average and cell edge cases could have an obvious performance gain.
[image: ]
Figure 8.1.3.5-1 SINR CDF of PC2 UE (50% duty cycle) and PC3 UE (100% duty cycle)
[image: ]
Figure 8.1.3.5-2 Number of scheduled RB per UE sorted by the UE throughput

End of text proposal
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