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1.	Introduction
In RAN#90-e, the new SI on high power UE (power class 2) for NR FDD band was approved in [1]. The high power in NR FDD band is used for extending cell coverage and improving the cell edge performance FDD UL. One of objectives in this SI is to evaluate system performance gains by introduction of PC2 UE in NR FDD band. In RAN4#98-e, two options of simulation method and simulation assumptions were discussed in [3]. Then the agreed simulation assumptions are captured in [4].
In this paper, we provide the FDD PC2 system simulation results and de-sense analysis for urban macro scenario. 
2. Discussion
2.0 Simulations assumptions
In [4], the simulation assumptions using Monte-Carlo simulation are agreed as Table 1. 

Table 1.  System Assumptions
	Parameter
	Base Station
	UE

	Carrier frequency
	2GHz

	Channel bandwidth
	40MHz

	Active UE number in UL
	3

	PC2 UE ratio
	25%, 50%, 100%

	Inter-site distance
	750m

	Cell layout
	Wrap-around 19 tri-sector cells

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban)

	Antenna gain and horizontal antenna pattern
	
17 dBi,     = 65 degrees,
Am = 20 dB
	Omni-directional antenna with -3.5 dBi.

	Noise figure
	5 dB
	9 dB

	Transmit power
	46 dBm
	23 dBm for UE, 26dBm for HPUE

	Antenna height
	45 m
	1.5 m



The power control (PC) set 4A and 4B are selected for performance evaluation which refers to 36.886 chapter 5.10.1.2. The parameters are presented in Table 2.  

Table 2. PC set parameters for 23dBm UE and 26 dBm UE with 0.75 km ISD
	Power control set parameter 
	Gamma
	CLx-ile for BW 40MHz

	
	
	23dBm
	26dBm

	Set 4A
	1
	104
	107

	Set 4B
	1
	100
	103

	Note: the original table in 36.886 is for 20MHz bandwidth, thus the value needed to be adjusted for 40MHz bandwidth correspondently. 



Figure 1 and 2 are the CDF curve of Tx power for power control set 4A and 4B, respectively, to show the difference between FDD PC2 and PC3.
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Figure 1.  UL Tx power CDF for power control set 4A
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Figure 2.  UL Tx power CDF for power control set 4B
2.1 Simulations method 
In [4], the Monte-Carlo simulation based sub-snapshot method is agreed as one of possible methods. 
The difference for UL duty cycle is emulated by assuming there are N sub-snapshots within one snapshot. For example, we can set N=2 for the case of 50% duty cycle for PC2 FDD HPUE. Similarly, we can set N=4 for the case of 25% duty cycle. In each snapshot, UEs are randomly placed in a predefined deployment scenario. But within one snapshot, the UEs’ locations for N sub-snapshots are fixed.  Table 3 illustrates the sub-snapshot concept and the simulation method. When the simulation performance is assumed to be measured within one frame (e.g., 10ms) and only 50% time can be used for UL transmission within one frame. Then each sub-snapshot can be considered as 5ms in the Monte-Carlo simulation. 

Table 3. An example to compare FDD PC2 UE (50% DC) and FDD PC3 UE (100% DC)  
	 
	The first sub-snapshot
	The second sub-snapshot
	UL duty cycle

	FDD PC3 UEs
	Max. Tx power is 23dBm
	Max. Tx power is 23dBm
	100%

	FDD PC2 UEs with transmission power >23dBm
	Max. Tx power is 26dBm
	No transmission 
	50%

	Note 1: For PC2 UEs with transmission power ≤ 23dBm, there is no need to reduce the UL duty cycle since there is no SAR issue. 
Note 2: For simplicity, 50% UL duty cycle will be applied once PC2 UEs transmit power is larger than 23dBm.
Note 3: PC2 UEs with 50% UL duty can randomly transmit power at the first or the second sub-snapshot.



Non-full buffer and full buffer scenarios are both considered in the simulation. For the non-full buffer scenario, the resource will not be used in the sub-snapshot which there is no transmission for the UE with >23dBm Tx power. For the full buffer scenario, a new user will be scheduled in one of the two sub-snapshots when the UE with >23dBm Tx power will not transmit in that correspondent sub-snapshot due to 50% duty cycle. 
2.3 Simulation results 
2.3.1 Simulation results for power control set 4A

The ratio of UL Tx power > 23dBm is about 4.9% for power control set 4A. 
The simulation results are compared with FDD PC3 system’s performance of the same power control set. The performance is shown in Table 4 and Table 5 for non-full buffer and full buffer scenario, respectively. 

Table 4.  FDD PC2 system performance for non-full buffer scenario with PC set 4A
	Power control set
	4A
	4A
	4A

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	-0.61%
	-0.91%
	-2.44%

	Cell throughput gain
	0.40%
	1.04%
	2.39%



Table 5. FDD PC2 system performance for full buffer scenario with PC set 4A
	Power control set
	4A
	4A
	4A

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	-3.03%
	-5.45%
	-10.30%

	Cell throughput gain
	0.48%
	1.12%
	2.55%



Considering the real application scenario, not every UE will have PC2 capability. The PC2 UE ratio, 25%, 50% and 100%, are considered in the simulations to reflect different penetration rates of FDD PC2 UE.  
· Because there is UL 50% duty cycle transmission restriction in PC2, the duty cycle is considered in the result processing, which means the throughput result is the average result between the two sub-snapshots of the snapshot. When there is no transmission in one of the two sub-snapshots for the UEs whose Tx power > 23dBm, the throughput for that sub-snapshot is zero. Therefore, the 5% throughput will observe some degradation because the throughput needs to be averaged in the two sub-snapshots. This represents a worst case scenario in terms of UE performance since it assumes that there a restriction that UE can only transmit every 5ms for example.
· For the new scheduled UE in the full buffer case, even though its transmission power might not be larger than 23dBm, but its throughput still needs to be averaged in the two sub-snapshots because it only has the 50% resource for transmission. Therefore, more degradation can be observed for the 5% performance in the full buffer scenario. 
For both non-full buffer and full buffer scenarios, there are some gains can be observed for the average cell throughput. 
· In non-full buffer scenario, there is less interference when there is only 50% transmission time for the UEs with > 23dBm transmission power. Therefore, the throughput for the UEs with  23dBm power would have better performance and this brings the performance gain for average cell throughput. 
· For the full buffer scenario, there will have more UEs being scheduled in the same resource. The average cell throughput gain comes from the additional scheduled UE’s throughput. 

As shown in table 4 and 5:
· When considering 50% duty cycle in the performance analysis, performance degradation can be observed for the 5% throughput. The degradation’s value depends on the PC2 UE ratio and the traffic loading. 
· When considering 50% duty cycle in the performance analysis, the performance gain can be observed for the average cell throughput. The gain’s value depends on the PC2 UE ratio. 
· When considering 50% duty cycle in the performance analysis, higher PC2 UE ratio will bring higher cell throughput gain while higher 5% throughput degradation. The throughput performance is very sensitive to the PC2 UE ratio. 

The methodology used so far represent a worst-case scenario for the UE transmitting power larger than 23dBm since it is assumed that 50% time of a frame is limited for UL transmission for the UEs with larger than 23dBm power, which is a strict requirement. If this requirement/restriction can be relaxed to a more realistic situation to a longer time duration, the UE can keep transmit with >23dBm power in its scheduled duration. After the UE finishes its transmission, another UE will be scheduled. In this scenario, the UE can naturally realize the 50% duty cycle by the scheduling time since the UE will not be always scheduled. The duty cycle then does not need to be considered in the result processing. Under this assumption, the system performances are shown in Table 6 and Table 7. 

 Table 6. PC2 system performance for non-full buffer case with PC set 4A
when 50% duty cycle is considered in a longer duration 
	Power control set
	4A	
	4A
	4A

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	1.22%
	2.44%
	4.27%

	Cell throughput gain
	0.40%
	1.04%
	2.39%



Table 7.  PC2 system performance for full buffer with PC set 4A 
when 50% duty cycle is considered in a longer duration 
	Power control set
	4A	
	4A
	4A

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	0.61%
	1.83%
	3.05%

	Cell throughput gain
	0.48%
	1.12%
	2.55%



As shown in table 6 and 7:
· When 50% duty cycle can be realized in a longer duration, performance gain can be observed for the 5% throughput. The gain’s value depends on the PC2 UE ratio and the traffic loading. 
· When 50% duty cycle can be realized in a longer duration, performance gain can be observed for the average cell throughput. The gain’s value depends on the PC2 UE ratio and the traffic loading. 
· When 50% duty cycle can be realized in a longer duration, higher PC2 UE ratio will bring higher 5%-throughput gain as well as the average cell throughput gain. The system performance gain is highly related with PC2 UE ratio. 
  
2.3.2 Simulation results for power control set 4B
The Tx power ratio is larger than 23dBm ratio is about 17.8% for power control set 4B. 
The simulation results are compared with PC3 system performance using the same power control set, and the performance variance are shown in Table 8 and Table 9. 

Table 8. PC2 system performance for non-full buffer scenario with PC set 4B 
	Power control set
	4B
	4B
	4B

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	-3.82%
	-8.92%
	-23.57%

	Cell throughput gain
	0.88%
	2.06%
	5.73%



Table 9. PC2 system performance for full buffer scenario with PC set 4B
	Power control set
	4B
	4B
	4B

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	-10.51%
	-19.11%
	-29.30%

	Cell throughput gain
	1.10%
	2.28%
	4.92%



Power control set 4B has much higher UE ratio with >23dBm Tx power than power control set 4A. Therefore, the 5%- throughput has higher degradation and average cell throughput has higher performance gain. 
Similar consideration is applied. When 50% duty cycle can be realized in a longer duration, the 50% duty cycle need not be considered in the performance processing. Under this assumption, the system performance is shown in Table 10 and 11. 

Table 10.  PC2 system performance for non-full buffer with PC set 4B 
when 50% duty cycle is considered in a longer duration 
	Power control set
	4B
	4B
	4B

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	5.13%
	10.26%
	17.31%

	Cell throughput gain
	0.81%
	1.98%
	5.50%







Table 11.  PC2 system performance for full buffer with PC set 4B 
when 50% duty cycle is considered in a longer duration 
	Power control set
	4B
	4B
	4B

	PC2 UE ratio
	25%
	50%
	100%

	5% throughput gain
	3.85%
	8.33%
	15.38%

	Cell throughput gain
	1.03%
	2.20%
	4.84%



From the simulation results shown in table 8, 9, 10 and 11, we can see the similar performance variance trend can be observed for the power control set 4B, compared with power control set 4A. 
Observation 1: The system performance is sensitive to the power control set parameters. PC2 UE brings system gain when realistic assumptions are considered. A degradation can be seen if we assume that throughput will be reduced by half due to the duty cycle constraints. In realistic situation, where several UEs are multiplexed in the same cell, non-negligible gain in UL performance can be observed in both mean and 5%-tile throughput.

2.4 De-sense analysis 
The larger UL transmission power of FDD PC2 UE might have impact to the DL receiving performance as illustrated in Figure 3.  
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Figure 3. Illustration of de-sense impact 

System simulations were conducted to analyse the potential impact per the simulation process in Figure 4. The simulation assumptions are also referred to chapter 2.0.  In the simulation assumptions, the centre frequency is 2GHz and the ISD is 750m, which is a classic interference limited system. The DL throughput of the UEs whose UL Tx power is larger than 23dBm is collected and compared between no de-sense scenario and with de-sense scenario.  The de-sense is considered to bring an increase of thermal noise, and then further impact the DL SINR value.  
The de-sense values are simulated from 0dB to 2dB with 0.2dB’s step to evaluate the impact to DL throughput. Through Monte-Carlo simulations, no obvious DL throughput degradation is observed as the simulation scenario is interference limited scenario. 

[image: ]
Figure 4. Simulation methods for de-sense analysis 

Per our simulation which is an interference limited scenario, when up to 2dB’s de-sense is added in the thermal noise, its impact to the DL throughput performance is not obvious through Monte-Carlo simulations. The performance degradation for noise limited scenarios might be seen which depends on operator’s deployment.
Then we have the following observation:
Observation 2: The potential DL degradation due to Tx/Rx de-sense does not lead to substantial performance degradation in typical interference limited scenarios. The performance degradation for noise limited scenarios might be seen which depends on operator’s deployment.
3.	Conclusion
In this paper, we provide FDD PC2 performance simulation results and de-sense impact analysis. We have the following observations:
Observation 1: The system performance is sensitive to the power control set parameters. PC2 UE brings system gain when realistic assumptions are considered. A degradation can be seen if we assume that throughput will be reduced by half due to the duty cycle constraints. In realistic situation, where several UEs are multiplexed in the same cell, non-negligible gain in UL performance can be observed in both mean and 5%-tile throughput.
Observation 2: The potential DL degradation due to Tx/Rx de-sense does not lead to substantial performance degradation in typical interference limited scenarios. The performance degradation for noise limited scenarios might be seen which depends on operator’s deployment.
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