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1	Introduction 

HPUE has been successfully introduced for TDD bands in E-UTRA and NR to mitigate the concern of insufficient UL coverage for frequency bands above 2.4 GHz and improve the UL throughput. The benefit of HPUE has motivated the introduction of the feature for FDD bands where a new WID on “High power UE (power class 2) for NR FDD band was approved in RAN #93-e meeting [1]. One of the main justifications for the WID is to improve the uplink (UL) data rate in FDD bands by proportionally increasing the UL resource allocation with raising UE transmit power to maintain the same power spectral density (PSD) or SNR at gNB receiver under the same cell coverage range. However, for FDD bands with narrow duplex gap such as n3, it would not be feasible to increase UL resource allocation with increasing UL power without impacting the REFSENS when UE channel bandwidth is wider than 10 MHz. On the other hand, in contrast to the nominal full-duplex operation in FDD bands, the half-duplex operation in HPUE domain as proposed in [2-3] may benefit certain FDD bands by avoiding the self-interference from UL transmission where the performance gain is subject to further justification as per the approved WF [4] in last RAN4 meeting. In this contribution, we provide the MSD analysis for n3 and n8 at PC2 under various UL allocations as a first step towards the system level simulations with self-interference incorporated. We also share our preliminary system simulation results with the comparison of the UL/DL throughput performance between full-duplex and half-duplex operations using a simple equation-based model for self-interference noise generation.                 
2 Discussion

2.1	n3 and n8 MSD analysis

The MSD analysis is based on the simulation assumptions as summarized in Table 2.1-1 where only Tx noise into Rx band was considered.

	Parameter
	Value
	Comment

	Tx and PA model
	Same as used for MPR/A-MPR simulations 
	CIM3, CIM5, IRR, etc.

	Tx power
	26 dBm
	At antenna port

	FE insertion loss
	4 dB
	 

	Duplexer isolation
	50 dB
	Tx to Rx

	
	42 dB
	Tx to ANT

	Antenna isolation
	10 dB
	Main to diversity

	MRC
	 
	Uncorrelated

	n3 channel BW
	UL/DL: 30/30, 40/40, 50/50
	MHz

	n8 channel BW
	UL/DL: 20/35
	MHz



Table 2.1-1 Simulation assumptions for MSD analysis
Figure 2.1-1, Figure 2.1-2, and Figure 2.1-3 show the simulated MSD distributions versus UL allocations for n3 with UL/DL channel BW at 30MHz/30MHz, 40MHz/40MHz, and 50MHz/50MHz, respectively. Figure 2.1-4 shows the simulated MSD distribution versus UL allocations for n8 with UL/DL channel BW at 20MHz/35MHz.
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Figure 2.1-1 MSD distribution versus UL allocations for n3 at 30MHz/30MHz UL/DL channel BW
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Figure 2.1-2 MSD distribution versus UL allocations for n3 at 40MHz/40MHz UL/DL channel BW
[image: Chart, bar chart

Description automatically generated]

Figure 2.1-3 MSD distribution versus UL allocations for n3 at 50MHz/50MHz UL/DL channel BW
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Figure 2.1-4 MSD distribution versus UL allocations for n8 at 20MHz/35MHz UL/DL channel BW

Based on the above MSD simulation results, we have the following observations:

Observation 1: The maximum MSD increases with channel BW

Observation 2: The MSD in general creeps up with increasing UL RB number (LCRB) and locally peaks at full UL allocation.

Observation 3: For smaller UL LCRB, edge allocations closer to DL band have more MSD impact. In some cases, the MSD can be higher than with full UL allocation.

Observation 4: For n3 at 30MHz channel BW, the MSD can be up to 12 dB.

Observation 5: For n3 at 40MHz channel BW, the MSD can be up to 20 dB.

Observation 6: For n3 at 50MHz channel BW, the MSD can be up to 25 dB.

Observation 7: For n8 at 35MHz DL channel BW, even with UL channel BW restricted to 20 MHz, the MSD can still be up to 25 dB.

2.2	Preliminary system performance analysis

Preliminary system level simulations have been performed based on a simple equation-based model for self-interference noise generation to compare the throughput performance between full-duplex and half-duplex operations. Table 2.2-1 summarizes the parameters for the simulation setup.

	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around (TR38.803 [5])
	1. 10 users per sector
2. 570 users per trial
3. 100 trials


	Inter-site distance (ISD)
	500 m and 1500 m
	

	Path loss model
	UMa-NLOS
	TR38.803 [5]

	Channel bandwidth
	UL: 100 MHz
DL: 100 MHz
	Symmetric 

	PCMAX
	26 dBm
	PC2

	Front-end loss
	4 dB
	

	Duplexer isolation
	45 dB
	Tx to Rx (worst case)

	Tx OIP3
	42 dBm
	

	P_noise_in_Rx
	3*(PTX – 3) – 2*OIP3
	Tx IM3 noise in Rx band

	UL duty cycle
	50%
	When Pout > 23 dBm

	Half duplex duty cycle
	UL: 50%
DL: 50%
	



Table 2.2-1 Parameters for preliminary system level simulations

For throughput performance comparison, we have considered the following three operation scenarios:

· Full duplex without self-interference generation (Scenario 1)
· Full duplex with self-interference generation (Scenario 2)
· Half duplex with self-interference generation (Scenario 3)

For ISD = 500 m, the simulated UL/DL signal and noise power by user, UL/DL SINR distributions, and UL/DL throughput distributions for Scenario 1, Scenario 2, and Scenario 3 are shown in Figure 2.2-1(a), Figure 2.2-1(b), and Figure 2.2-1(c), respectively. Figure 2.2-2 shows the UE output power (in dBm) distribution which is a result of UL TPC (Transmit Power Control) based on the simulated coupling loss. The relative throughput loss (in %) of Scenario 2 versus Scenario 1 and Scenario 3 versus Scenario 1 at 5%, 50%, and 95% of the throughput distribution are plotted in Figure 2.2-3 which are further summarized in Table 2.2-2 in conjunction with absolute throughputs (in Mbps).   
[image: Chart

Description automatically generated](a) Scenario1
(b) Scenario 2
(c) Scenario 3



Figure 2.2-1 Simulated UL/DL SINR and throughput distributions for ISD = 500 m
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Figure 2.2-2 Simulated UE output power (in dBm) distribution for ISD = 500 m
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Figure 2.2-3 Relative throughput loss of Scenario 2/3 versus Scenario 1 for ISD = 500 m
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Table 2.2-2 Absolute throughputs and relative throughput loss for ISD = 500 m

Based on the simulation results, we have the following observations:

Observation 8: For Scenario 1, DL SINR and throughput are relatively high owing to close spacing of sites.

Observation 9: For Scenario 3, UL throughout is slightly lower than that of Scenario 1 and Scenario 2 as all users in Scenarios 3 are operating at 50% UL duty cycle while for Scenario 1 and Scenario 2, some users are operating at 100% UL duty cycle and some are operating at 50% UL duty cycle. 

Observation 10: Scenario 2 suffers from substantial DL throughput degradation due to the impact of self-interference from UL transmission at above 23 dBm.

Observation 11: Scenario 3 (half duplex) has reduced DL throughput as compared to Scenario 1 due to 50% DL duty cycle, but it ensures well-performed bi-directional link as compared to Scenario 2.

For ISD = 1500 m, the simulated UL/DL signal and noise power by user, UL/DL SINR distributions, and UL/DL throughput distributions for Scenario 1, Scenario 2, and Scenario 3 are shown in Figure 2.2-4(a), Figure 2.2-4(b), and Figure 2.2-4(c), respectively.  Figure 2.2-5 shows the UE output power (in dBm) distribution which is a result of UL TPC (Transmit Power Control) based on the simulated coupling loss. The relative throughput loss (in %) of Scenario 2 versus Scenario 1 and Scenario 3 versus Scenario 1 at 5%, 50%, and 95% of the throughput distribution are plotted in Figure 2.2-6 which are further summarized in Table 2.2-3 in conjunction with absolute throughputs (in Mbps).
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Figure 2.2-4 Simulated UL/DL SINR and throughput distributions for ISD = 1500 m
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Figure 2.2-5 Simulated UE output power (in dBm) distribution for ISD = 1500 m
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Figure 2.2-6 Relative throughput loss of Scenario 2/3 versus Scenario 1 for ISD = 500 m
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Table 2.2-2 Absolute throughputs and relative throughput loss for ISD = 500 m

Based on the simulation results, we have the following observations:

Observation 12: Nearly all UEs transmit at PCMAX of 26 dBm due to the high coupling loss as an outcome of high ISD at 1500 m.

Observation 13: UL throughput distributions are nearly identical among all three scenarios as they have similar SINR distributions, and nearly all of them are operating at 50% duty cycle (either full duplex with SAR mitigation or half duplex)

Observation 14: Scenario 2 suffers from very significant throughput degradation due to the impact of self-interference from UL transmission at 26 dBm.

Observation 15: Scenario 3 (half duplex) has reduced DL throughput as compared to Scenario 1 due to 50% DL duty cycle, but it ensures well-performed bi-directional link as compared to Scenario 2.   

Though this preliminary system performance analysis is primitive and may only represent some particular operation scenarios, in our view, it should suffice to provide the expected outcome that for some FDD bands under HPUE operation at above certain channel BW, the relatively high MSD could severely impact the DL performance. Half-duplex operation on the other hand completely avoids the self-interference from UL transmission where increasing UL power and resource allocation would not counteract each other as opposed to full-duplex operation for certain FDD bands. Half-duplex operation also provides the benefit that full UL allocation can be transmitted in a short time burst to save more UL power consumption as compared to full-duplex operation under high UL transmission power where UL RB number restriction would cause longer UL transmission time.           
   
3	Conclusion

In this contribution, we provide the MSD analysis for n3 and n8 at PC2 under various UL allocations as a first step towards the system level simulations with self-interference incorporated. We also share our preliminary system simulation results with the comparison of the UL/DL throughput performance between full-duplex and half-duplex operations.
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