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1. Introduction
In RAN90-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. The preliminary simulation results were presented in motivation paper [2]. But companies don’t have common understanding on the system gains shown in [2] when UL duty cycle is restricted by a certain value, e.g. 50% [3]. Therefore, one of objectives in this SI is to evaluate system performance gains with PC2 UE in NR FDD band. RAN4 need to investigate the simulation procedure and simulation assumptions from RAN4#98-e meeting. This paper provides our considerations on how to evaluate the system performance with FDD HPUE.
2. Discussion
2.1  System level simulation
In [2], the preliminary simulation results and simulation assumptions for FDD HPUE on n1 are provided in which channel model from TR38.901, traffic model, PF scheduler, UL duty cycle and other factors are considered. It seems the system evaluations in [2] are based on dynamic simulation level platform which is typically used in RAN1 discussion. 
In RAN4 RF study, usually Monte Carlo based static simulation method is used for co-existence study. When LTE Band 41 HPUE was discussed in Rel-14, the system performance gain was evaluated by Monte Carlo simulation considering several power control sets[4]. 
Therefore, from our point of view, there are two options on how to evaluate the system performance for FDD HPUE:
· Option 1: Dynamic system level simulation which is used in RAN1 discussion
· Option 2: Monto Carlo based static system level simulation which is used in RAN4 discussion
If option 1 is selected, we believe it will take a long time to calibrate simulation platform from companies due to the lack of experience on dynamic simulation method in RAN4. Alternatively, RAN1 will take charge of the work but we see that there is no TU allocation for RAN1 in the current SID [1].  
Observation 1: If option 1 is selected, the better way is to ask for RAN1 to take charge of performance evaluations and the SI should be updated to include RAN1 impact in March RAN plenary meeting.
If option 2 is selected, many simulation assumptions used in B41 HPUE study can be reused. Therefore, it is easier for companies who participated in the co-ex simulation to calibrate the platform and evaluate the system performance gain. But we need to further consider key factors that affect the FDD HPUE performance. We believe the key factor to evaluate the performance gains between PC3 and PC2 on FDD band is how to emulate the difference for UL duty cycle. For example, to solve the SAR issue, PC2 UEs might only transmit power with 50% duty cycle.
Observation 2: The key factor to evaluate the performance gains between PC3 and PC2 on FDD band is how to emulate the difference for UL duty cycle.
One possible way to emulate the difference for UL duty cycle is to consider that there are N sub-snapshots within one snapshot. 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. For example, we can set N=2 for the case of 50% duty cycle for PC2 FDD HPUE. We summarize the following table as an example when comparing the system performance between FDD PC3 UE and FDD PC2 UE with 50% duty cycle. Similarly, we can set N=4 for the case of 25% duty cycle.
Table 1: An example to compare FDD PC2 UE with 50% duty cycle and FDD PC3 UE (100% duty cycle)
	
	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 that transmit power >23dBm
	Max. Tx power is 26dBm
	Max. Tx power is 0mw
	50%

	Note 1: For PC2 UEs that transmit 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.



Proposal 1: Option 2 is selected as the baseline approach for the system gains evaluation and further investigate how to emulate the difference for UL duty cycle. Other aspects can be considered if identified.
Proposal 2: N (N depends on UL duty cycle) sub-snapshots within one snapshot could be considered to emulate the difference for UL duty cycle in FDD HPUE simulation. 
2.2   Simulation assumptions
2.2.1    Propagation model
Since band n1 and n3 are the interested bands for this SI, the propagation modes for Urban Marco and Rural Marco considering 2GHz carrier frequency in TR36.942 can be referred.
2.2.2    Power control modelling
In TR36.942 and TR36.886, the transmit power of UE is based on the coupling loss between the UE and the eNB. The maximum power is limited by Pmax which is the maximum power of the UE. The UE output power formula in TR 36.942 and TR36.886 are shown in equation (1).

	                                           (1) 
Where Pmax is the maximum transmit power, Rmin is the minimum power reduction ratio to prevent UEs with good channels to transmit at very low power level, CL is the path coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel.
As described in TR36.886, the transmit power follows a linear line from minimum to maximum transmit power based on the coupling losses modelled in the simulation. The slope and position of the line for a particular cell layout depends on the chosen values of  and CLx-ile, respectively. 
[image: ]
Figure 1: UE output power with power control modelling in TR 36.886
In TR38.886, the following two scenarios are considered: 
· Scenario 1: UL cell throughput is below maximum capacity in which the base station is not fully loaded, and UE grants are not limited  by RBs. In this case, the base station scheduler is likely to leave some UL RBs unallocated.
· Scenario 2: UL is at maximum cell capability in which all RBs are allocated and UEs are scheduled per link budget and scheduling priorities.
For both scenarios, the power control is modelled by setting Pmax for class 2 UE to 26 dBm and setting CLx-ile for class 2 UE to 3 dB more than the class 3 value. As shown in Figure 2, the ratio that UE transmits power is more than 23dBm depends on the CLx-ile value.
[image: ]
Figure 2: HPUE Power Curve Extensions from TR36.886

Therefore, to evaluate the performance gains with FDD HPUE, we need to consider different sets of CLx-ile for the two different scenarios. In general, the power control simulation parameters form TR36.886 shall be the basis and can be further updated if needed.
Proposal 3: The power control simulation parameters form TR36.886 i.e., power control Set 1, 2, 4A and 4B shall be the basis and can be further updated if needed.
2.2.3    Cell layout
Single operator cell layout for co-existence simulation can be used for the  system performance evaluation. That is base stations with 3 sectors per site are placed on a hexagonal grid with distance of 3*R, where R is the cell radius, with wrap around. The number of sites shall be equal to or higher than 19.
[image: ]
Figure 3: Cell layout 
The inter-site distances considered in the present document are provided in Table 2 below.
Table 2: Inter-site distances and Propagation model
	Environment 
	ISD (KM)
	ISD (miles) 

	Urban 
	.75
	.47

	Suburban 
	2.8
	1.74

	Rural
	6
	3.73

	Rural
	8
	5



Proposal 4: The inter-site discusses and propagation model  in Table 2 should be adopted.
2.2.4    Other simulation assumptions
Other simulation assumptions are summarized in Table 2 below. 
Table 3: Simulation parameters  
(a) With 23 dBm UE
	 
	Base Station
	UE

	Carrier frequency
	2GHz

	Channel bandwidth
	40MHz, 20 MHz, 10 MHz

	UL duty cycle
	100%

	Active UE number in UL
	3

	Inter-site distance
	Use Table 2

	Cell layout
	Wrap-around 19 tri-sector cells

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	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

	Antenna height
	45 m
	1.5 m



 (b) With 26 dBm UE
	 
	Base Station
	HPUE

	Carrier frequency
	2GHz

	Channel bandwidth
	40MHz, 20 MHz, 10 MHz

	UL duty cycle
	[50%]

	Active UE number in UL
	3

	HPUE ratio
	[100%]

	Inter-site distance
	Use Table 2

	Cell layout
	Wrap-around 19 tri-sector cells

	Frequency reuse
	1x3x1

	Lognormal fading
	10 dB

	Shadowing correlation
	Between cells: 0.5, between sites: 1.0

	MCL (including antenna gain)
	70 dB (urban and suburban areas)
80 dB (rural area)

	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
	26 dBm

	Antenna height
	45 m
	1.5 m



Proposal 5: RAN4 to agree other simulation assumptions listed in Table 3 for FDD HPUE performance gain evaluations.

3. 	Conclusion
In this paper, we discuss the simulation approach and simulation assumptions for FDD HPUE performance evaluation. We have the following observations and proposals:
Proposal 1: Option 2 is selected as the baseline approach for the system gains evaluation and further investigate how to emulate the difference for UL duty cycle. Other aspects can be considered if identified.
Proposal 2: N (N depends on UL duty cycle) sub-snapshots within one snapshot could be considered to emulate the difference for UL duty cycle in FDD HPUE simulation. 
Proposal 3: The power control simulation parameters form TR36.886 i.e., power control Set 1, 2, 4A and 4B shall be the basis and can be further updated if needed.
Proposal 4: The inter-site discusses and propagation model  in Table 2 should be adopted.
[bookmark: _GoBack]Proposal 5: RAN4 to agree other simulation assumptions listed in Table 3 for FDD HPUE performance gain evaluations.
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