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1 Introduction
In RAN#90e meeting, a SID [1] was approved to study high power UE (power class 2) for one NR FDD band, the objectives are as following:
1) Study the applicable scheme(s) for new power class 2 UE for one NR FDD band to comply with the SAR limits with 26dBm UE Tx power, the example band for this study is NR band n1 and n3. 
· Study candidate SAR solutions, e.g. P-MPR, duty cycle capability, etc.

· Study regulatory requirements related to 26dBm Tx power in FDD bands including SAR.
Note: Prioritize studies for the existing SAR solutions.

2) Study interference issues (e.g. self-desense, cross device coexistence…). 

· Study RF requirements for PC2 UE in FDD band, including self-desense requirements, Tx requirements such as A-MPR, and so on.

· Study adjacent channel co-existence for FDD band.

· Investigate issues related to in-device interference, if identified.

3) Study UE implementation related issues such as RF component feasibility to support 26dBm output power in band n1 and n3 at first. Other example FDD bands are not precluded, if needed.

4) Evaluate system performance gains on spectrum efficiency, and other metrics if needed could also be taken into account, to support NR FDD HPUE.
In this contribution, the initial discussion for NR FDD HPUE was introduced, simulation assumption was proposed and the basic observation of HPUE implementation was provided.
2 Discussion

The system performance of NR FDD HPUE should be evaluated in the first step of study. It was argued in [3] comparing with 20MHz LTE FDD band, the bandwidth of NR FDD band is up to 50MHz, but the current MOP of NR is same as LTE and the uplink transmission power is not enough for NR if considering the same requirements of PSD.  However, the typical maximum power transmission scenario is for cell-edge UE. UE will use less PRB with MOP to compensate pathloss and not restricted by maximum channel bandwidth. If HPUE is supported, the PSD of NR will be double for the same PRB usage. And usually, UE in cell edge need maximum power transmission, it may cause higher interference to the neighbor cell. Considering the aggregation of multi-UE’s interference, the whole system performance (e.g. cell edge throughput) should be evaluated. 
Proposal 1: The system performance of multi-cell and multi-UE scenario is proposed to be evaluated.
The fundamental difference between TDD band and FDD band is the possible uplink duty cycle. For TDD band, 100% uplink duty cycle is anyway not possible, the performance benefit of HPUE in TDD band transmission with higher power in shorter uplink duty cycle is obvious without threating SAR regulation. But for FDD band, 100% uplink duty cycle for UE is assumed. If UE transmits with higher MOP, the uplink duty cycle needs to be reduced.  Considering the neighbor cell interference, the system performance improvement may not be so obvious. The system performance of PC3 UE with 100% uplink duty cycle and PC2 UE with less uplink duty cycle is proposed to be analyzed and compared.
Proposal 2: The system performance of PC3 UE with 100% uplink duty cycle and PC2 UE with less uplink duty cycle is proposed to be analyzed.

For the simulation assumptions, the proposals in [3] can be starting point. However, still some discussion and adjustments maybe needed.

The power control parameters and traffic model are highly related with the system performance gain of MOP. As the following figure from TR36.886[2] shown, there are two basic regions for the UE power control that are modelled: one is the region where the gNB optimizes the UE power and the other is at cell edge where the UE transmits at full power. In the region where power is reduced the UE is not using maximum power because power control is reducing power to match conditions (pathloss, #RBs, MCS) and minimize interference. P0 and alpha directly impact when UE needs maximum power transmission. The higher target power P0 and the higher compensation factor alpha will result UE enter maximum power region easily. The peak throughput of individual UE may increase, but the average cell throughput may downgrade.
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Figure 1:  UE output power

 AP0 (-76dBm) and alpha (0.6) is proposed based on field configuration. In addition, if there is not much traffic for UE, UE doesn’t need maximum power transmission, and also the trade-off between higher MOP and uplink duty cannot be fully evaluated. So full buffer traffic model is also proposed in addition to FTP traffic model. As 256QAM is an optional feature, 64QAM is proposed since it is mandatory and more typical. Tentative detailed simulation assumptions for HPUE is proposed in the Annex.
Proposal 3: The typical power control parameters: P0 (-76dBm) and alpha (0.6), fully buffer traffic model and mandatory modulation 64QAM are proposed. Detailed assumptions also attached in the Annex.
SAR compliance always is a crucial issue for the HPUE. The current SAR conformance test is verified in the ‘worst’ case: when UE transmits MOP with maximum uplink duty cycle, the SAR is evaluated. FDD band is possible to have 100% uplink duty cycle. It will be a challenge for HPUE to conform SAR regulation with 100% uplink duty cycle. P-MPR and duty cycle-based solution should be the baseline SAR solution. To reduce unexpected UE output power fallback and help gNB scheduling, reporting UE capability for the duty cycle is preferred. 

Proposal 4: P-MPR and duty cycle-based solution should be the baseline SAR solution. To reduce unexpected UE output power fallback and help gNB scheduling, reporting UE capability for the duty cycle is preferred.
For the interference and implementation issue, we have done some preliminary measurement, by increasing MOP of power class 3 PA in band n3 into HPUE range, the dynamic range of working current increases about 15% ~40% on different channel, the ACLR is downgraded about 2~3dB and no significntt desense is detected. Based on the current ACLR requirement for HPUE (PC2 and PC1.5) in TDD band, comparing with PC3 UE, it is tightened 1 dB from 30 dB to 31 dB. In FDD band, it seems there is no reason to relax ALCR requirement for HPUE FDD band. ACLR may be an issue for the HPUE in FDD band implementation.
Observation: ACLR and out-of-band emission may be an issue for HPUE in FDD band. 
3
Conclusions

In this contribution, we introduced the initial discussion of HPUE in FDD band, proposed the simulation assumption and provided the basic observation of HPUE implementation. 
Proposal 1: The system performance of multi-cell and multi-UE scenario is proposed to be evaluated.
Proposal 2: The system performance of PC3 UE with 100% uplink duty cycle and PC2 UE with less uplink duty cycle is proposed to analysis.
Proposal 3: The typical power control parameters: P0 (-76dBm) and alpha (0.6), fully buffer traffic model and mandatory modulation 64QAM are proposed. Detailed assumptions also attached in the Annex.

Proposal 4: P-MPR and duty cycle-based solution should be the baseline SAR solution. To reduce unexpected UE output power fallback and help gNB scheduling, reporting UE capability for the duty cycle is preferred.
Observation: ACLR and out-of-band emission may be an issue for HPUE in FDD band. 
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5 Annex

DRAFT NR FDD HPUE system simulation assumption:
	Configuration parameters
	Values

	Scenario
	Urban macro

	ISD
	500m

	Duplexing
	FDD

	Carrier frequency
	2.1 GHz

	Modulation 
	Up to [64QAM]

	Numerology
	15 kHz

	Simulation bandwidth 
	40 MHz

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

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

	UE maximal transmit power 
	For 1Tx, 23dBm for each TXRU (baseline)

For 1Tx, 26dBm for each TXRU (HPUE)

	Scheduling 
	PF

	Receiver 
	MMSE-IRC

	Channel estimation
	Ideal

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

	TRxP per site
	3

	TRxp number
	21

	Channel model
	38.901

	Electronic tilt
	102°

	Traffic model 
	FTP3, package size: 100 kbyte 

arrival rate: 1 package/200ms

[Full buffer]

	Uplink duty cycle
	50%, 100%
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