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1 Introduction
In RAN#89 e-meeting, a new work item, i.e. introduction of DL 1024-QAM for NR FR1 was approved [1]. The objective is to specify downlink 1024-QAM for NR PDSCH operation in FR1, together with related procedures, signaling and necessary RF requirements. The RAN4 objectives are listed below.
· Specify corresponding UE and BS RF core requirements [RAN4]
· UE and BS RF core requirements are specified for stationary wireless scenarios with up to 2 layer DL MIMO
· The cell size(s) and type of stationary wireless scenarios for which UE and BS RF core requirements are defined will be studied and decided by RAN4.

In this contribution, we provide discussion on the BS RF requirements for DL 1024-QAM. RE power control dynamic range and EVM requirements are related to modulation scheme.
2 Discussion
2.1 RE power control dynamic range
For 1024 QAM, 0 dB dynamic range should be reused since the lower modulation schemes 64QAM and 256QAM already adopt the 0 dB dynamic range.
Table 2-1: RE power control dynamic range
	Modulation scheme used
	RE power control dynamic range (dB)

	on the RE
	(down)
	(up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	256QAM (PDSCH)
	0
	0

	1024QAM (PDSCH)
	0
	0

	NOTE:	The output power per carrier shall always be less or equal to the maximum output power of the base station.
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2.2 TX EVM
The TX EVM is related to the whole transmitter chain. Phase noise, IQ imbalance, digital part, CFR algorithm,  and TX non-linearity also have impact to the overall signal quality. 
Phase noise comes from the imperfection of analog components like frequency synthesizer and VCO in the PLL. To achieve better EVM, better components and better design of PLL can be adopted. In the FR1 high band frequency, the achieved EVM by LO generator is about ~1%. 
CFR module is always used in base station as an efficient way to reduce the signal PAPR, thereby improving the power efficiency of the transmitter front-end. CFR algorithm has a great impact on EVM performance. Lowering clipping threshold would bring down PAPR while increasing EVM. The simulation result of PAPR after CFR module is shown in figure 2-1, with respect to EVM impairment. It can be observed that significant power back off will be needed to achieve better EVM which will have negative impact to the overall network performance.

In summary, support of better EVM, certain additional power back-off compared to 256-QAM would be needed, at the cost of decreased coverage and increased power consumption. CFR module may be not applicable for 1024-QAM. Furthermore, phase noise, digital part and TX non-linearity will contribute the overall EVM. Hence we believe the EVM requirements should be carefully evaluated rather than directly reused from LTE.
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3 Conclusion
In this contribution, we provide discussion on BS TX requirements for the support of 1024-QAM. 
Proposal 1: 0 dB RE power control dynamic range should be reused for 1024-QAM
Proposal 2: The required TX EVM should be carefully evaluated before introduction in RAN4 specification.
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Appendix A
Table A.1. System-level evaluation assumptions

	Scenario
	Urban Macro

	Layout
	7 sites, 3 sector per site

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Simulation bandwidth
	100 MHz

	Numerology
	30KHz

	Duplex configuration
	TDD: DDDSU

	Channel model
	3D UMa

	BS total Tx power
	49dBm

	BS antenna configuration
	 (M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.7)λ

	BS antenna height
	25m

	BS antenna element gain + connector loss
	6.4 dBi

	UE Tx power
	Maximum 23dBm

	UE antenna configuration
	2Tx4Rx

	UE antenna gain
	0dBi

	UE antenna element gain pattern
	Omnidirectional

	UE receiver noise figure
	9dB

	UE distribution
	10 UEs per sector; 
80% indoor+20% outdoor; 100% outdoor

	UE receiver
	MMSE-IRC

	Channel estimation
	Real

	Traffic model
	1) Full buffer;
2) FTP model with packet size 2.5Mbytes

	MIMO scheme
	SU-MIMO with rank adaptation and MU-MIMO

	CSI scheme
	Reciprocity based; 2T SRS
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