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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.
Scenarios for support of 1024 QAM was discussed in [3] and more system-level simulation results are provided in the contribution. Furthermore, we provide consideration on EVM requirements for 1024 QAM.
2 Discussion
2.1 system level simulation
To decide the cell size(s) and type of stationary wireless scenarios for which UE and BS RF core requirement are defined, we think the system-level evaluation is needed to identify the deployment scenarios in which supporting 1024-QAM can provide notable performance gain.
[bookmark: OLE_LINK54]The discussion is focused on the class of wide area BS, which corresponds to the macro BS whose typical application scenario is urban macro. Thus in the following part, the performance comparison between schemes with and without 1024-QAM for the scenario are provided. The detailed simulation assumptions are listed in Table A.1 of Appendix A. The evaluation results in terms of gain of cell average spectral efficiency (SE) and the MCS CDF.
[bookmark: _Ref52608367]Table 2-1 Evaluation results with and without 1024-QAM of full buffer
	Scenario
	Urban macro (100% outdoor)
	Urban macro (80% indoor, 20% outdoor)

	Scheme
	w/o 1024
	with 1024
	w/o 1024
	with 1024

	Gain of cell average SE
	-
	0.73%
	-
	1.59 %



Figure 2-1 MCS CDF for Urban Marco (100% outdoor)[image: ]
[image: ]Figure 2-2 MCS CDF for Urban Marco (80% indoor, 20% outdoor)
It can be observed from the above table that supporting 1024-QAM can at most provide 1.59% gain in terms of cell average SE under the traffic model of full buffer. The MCS index 23~26 is for 1024-QAM modulation. From figure 2-1 and 2-2 it can be observed that less than 0.5% UE can use 1024-QAM.
Then in the following Table 2-2, the evaluation results in terms of gain of cell average user perceived throughput (UPT) with FTP traffic are given.
[bookmark: _Ref52637364]Table 2-2. Evaluation results with and without 1024-QAM of FTP traffic
	Scenario
	Urban macro (100% outdoor)
	Urban macro (80% indoor, 20% outdoor)

	Scheme
	w/o 1024
	with 1024
	w/o 1024
	with 1024

	RU
	~25%
	~50%

	Gain of average UPT
	-
	-1.00%
	-
	-0.6%

	RU
	~65%
	~80%

	Gain of average UPT
	-
	-0.1%
	-
	2.7%



According to the above table, it is observed that the performance gain from 1024-QAM for average UPT is from -1.00% to 2.7%. From figure 2-3 and 2-4, correspondingly, less than 5 % and less than 0.5% UE for 100% outdoor scenario and 20% outdoor scenario can use 1024-QAM, respectively.
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Figure 2-3 MCS CDF for Marco Urban(100% outdoor) RU~25%
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Figure 2-3a MCS CDF for Marco Urban(100% outdoor) RU~65%
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Figure 2-4 MCS CDF for Marco Urban(20% outdoor) RU~50%
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Figure 2-4a MCS CDF for Marco Urban(20% outdoor) RU~80%

Observation 1: for Macro scenarios, 1024-QAM can not provide notable performance gain
Observation 2: for Macro scenarios, few UEs can use 1024-QAM MCS
The simulation results are quite in line with the observations from the field deployments, the number of UEs received SINR higher than 26 dB is quite limited.
It is also noted that the above results are based on the assumption without transmit power reduction at the BS side. Actually, the macro BS needs to additionally reduce the transmit power in some scale in order to satisfy the Tx EVM requirement of 1024-QAM. By considering such power reduction, the corresponding performance degradation and increased power consumption are expected. And coverage and power consumption are the important KPI for macro BS.
Proposal 1: it is proposed that 1024-QAM EVM requirements is not defined for Macro BS. 
2.1 EVM requirements
The TX EVM is related to the whole transmitter chain. Per WF approved in last meeting [4], the following parameters were identified as needing more consideration for EVM:
· Wider bandwidths
· 30kHz SCS (as well as 15kHz SCS)
· Spectral Utilization
· CFR (Crest Factor Reduction)
· TX linearity (in particular PA non-linearity)
· Effects in the digital domain
· I/Q compression
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. A compromise is that to set the CFR at ~2% EVM point.

In digital domain, except CFR, the wider channel bandwidth, digital filter due to higher spectral utilization and I/Q compression all will contribute EVM degradation. We estimate it as 1.5%.
TX channel in particular PA non-linearity will also contribute about 1.5% EVM. 
Base on the evaluation above, the overall achievable EVM is ~ 3%. And in [4] from link level simulation 3% TX EVM can provide performance gain over 256 QAM.
[bookmark: OLE_LINK2]Proposal 2: 3% TX EVM is proposed for DL 1024 QAM
3 Conclusion
In this contribution, we provide consideration on the support of 1024-QAM. 
[bookmark: _GoBack]Observation 1: for Macro scenarios, 1024-QAM cannot provide notable performance gain
Observation 2: for Macro scenarios, few UEs can use 1024-QAM MCS
Proposal 1: it is proposed that 1024-QAM RF requirements is not defined for Macro BS. 
Proposal 2: 3% TX EVM is proposed for DL 1024 QAM
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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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