3GPP TSG-RAN WG4 Meeting #93	R4-1914080
Reno, US, 18th– 22nd November 2019
	
Agenda item:	9.12.2	BS RF core requirements (38.104)	[NR_DL256QAM_FR2]
Source: 		NTT DOCOMO, INC.
Title: 	NR FR2 BS Tx EVM for DL 256QAM
Document for:	Approval
1. Introduction
In RAN4#92bis, we provided link level simulation results on static channel and TDL-D channel with antenna configuration 2x2 and Rank 2, and system level simulation [1]. 
In this contribution, we discuss on BS Tx EVM requirement based on simulation results provided so far. 
2.	Discussion
In RAN4 #92bis, the following conclusion of link level simulation was made and captured in TR 38.883 [2].
Based on the simulation results and observations provided above, the following table summarizes the minimum required SNR in which 256QAM shows benefit by comparing to 64QAM below in table 5.2.1.10-1. Also, Table 5.2.1.10-2 provides information about performance benefit of 256QAM over 64QAM proposed by companies.
Table 5.2.1.10-1: SNR required to achieve gains for 256QAM
	Contributor
	AWGN SNR (dB)
	TDL-D SNR (dB)
	TDL-A SNR (dB)

	China Telecom
	> 20dB
	> 24dB
	> 25dB

	Nokia
	
	> 23dB
	

	DoCoMo
	> 21dB
	> 25dB
	

	Huawei
	> 23dB
	> 24dB
	

	Ericsson
	
	> 24dB
	 No benefit

	CATT
	> 21dB
	> 27dB
	> 31dB

	Intel
	> 25dB
	> 30dB
	> 35dB

	Qualcomm
	> 21dB
	> 23dB
	

	Average
	> 22dB
	> 25dB
	



Table 5.2.1.10-2: Performance benefit of 256QAM over 64QAM based on company-specific SNR, EVM, phase noise and channel rank
	Contributor
	AWGN channel
	TDL-D channel
	TDL-A channel

	China Telecom
	12%
	12%
	10%

	Nokia
	
	14%
	

	DoCoMo
	
	
	

	Huawei
	
	
	

	Ericsson
	
	10%
	No benefit

	CATT
	
	
	

	Intel
	12%
	2%
	No benefit

	Qualcomm
	
	
	



It can be concluded that from link level simulation point, FR2 DL 256QAM is feasible at line of sight channel condition including at static channel with SNR> 22dB and at TDL-D channel with SNR> 25dB. The proposed performance benefits of 256QAM over 64QAM can be observed in Table 5.2.1.10-2.
From link level simulation provided by companies, it was concluded that FR2 DL 256QAM is feasible at LOS channel condition.
In our simulation results, the following observations can be seen [1].
Observation 1: From the link level simulation results on static and TDL-D channel with 2x2 and rank 2, FR2 DL 256QAM modulation has non-negligible performance gain compared with 64QAM modulation.
Observation 2: From the system level simulation results, DL SINR distribution is high enough to obtain a performance gain from 256QAM in FR2 UMi scenario.
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        Static channel with Tx EVM 3% and Rx EVM 3%	      TDL-D channel with Tx EVM 3% and Rx EVM 3%
Figure 1: Link level simulation results on static channel [1]
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Figure 2: System level simulation results [1]
According to simulation results, companies assume around 3% Tx EVM for 256QAM as a typical value and confirmed performance gain compare to 64 QAM with 3-8% Tx EVM. 
Table 1 summarizes Tx EVM assumption used in link level simulation. Most companies assumed 256 QAM with around 3% Tx EVM and confirmed performance improvements compared to 64 QAM with 3-8% Tx EVM.
Observation 3: Most companies assumed 3% Tx EVM for 256QAM and confirmed performance improvement.
Table 1: Assumed Tx EVM for TDL-D channel
	Contributor
	[bookmark: _GoBack]Figure and table in TR38.883 v0.2.0
	Rank
	Tx EVM for 64QAM
	Tx EVM for 256QAM
	Performance gain

	China Telecom
	Figure 5.2.1.2-2
	1
	8%
	3%, 4%
	Yes

	Nokia
	Figure 5.2.1.3-6
	2
	3%
	3%
	Yes

	DoCoMo
	Figure 5.2.1.4-2
	2
	1/2/3%
	1/2/3%
	Yes

	Huawei
	Figure 5.2.1.5-1/2
	1/2
	1/2/3%
	1/2/3%
	Yes

	Ericsson
	Figure 5.2.1.6-3
	1
	8%
	3%
	Yes

	CATT
	Figure 5.2.1.7-1
	2
	1.5/2.5/3.5/4.5%
	1.5/2.5/3.5/4.5%
	Yes
(Tx EVM=1.5 or 2.5%)

	Intel
	Table 5.2.1.8-1
	1/2
	1/2/3%
	1/2/3%
	Yes

	Qualcomm
	Table 5.2.1.9-4
	2
	3%
	3%
	Yes



Regarding Tx EVM requirement for FR2 256QAM, considering margin from actual value, the same required value as FR1 is sufficient for FR2. Therefore, we propose to define 3.5% as the core requirement for BS Tx EVM for 256QAM modulation.
Proposal 1: Define 3.5% as a core requirement for BS Tx EVM with 256QAM modulation in FR2.
3.	Conclusion
In this contribution, we provide simulation results for the feasibility study of FR2 DL 256QAM. The following observation and proposals are obtained.
Observation 1: From the system level simulation results, DL SINR distribution is high enough to obtain a performance gain from 256QAM in FR2 UMi scenario.
Observation 2: From the link level simulation results on static and TDL-D channel with 2x2 and rank 2, FR2 DL 256QAM modulation has non-negligible performance gain compared with 64QAM modulation.
Observation 3: Most companies have assumed 3% Tx EVM for 256QAM and have confirmed performance improvement.
Proposal 1: Define 3.5% as a core requirement for BS Tx EVM with 256QAM modulation in FR2.
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