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1. Introduction
In RAN4 #104-bis-e meeting, the EVM requirements were discussed for 256QAM and related agreements for 29GHz and 39GHz EVM requirements were approved in WF[1]:

[image: image1.png]® Issue 2-1-1: EVM requirement for 20GHz

Agreement: -
m 3.5% EVM for 20GHz, FFS for operating SNR.
W The target power class is PC1, PC2, and PCS.
.

W Issue 2-1-2: EVM requirement for 30GHz

Agreement: o
® 3.5% EVM for 39GHz and using average value FFS for operating SNR with limited MCS.«
B The limited MCS is the subset of MCS with 256QAM
® FFS on the list of MCS «
B Decide the operating SNR based on list of MCS
W The target power class is PC1, PC2, and PC5.«




For 48GHz, the EVM need further study whether UL 256QAM is feasible in last meeting.
In this contribution, we updated the link level simulation results for 48GHz and discussed other related requirements.
2.  Discussion
2.1 Link simulation result for 48GHz
We further compare the UL 256QAM and UL 64QAM performance under different channel conditions and carrier frequencies to determine whether UL 256QAM can provide gains over UL 64QAM for 48GHz. For all simulations, we assumed 50MHz channel bandwidth with 120kHz SCS and phase noise model of example2 (UE) + example2(BS) based on the agreed simulation assumptions [2].
a) CP-OFDM
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Figure 2.1-1 Throughput performance for 48GHz under AWGN, CP-OFDM
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Figure 2.1-2 Throughput performance for 48GHz under TDL-D, CP-OFDM
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Figure 2.1-3 Throughput performance for 48GHz under TDL-D, CP-OFDM

b) DFT-s-OFDM
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Figure 2.1-4 Throughput performance for 48GHz under AWGN, DFT-s-OFDM
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Figure 2.1-5 Throughput performance for 48GHz under TDL-D, DFT-s-OFDM
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Figure 2.1-6 Throughput performance for 48GHz under TDL-A, DFT-s-OFDM
From the simulation results for 48GHz, table 2.1-1 updated the SNR required to achieve gains for 256QAM compare to 64QAM:
Table 2.1-1 UL 256QAM required SNR to achieve gains compare to 64QAM
	Parameters for UL 256QAM
	48GHz SNR required to achieve gains for 256QAM [dB]

	Channel 
	MCS 
	3%+3%
	3.5%+3.5%
	4%+4%

	AWGN

1x2 RANK1
	MCS21
	CP-OFDM
	24
	25
	28

	
	
	DFT-OFDM
	22.5
	23.6
	25

	
	MCS23
	CP-OFDM
	NA
	NA
	NA

	
	
	DFT-OFDM
	NA
	NA
	NA

	TDL-D

2x2 RANK2
	MCS21
	CP-OFDM
	NA
	NA
	NA

	
	
	DFT-OFDM
	NA
	NA
	NA

	
	MCS23
	CP-OFDM
	NA
	NA
	NA

	
	
	DFT-OFDM
	NA
	NA
	NA

	TDL-A

2x2 RANK2
	MCS21
	CP-OFDM
	NA
	NA
	NA

	
	
	DFT-OFDM
	NA
	NA
	NA

	
	MCS23
	CP-OFDM
	NA
	NA
	NA

	
	
	DFT-OFDM
	NA
	NA
	NA


Table 2.1-2 summarize the simulation results for 48GHz CP- OFDM from companies in last meeting and update our simulation results as table 2.1-1.
Table 2.1-2 summarize the simulation results for 48GHz CP- OFDM from companies in last meeting
	Parameter 
	LG Electronics
R4-2215920
	vivo

R4-2216128
	Huawei

R4-2216245
	Xiaomi

R4-2216350
	ZTE

R4-2216426

	Carrier frequency
	48 GHz
	48 GHz
	48 GHz
	48 GHz
	48 GHz

	CBW
	100MHz
	50MHz/100MHz
	50MHz
	50MHz
	100MHz

	SCS
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz

	Phase noise model
	Option b): example2 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)
	Option d): example1 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)

	Tx EVM=Rx EVM
	2%
	3%
	3.5%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%

	Target SNR(dB)
	TDL-A
	MCS21
	NA
	NA
	NA
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	NA
	NA
	NA

	
	
	MCS23
	NA
	NA
	NA
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	NA
	NA
	NA

	
	TDL-D
	MCS21
	30
	NA
	NA
	NA
	NA
	NA
	22.4
	22.6
	23.2
	NA
	NA
	NA
	NA
	NA
	NA

	
	
	MCS23
	NA
	NA
	NA
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	NA
	NA
	NA

	
	AWGN
	MCS21
	22.5
	24
	27.5
	NA
	NA
	NA
	
	
	
	24
	25
	28
	NA
	NA
	NA

	
	
	MCS23
	NA
	NA
	NA
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	NA
	NA
	NA


Observation 1:

From the simulation results figure 2.1-1 to figure 2.1-6, only under AWGN channel with MCS21 for UL 256QAM can get performance gain compared to 64QAM.

From simulation results in last meeting, most companies can’t get the performance gain for 48GHz UL 256QAM compared to UL 64QAM under TDL-D and TDL-A channel, only one company can get the performance gain compared to UL 64QAM under TDL-D with MCS 21, only two companies can get the performance gain compared to UL 64QAM under AWGN with MCS 21. 

Observation 2:
UL 256QAM for 48GHz is unfeasible
Proposal 1: UL 256QAM isn’t considered for 48GHz in Rel-18.
2.2 Operating SNR for 29GHz and 39GHz
In last meeting, the operating SNR was discussed to facilitate the discussion on minimum EIRP and system level simulation, but there is no conclusion. Most companies agreed to use the average value based on the submitted simulation results, and some companies would like to define the SNR with limited MCS.
Table 2.2-1 summarize the simulation results for 29GHz from companies in last meeting.
Table 2.2-1 Summarize the simulation results for 29GHz CP- OFDM from companies in last meeting
	Parameter 
	Nokia

R4-2215577
	LG Electronics
R4-2215920
	vivo

R4-2216128
	Huawei

R4-2216245
	Sony

R4-2216251
	Xiaomi

R4-2216350
	ZTE

R4-2216426

	Carrier frequency
	29 GHz
	29 GHz
	29 GHz
	29 GHz
	29 GHz
	29 GHz
	29 GHz

	CBW
	50MHz
	100MHz
	50MHz/100MHz
	50MHz
	100MHz
	50MHz
	100MHz

	SCS
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz

	Phase noise model
	Option a): 

example1 (UE)  + example1(BS)
	Option b): example2 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)
	Option d): example1 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)

	Tx EVM=Rx EVM
	3%
	3.5%
	4%
	2%
	3%
	3.5%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%

	Target SNR(dB)
	TDL-A
	MCS21
	
	
	
	24.5
	27
	30
	22.5/23.8
	22.7/24
	23.2/24.7
	
	
	
	
	
	
	21.8
	22.7
	23.8
	25.90
	26.45
	27.23

	
	
	MCS23
	
	
	
	29
	NA
	NA
	25.7/27.8
	26.3/28.4
	27/29.2
	
	
	
	
	
	
	26.5
	28
	NA
	31.49
	34.31
	-

	
	TDL-D
	MCS21
	24-25
	18.5
	20
	21
	20.3/21.5
	20.8/21.8
	21.2/22
	19.9
	20.1
	20.3
	
	
	
	21.8 
	22.5
	23.1
	23.42
	23.73
	24.16

	
	
	MCS23
	28
	32
	NA
	23
	24.5
	27
	25/27
	25.7/28
	26.5/30
	
	
	
	
	
	
	25.8
	27.3
	NA
	28.44
	30.10
	34.28

	
	AWGN
	MCS21
	
	
	
	16
	16.5
	17
	19.2/19.7
	19.5/19.7
	19.8/19.9
	
	
	
	22
	23
	24
	19.3
	19.5
	19.6
	21.31
	21.71
	22.19

	
	
	MCS23
	
	
	
	19
	20
	21
	21.8/23.1
	22.2/23.8
	23/24.5
	
	
	
	
	
	
	23
	23.5
	25.5
	25.92
	27.66
	31.06


Based on table 2.2-1, the average SNR based on TDL-D, MCS21 and MCS23, EVM 3.5% can get as below table 2.2-2:
Table 2.2-2 Average SNR with EVM 3.5%

	
	Operating SNR (dB) with EVM 3.5%

	
	TDL-D, MCS21
	TDL-D, MCS23

	Nokia
	25
	32

	LGE
	21
	27

	vivo
	21.8
	28

	Huawei
	20.1
	-

	Sony
	-
	-

	Xiaomi
	22.5
	27.3

	ZTE
	23.7
	30.1

	Average
	22.35
	28.88


Table 2.2-3 summarize the simulation results for 39GHz from companies in last meeting.
Table 2.2-1 Summarize the simulation results for 39GHz CP- OFDM from companies in last meeting
	Parameter 
	Nokia
	vivo
	Huawei
	Xiaomi
	ZTE

	Carrier frequency
	39 GHz
	39 GHz
	39 GHz
	39 GHz
	39 GHz

	CBW
	50MHz
	50MHz/100MHz
	50MHz
	50MHz
	100MHz

	SCS
	120kHz
	120kHz
	120kHz
	120kHz
	120kHz

	Phase noise model
	Option a): 

example1 (UE)  + example1(BS)
	Option b): example2 (UE) + example2(BS)
	Option d): example1 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)
	Option b): example2 (UE) + example2(BS)

	Tx EVM=Rx EVM
	0%
	3%-4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%
	3%
	3.5%
	4%

	Target SNR(dB)
	TDL-A
	MCS21
	
	
	28/NA
	29.2/NA
	34/NA
	
	
	
	25.2
	26.7
	NA
	30.48
	32.35
	36.62

	
	
	MCS23
	
	
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	NA
	NA
	NA

	
	TDL-D
	MCS21
	36
	NA
	24/NA
	25/NA
	25.8/NA
	20.8
	21
	21.2
	24.1
	25.2
	28
	26.36
	27.50
	29.23

	
	
	MCS23
	
	
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	NA
	NA
	NA

	
	AWGN
	MCS21
	
	
	21.5/26
	21.8/28
	22/30
	
	
	
	20
	21.5
	22
	21.28
	21.64
	21.95

	
	
	MCS23
	
	
	NA
	NA
	NA
	
	
	
	NA
	NA
	NA
	25.86
	27.64
	30.62


Based on table 2.2-3, the average SNR based on TDL-D, MCS21 and MCS23, EVM 3.5% can get as below table 2.2-2:

Table 2.2-4 Average SNR with EVM 3.5%

	
	Operating SNR (dB) with EVM 3.5%

	
	TDL-D, MCS21
	TDL-D, MCS23

	Nokia
	36
	-

	LGE
	-
	-

	vivo
	25
	NA

	Huawei
	21
	-

	Sony
	-
	-

	Xiaomi
	25.2
	NA

	ZTE
	27.5
	NA

	Average
	26.94
	-


Proposal 2: For 29GHz, 

· The operating SNR using the average value 23dB with limited MCS 21.

· The operating SNR using the average value 29dB with limited MCS 23.

Proposal 3: For 39GHz, 

· The operating SNR using the average value 27dB with limited MCS 21.
2.3 Minimum EIRP
In our understanding, in Rel-15 the minimum output power in terms of EIRP was derived based on the MCL analysis, in which the required output power is derived based on the assumption of required SINR at gNB, antenna configuration for both gNB and UE sides, and the distance between UE and gNB. Considering efficiently, linearity for mmWave PA implementation, the minimum output power level is relaxed by 3 dB and 7 dB for EVM test for 16QAM and 64QAM based on 400MHz channel bandwidth.
Therefore, the minimum output power level for EVM test for 256 QAM also need consider some relaxation based on 400MHz channel bandwidth.
Here we performed an MCL analysis considering UL 256QAM modulation with 400MHz channel Bandwidth (BW) and 2m UE-BS minimum distance for Indoor Hotspot (InH).
Table 2.3-1: MCL analysis for FR2-1 UE based on PC2 UE type
	Operating frequency
	29GHz
	39GHz

	Minimum transmit bandwidth for mmWave UE
	400 MHz
	400 MHz

	NF of gNB receiver
	18 dB
	18dB

	Minimum distance between UE and gNB
	2m
	2m

	gNB antenna gain
	26dB (i.e. 5dBi + 10log128)
	26dB (i.e. 5dBi + 10log128)

	UE antenna gain
	17dB (i.e., 5dBi+10log16)
	17dB (i.e., 5dBi+10log16)

	SINR for 256QAM signal receiving
	[29]
	[27]

	Noise floor of gNB receiver
-174dBm/Hz + 10logBW + NF
	-69dBm
	-69 dBm

	Path loss
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	67.6dB
	70.2dB

	UE minimum transmit power in EIRP:

Noise floor of gNB receiver+SINR- gNB antenna gain+ Path loss
	0.4 dBm
	2.2 dBm

	UE required conductive power (dual polarization)
	-19.4 dBm
	 -17.6 dBm

	Maximum total conducted power
	PC2: 23dBm
	PC2: 23dBm

	Dynamic range
	PC2: 42.4 dBm
	PC2/PC5: 40.6 dBm


Observation 3: 

PC2 UE needs 0.4dBm and 2.2 dBm minimum EIRP for EVM test for 256QAM with 400MHz channel bandwidth for 29GHz and 39GHz separately.
Proposal 4: The minimum EIRP for UL 256 QAM for EVM test should be defined based on 400MHz channel bandwidth as for UL 16QAM and 64QAM.
Proposal 5: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 15.5 dB based on the minimum output power for different PCs:

	Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 19.5
	( 2.5
	( 9.5


2.4 MPR
To evaluate the MRP for UL 256QAM modulation, the simulation condition should be first discussed. 
Proposal 6: Antenna configuration and PA calibration point for MPR evaluation:
· The MPR evaluation was performed by using 32 PAs, 16 for each polarizations within an antenna array for PC1/2/5 keeping align with the antenna configuration agreed in system level simulation.

· PA calibration point should follow current definition in Spec 38.101-2:

· The waveform defined by BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.

· Calculate MPR as total backoff needed for 256QAM from this calibration point.
Proposal 7: Emission requirements for MPR evaluation should follow the current Spec 38.101-2, otherwise specified:

· General NR spectrum emission mask for FR2-1 (Table 6.5.2.1-1 in TS 38.101-2)

· NR ACLR1 for FR2-1 (Table 6.5.2.3-1 in TS 38.101-2)

· General in-band emissions limit for FR2-1 (Tables 6.4.2.3.2-1 for PC1, 6.4.2.3.3-1 for PC2, 6.4.2.3.6-1 for PC5 in TS 38.101-2)

· General NR spurious emission limits for FR2-1 (Table 6.5.3-2 in TS 38.101-2)

· Maximum error vector magnitude (EVM) 3.5% for 29GHz and 39GHz as agreed in RAN4 #104-bis-e meeting.
Proposal 8: EVM requirement for each contributor can use the FR1 assumption as the starting point.
	Tx EVM contributor
	EVM
	SNR(dB)

	PA
	1.85%
	34.7

	Transmitter
	1.19%
	38.5

	Phase noise
	1.78%
	35 

	IQ imbalance
	2.06%
	33.7 

	Total
	3.5%
	29.1


3. Conclusion

This contribution further discussed the related requirements for UL 256QAM in FR2-1. And we got 

Observation 1:

From the simulation results figure 2.1-1 to figure 2.1-6, only under AWGN channel with MCS21 for UL 256QAM can get performance gain compared to 64QAM.

From simulation results in last meeting, most companies can’t get the performance gain for 48GHz UL 256QAM compared to UL 64QAM under TDL-D and TDL-A channel, only one company can get the performance gain compared to UL 64QAM under TDL-D with MCS 21, only two companies can get the performance gain compared to UL 64QAM under AWGN with MCS 21. 

Observation 2:
UL 256QAM for 48GHz is unfeasible.

Observation 3: 

PC2 UE needs 0.4dBm and 2.2 dBm minimum EIRP for EVM test for 256QAM with 400MHz channel bandwidth for 29GHz and 39GHz separately.
And proposed:
Proposal 1: UL 256QAM isn’t considered for 48GHz in Rel-18.
Proposal 2: For 29GHz, 

· The operating SNR using the average value 23dB with limited MCS 21.

· The operating SNR using the average value 29dB with limited MCS 23.

Proposal 3: For 39GHz, 

The operating SNR using the average value 27dB with limited MCS 21.
Proposal 4: The minimum EIRP for UL 256 QAM for EVM test should be defined based on 400MHz channel bandwidth as for UL 16QAM and 64QAM.

Proposal 5: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 15.5 dB based on the minimum output power for different PCs:

	Parameter
	Unit
	Level for PC1
	Level for PC2
	Level for PC5

	UE EIRP
	dBm
	( 4
	( -13
	( -6

	UE EIRP for UL 256 QAM
	dBm
	( 19.5
	( 2.5
	( 9.5


Proposal 6: Antenna configuration and PA calibration point for MPR evaluation:
· The MPR evaluation was performed by using 32 PAs, 16 for each polarizations within an antenna array for PC1/2/5 keeping align with the antenna configuration agreed in system level simulation.

· PA calibration point should follow current definition in Spec 38.101-2:

· The waveform defined by BW = 100 MHz, SCS = 120 kHz, DFT-S-OFDM QPSK, 20RB23 is the reference waveform with 0 dB MPR and is used for the power class definition.

· Calculate MPR as total backoff needed for 256QAM from this calibration point.
Proposal 7: Emission requirements for MPR evaluation should follow the current Spec 38.101-2, otherwise specified:

· General NR spectrum emission mask for FR2-1 (Table 6.5.2.1-1 in TS 38.101-2)

· NR ACLR1 for FR2-1 (Table 6.5.2.3-1 in TS 38.101-2)

· General in-band emissions limit for FR2-1 (Tables 6.4.2.3.2-1 for PC1, 6.4.2.3.3-1 for PC2, 6.4.2.3.6-1 for PC5 in TS 38.101-2)

· General NR spurious emission limits for FR2-1 (Table 6.5.3-2 in TS 38.101-2)

· Maximum error vector magnitude (EVM) 3.5% for 29GHz and 39GHz as agreed in RAN4 #104-bis-e meeting.
Proposal 8: EVM requirement for each contributor can use the FR1 assumption as the starting point.
	Tx EVM contributor
	EVM
	SNR(dB)

	PA
	1.85%
	34.7

	Transmitter
	1.19%
	38.5

	Phase noise
	1.78%
	35 

	IQ imbalance
	2.06%
	33.7 

	Total
	3.5%
	29.1


Reference

[1] R4-2217729, WF on UL 256QAM, Xiaomi, RAN4 #104-bis-e.
[2] R4-2214453, WF on UL 256QAM, Xiaomi, RAN4 #104-e
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