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1. Introduction
In RAN4 #105 meeting, for UL 256QAM, the operating SNR for 29GHz/39GHz and EVM requirements for 48GHz based on link simulation, modification of system simulation assumptions, the MPR simulation assumptions, minimum EIRP, PTRS configurations and EVM calculation flow were discussed and related agreements were approved in WF[1]:
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And some open issues need further discuss in future meetings as list in the WF:
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In this contribution, we provide the system simulation results for PC2/PC5 of 29GHz and PC1/PC2/PC5 for 39GHz, and further discuss the MPR simulation assumptions and minimum EIRP.
2.  Discussion
2.1 System simulation result for 29GHz and 39GHz
In last meeting, it is verified that the UL 256QAM for PC1 UE of 29GHz is feasible based on system simulation, but whether UL 256QAM for PC2/5 UE of 29GHz and PC1/2/5 UE of 39GHz can achieve target SNR at BS side need further confirm by system simulation. Hence, we provide the system level simulation results with the agreed target SNR of 28dB and 30dB for PC1/2/5 UE of 29GHz and 39GHz.

The UE transmit power and UL SINR CDF at 29 GHz and 39 GHz in urban macro scenario are shown in figure 2-1 and figure 2-2, respectively.
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a) PC1 UE with 35dBm maximum output power (n257)
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b) PC2/5 UE with 23dBm maximum output power  (n257)
Figure 2-1 Urban macro simulation results at 29 GHz

[image: image7.png]CDF

10

0.8

0.6

0.4

02

0.0

UE TX Power CDF for PC1 under UMa @39GHz

— pCl

-10

10
UE TX Power (dBm)

20

30




[image: image8.png]CDF

10

0.8

0.6

0.4

02

0.0

UL SINR CDF for PC1 under UMa @39GHz

PC1

-20
UL SINR (dB)

20





a) PC1 UE with 35 dBm maximum output power (n260)
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b) PC2/5 UE with 23dBm maximum output power (n259)
Figure 2-2 Urban macro simulation results at 39 GHz

The UE transmit power and UL SINR CDF at 29 GHz and 39 GHz in indoor hotspot scenario are shown in figures 2-3 and 2-4, respectively.
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a) PC1 UE with 35 dBm maximum output power (n257)
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b) PC2/5 UE with 23dBm maximum output power (n257)
Figure 2-3 Indoor hotspot simulation results at 29 GHz
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a) PC1 UE with 35 dBm maximum output power (n260)
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b) PC2/5 UE with 23dBm maximum output power (n259)
Figure 2-4 Indoor hotspot simulation results at 39 GHz 

Observation: 
It can be observed from figure 2-1, figure 2-2, figure 2-3 and figure 2-4 that at both 29 GHz (n257) and 39 GHz (n259 and n260):

For urban macro scenario:

-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 86.95% of PC1 UE and 73.26% of PC2/5 UE.

-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 82.82% of PC1 UE and 62.31% of PC2/5 UE.
-
~13% of PC1 UE and ~26% of PC2/5 UE are transmitting at maximum output power at 29 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
-    ~17% of PC1 UE and ~27% of PC2/5 UE are transmitting at maximum output power at 39 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
For indoor hotspot scenario:
-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 100% of PC1 UE and 100% of PC2/5 UE.

-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 100% of PC1 UE and 99.99% of PC2/5 UE.
-
The transmitting power of all PC1/PC2/PC5 UE are less than 20 dBm at 29 GHz.
-    The transmitting power of ~ 99% PC1/PC2/PC5 UE are less than 13 dBm at 39 GHz.
Proposal 1: UL 256QAM for PC1/2/5 UE at both 29GHz and 39GHz are feasible.
2.2 Minimum EIRP
In Rel-15, the minimum EIRP for UL 16 QAM and 64QAM for EVM test was defined by comparing the SNR difference between higher order modulations and QPSK assuming the noise floor of the equipment is the same for QPSK, 16QAM and 64QAM. I.e., the NR UE EVM is defined as 17.5% for QPSK, 12.5% for 16QAM，8% for 64QAM, therefore, the corresponding SNR are15.1dB, 18dB and 21.9dB for QPSK, 16QAM and 64QAM respectively. The SNR for 16QAM and 64QAM are 2.9dB and 6.80 dB higher than QPSK. So the minimum EIRP for UL 16 QAM and 64QAM for EVM test relax the minimum output power levels by 3dB for 16QAM and 7dB for 64QAM by the difference in SNR [2].
Using the same method for UL 256QAM with 3.5% EVM, the SNR is 29.1dB, so the difference in SNR compared to QPSK is 14dB.
Furthermore, 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
	18 dB

	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
	28
	30

	Noise floor of gNB receiver
-174dBm/Hz + 10logBW + NF
	-70.2dBm
	-70.2 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
	-0.6 dBm
	4 dBm

	UE required conductive power (dual polarization)
	-20.6 dBm
	 -16 dBm

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

	Dynamic range
	PC2: 43.6 dBm
	PC2: 39 dBm


Observation 2: 

PC2 UE needs -0.6 dBm and 4 dBm minimum EIRP for EVM test for 256QAM with 400MHz channel bandwidth for 29GHz and 39GHz separately.
Considering to define one minimum EIRP for UL 256QAM at both 29GHz and 39GHz, the average value 1.7 dBm for PC2 UE could be applied for minimum EIRP of both 29GHz and 39GHz. Therefore, the relaxation value for minimum EIRP for UL 256QAM should be 14.7dB compare with the general minimum output power.

It can be observed that the difference of the relaxation values for UL 256QAM minimum EIRP is very small (0.7dB) between the method by comparing the SNR difference and MCL analysis.
Proposal 2: 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 3: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 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
	( 18
	( 1
	( 8


2.4 EVM budget for MPR
In the FR2-1 MPR evaluation for 16QAM and 64QAM, it has been verified that the MPR is more dominated by EVM requirements due to relaxed ACLR requirements comparing to FR1. And the main impact factors of EVM are phase noise, PA non-linearity, IQ imbalance, transmitter non-linearity and so on , as the FR1 EVM budget shown in Table 2.4-1 were included as part of the MPR simulation. 
Table 2.4-1 FR1 EVM budget

	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


In FR2-1 MPR simulation should also consider the contributions of each indicidual RF impairments. However, the impact of each individual RF impairments will be different between FR1 and FR2-1. At least, the impact of phase noise to FR2-1 is bigger than FR1 due to phase noise frequency dependencies. And the phase noise could increase by 6 dB every time when f0 doubles, and the mm wave phase noise models were defined based on the general limitations considering different technologies for VCO and PLL as the record in TR 38.803, excerpt here: 

Considering the VCO and PLL (to suppress the phase noise) performance and limitations for mm-wave frequencies for different technologies, some general limitations are given below:

1.
PN could increase by 6 dB every time when f0 doubles (assuming FoM and other things do not change)

2.
PN is inversely proportional to the square of the loaded quality factor of the resonator, Q

3.
1/f noise up-conversion gives rise to close-to-carrier PN increase (small offset)

Therefore, for FR2-1 UL 256QAM, the same general limitations could be reused.

 And we can increase the contribution of phase noise based on the FR1 value, i.e., 2.1%, other RF impairments aren’t further detailed, and companies could adjust the contributions of RF impairments except the phase noise according to their own simulation models, as shown in Table 2.4-2:
Table 2.4-2 FR2-1 EVM budget
	Tx EVM contributor
	EVM
	SNR(dB)

	Phase noise
	2.1%
	33.6 

	Other impairments (including IQ imbalance, PA and transmitter non-linearity)
	2.8%
	31.1

	Total
	3.5%
	29.1


Proposal 4: Reuse the same general limitations for the phase noise for UL 256QAM in FR2-1 as recorded in TR 38.803:
1.
PN could increase by 6 dB every time when f0 doubles (assuming FoM and other things do not change)

2.
PN is inversely proportional to the square of the loaded quality factor of the resonator, Q

3.
1/f noise up-conversion gives rise to close-to-carrier PN increase (small offset)

Proposal 5: just specify EVM requirement for phase noise for FR2-1 EVM budget and other RF impairment aren’t further detailed as table 2.4-2:
Table 2.4-2 FR2-1 EVM budget
	Tx EVM contributor
	EVM
	SNR(dB)

	Phase noise
	2.1%
	33.6 

	Other impairments (including IQ imbalance, PA and transmitter non-linearity)
	2.8%
	31.1

	Total
	3.5%
	29.1


3. Conclusion

This contribution provided the system link simulation results for UL 256QAM EVM and further discussed minimum EIRP and EVM budget for MPR simulation in FR2-1. And we got 

Observation 1:

It can be observed from figure 2-1, figure 2-2, figure 2-3 and figure 2-4 that at both 29 GHz (n257) and 39 GHz (n259 and n260):

For urban macro scenario:

-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 86.95% of PC1 UE and 73.26% of PC2/5 UE.

-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 82.82% of PC1 UE and 62.31% of PC2/5 UE.
-
~13% of PC1 UE and ~26% of PC2/5 UE are transmitting at maximum output power at 29 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
-    ~17% of PC1 UE and ~27% of PC2/5 UE are transmitting at maximum output power at 39 GHz (of 35 dBm and 23 dBm, respectively, for PC1 UE and PC2/5 UE).
For indoor hotspot scenario:

-    The target SNR of 28dB for 29 GHz at BS side can be achieved by 100% of PC1 UE and 100% of PC2/5 UE.

-    The target SNR of 30dB for 39 GHz at BS side can be achieved by 100% of PC1 UE and 99.99% of PC2/5 UE.
-
The transmitting power of all PC1/PC2/PC5 UE are less than 20 dBm at 29 GHz.
-    The transmitting power of ~ 99% PC1/PC2/PC5 UE are less than 13 dBm at 39 GHz.
Observation 2: 

PC2 UE needs -0.6 dBm and 4 dBm minimum EIRP for EVM test for 256QAM with 400MHz channel bandwidth for 29GHz and 39GHz separately.

Considering to define one minimum EIRP for UL 256QAM at both 29GHz and 39GHz, the average value 1.7 dBm for PC2 UE could be applied for minimum EIRP of both 29GHz and 39GHz. Therefore, the relaxation value for minimum EIRP for UL 256QAM should be 14.7dB compare with the general minimum output power.

It can be observed that the difference of the relaxation values for UL 256QAM minimum EIRP is very small (0.7dB) between the method by comparing the SNR difference and MCL analysis.
And proposed:
Proposal 1: UL 256QAM for PC1/2/5 UE at both 29GHz and 39GHz are feasible.
Proposal 2: 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 3: The minimum EIRP for UL 256 QAM for EVM test could be relaxed by 14 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
	( 18
	( 1
	( 8


Proposal 4: Reuse the same general limitations for the phase noise for UL 256QAM in FR2-1 as recorded in TR 38.803:
1.
PN could increase by 6 dB every time when f0 doubles (assuming FoM and other things do not change)

2.
PN is inversely proportional to the square of the loaded quality factor of the resonator, Q

3.
1/f noise up-conversion gives rise to close-to-carrier PN increase (small offset)

Proposal 5: Just specify EVM requirement for phase noise for FR2-1 EVM budget and other RF impairment aren’t further detailed as table 2.4-2:

Table 2.4-2 FR2-1 EVM budget
	Tx EVM contributor
	EVM
	SNR(dB)

	Phase noise
	2.1%
	33.6 

	Other impairments (including IQ imbalance, PA and transmitter non-linearity)
	2.8%
	31.1

	Total
	3.5%
	29.1
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