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1. Introduction
[bookmark: OLE_LINK2]In RAN 96 meeting, a new WID [1] for NR RF requirements enhancement for frequency range 2 (FR2), Phase 3 was approved, where for FR2 UL 256QAM, the objections are:
UL 256QAM
· Investigate and enable UL 256QAM for FR2-1 [RAN4]
· Study the gain, operating SNR, phase noise model and implementation aspects
· Specify the UE RF requirements
· First priority: Targeted power classes are PC1, PC2 and PC5 
· Second priority: Targeted power class is PC3 
In last RAN4 meeting, some issues such as operating SNR and SLS parameters were concluded and were captured in the WF [2]. However, there were still some open issues left, including the feasibility of UL 256QAM for 39 GHz, EIRP parameters for EVM, and etc.. 
In this contribution, we give some discussions on the Min EIRP and provide the SLS results for both 29GHz and 39GHz.
2. Discussion
2.1 29GHz
One of the open issue is the feasibility for PC2/5 of 29GHz. For PC1, it was already agreed that UL 256 QAM for PC1 UEs of 29 GHz is feasible, which was included in the WF:
	· [bookmark: OLE_LINK13]UL 256 QAM for PC1 UEs of 29 GHz is feasible
· FFS for PC2/PC5


In last meeting, we provided SLS results for UL 256QAM for PC1/2/3/5 UEs of 29GHz in [3], in terms of the simulations, which are shown below:
[image: ]
Figure 1, CDF of SINR for PC2 under Urban Macro with Fc = 29GHz
[image: ]
Figure 2, CDF of SINR for PC3 under Urban Macro with Fc = 29GHz
[image: ]
Figure 3, CDF of SINR for PC5 under Urban Macro with Fc = 29GHz
From figure 1, 2 and 3, we can find that 5% UE can achieve above 30dB SINR which show that PC2 and PC5 @29GHz are feasible for UL 256QAM. If the operating SNR is smaller than 30dB, then the percentage of UE meet the target SNR will increase. Even ~10% UE can achieve above 28dB SINR even for PC3.
[bookmark: OLE_LINK15]Thus we observed PC2 and PC5 are feasible for UL 256QAM for 29GHz, and PC3 is also feasible if the operating SNR is not higher than 28dB.  
Observation 1: PC2 and PC5 are feasible for UL 256QAM for 29GHz, and PC3 is also feasible if the operating SNR is not higher than 28dB.
2.2 Minimum EIRP
In RAN4 #105 meeting, one open issue is minimum EIRP requirement for EVM test. 
	Issue 3-1-1: How to define the minimum EIRP requirements for EVM test
=> FFS in next meeting
Issue 3-1-2: The minimum EIRP requirements for EVM test
=> FFS in next meeting


[bookmark: OLE_LINK3][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK8]For 16QAM and 64QAM, the EIRP for EVM was derived based on deviations of -20log(EVM) compared with QPSK. The comparisons for each modulation scheme for PC1 are shown in table 1.
[bookmark: OLE_LINK11]Table 1: Comparisons UE EIRP for PC1 
	
Parameter
	Unit
	Average EVM level
	Reference signal EVM level
	SNR
	Delta SNR
	UE EIRP
(dBm)

	Pi/2 BPSK 
	%
	30.0
	30.0
	
	
	

	QPSK 
	%
	17.5
	17.5
	15
	Baseline 
	 4

	16 QAM 
	%
	12.5
	12.5
	18
	3dB
	 7

	64 QAM 
	%
	8.0
	8.0
	22
	7dB
	 11


Therefore, with the same approaches as 16QAM and 64QAM, the EIRP for UL 256QAM could also be derived based on the deviations of -20log(EVM) compared with QPSK, so values are calculated in table 2.
Table 2: UE EIRP for UL256QAM for PC1/2/5 
	[bookmark: OLE_LINK20]
Parameter
	Unit
	[bookmark: OLE_LINK14]Level (PC1)
	[bookmark: OLE_LINK17]Level (PC2)
	Level (PC5)

	UE EIRP for UL 256 QAM
	dBm
	 18
	 1
	 8


Proposal 1. The UE EIRP for UL 256 QAM for PC1/2/5 UE are defined below:
	
Parameter
	Unit
	Level (PC1)
	Level (PC2)
	Level (PC5)

	UE EIRP for UL 256 QAM
	dBm
	 18
	 1
	 8


2.3 39GHz
In RAN4 #105 meeting, the feasibility of UL 256QAM for 39GHz is not confirmed, so we give the the system level simulation for 39GHz for both indoor and outdoor deployment.
	· Issue 1-2-2: UL 256QAM feasibility for 39GHz based on SLS
· FFS for PC1/PC2/PC5 for 39GHz in next meeting.


With regard to system level simulation, the Min peak EIRP was approved to be taken into consideration[2] and the updated simulation parameters are listed in table 3. Figure 4 to figure 9 show the system level simulation for 39GHz for PC1, PC2 and PC5 for both urban macro and indoor deployment.
Table 3. System level simulation assumption reached in RAN4 #104bis-e.
	Parameters
	Urban macro
	Indoor

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	50m x 120m, 12BSs

	Inter-site distance
	200m (baseline)
300m (optional)
	20m

	BS antenna height
	25 m
	3 m

	UE location
	Outdoor/indoor
	Outdoor and indoor
	Indoor

	
	Indoor UE ratio
	20%
	

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss
	

	
	LOS/NLOS
	LOS and NLOS
	LOS and NLOS

	
	UE antenna height
	Same as 3D-Uma in TR 36.873
	 1.5 m

	UE distribution (horizontal)
	Uniform

	Minimum BS – UE distance (2D)
	35 m
	0 m

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	

	Pathloss 
	Uma LOS and NLOS in table 5.2.2.1-1 of 38.803
	InH – Office LOS and NLOS in table 5.2.2.1-1 of 38.803

	Carrier frequency
	29GHz, 39GHz

	BS antenna configuration
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 8 dBi
	(Mg, Ng, M, N, P) = (1, 1, 8, 16, 2)
(dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	UE antenna configuration
	First priority: 
PC1/PC2/PC5:
(Mg, Ng, M, N, P) = (1, 1, 4, 4, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi
Second priority: 
PC3:
 (Mg, Ng, M, N, P) = (1, 1, 2, 2, 2) (dv, dh) = (0.5λ, 0.5λ)
GE,max = 5 dBi

	System bandwidth
	200MHz

	UE Min peak EIRP
	n257 PC1:40.0 dBm/PC2:29 dBm/PC3:22.4 dBm/PC5: 30dBm
n260 PC1:38.0 dBm/PC3:20.6 dBm
n259 PC2:25dBm, PC5:27.7dBm

	Target SNR at BS side
	

	UE max output power
	PC1: 35 dBm/PC2: 23dBm/PC3: 23 dBm/PC5: 23 dBm 
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Figure 4, CDF of SINR for PC1 under indoor with Fc = 39GHz
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Figure 5, CDF of SINR for PC2 under indoor with Fc = 39GHz
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Figure 6, CDF of SINR for PC5 under indoor with Fc = 39GHz
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Figure 7, CDF of SINR for PC1 under Urban Macro with Fc = 39GHz
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Figure 8, CDF of SINR for PC2 under Urban Macro with Fc = 39GHz
[image: ]
Figure 9, CDF of SINR for PC5 under Urban Macro with Fc = 39GHz
From figure 4, 5 and 6, we can find that more than 85% UE can achieve above 30dB SINR in indoor deployment for PC1, PC2 and PC5 @39GHz. With regard to in urban macro deployment, we can find from figure 7, 8 and 9 that more 45% can achieve above 30dB SINR for PC1 and about 10% UE can achieve 30dB SINR for both PC2 and PC5. Thus we observed PC1, PC2 and PC5 are feasible for UL 256QAM for 39GHz.
Observation 2: 
for 39GHz_ Indoor：
· For PC1, PC2 and PC5 ~86% of UE can reach the operating SNR
for 39GHz_ Urban Macro：
· For PC1, ~55% of UE can reach the operating SNR
· For PC2, ~8% of UE can reach the operating SNR
· For PC5 , ~15% of UE can reach the operating SNR
Proposal 2: To confirm the feasibility of UL 256qam at 39GHz for PC1, PC2 and PC5
Figure 10 and figure 11 show the SLS results for 39GHz for PC3 for both urban macro and indoor deployment.
[image: ]
Figure 10, CDF of SINR for PC3 under Urban Macro with Fc = 39GHz
[image: ]
Figure 11, CDF of SINR for PC3 under indoor with Fc = 39GHz
From figure 10 we can find that only about 2% UE can achieve above 30dB SINR in urban macro deployment for PC3 @39GHz. With regard to in indoor deployment, we can find from figure 11 that more than 70% UE can achieve above 30dB SINR for PC3.
Observation 3: 
for 39GHz_ Indoor：
· For PC3, ~75% of UE can reach the operating SNR
for 39GHz_ Urban Macro：
· For PC3, ~2% of UE can reach the operating SNR
3. Conclusion
Based on the simulation results and derivation, the following observations and proposals are given:
Observation 1: PC2 and PC5 are feasible for UL 256QAM for 29GHz, and PC3 is also feasible if the operating SNR is not higher than 28dB.
Observation 2: 
for 39GHz_ Indoor：
· For PC1, PC2 and PC5 ~86% of UE can reach the operating SNR
for 39GHz_ Urban Macro：
· For PC1, ~55% of UE can reach the operating SNR
· For PC2, ~8% of UE can reach the operating SNR
· For PC5 , ~15% of UE can reach the operating SNR
Observation 3: 
for 39GHz_ Indoor：
· For PC3, ~75% of UE can reach the operating SNR
for 39GHz_ Urban Macro：
· For PC3, ~2% of UE can reach the operating SNR
Proposal 1. The UE EIRP for UL 256 QAM for PC1/2/5 UE are defined below:
	
Parameter
	Unit
	Level (PC1)
	Level (PC2)
	Level (PC5)

	UE EIRP for UL 256 QAM
	dBm
	 18
	 1
	 8


Proposal 2: To confirm the feasibility of UL 256qam at 39GHz for PC1, PC2 and PC5

4. Reference
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R4-2218595 Discussion on FR2 UL 256QAM


1
image6.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC5 under indoor @39GHz(n259)

X 30.9998
X 28.002{ Y 018267
Y0.132

10 15 2 5 -

35

40




image7.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC1 under Urban Macro @39GHz(n260)

X30

Y 0.54993

5 10

15
SINR

20

2 30





image8.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC2 under Urban Macro @39GHz(n259)

X 29.9996
Y 0.92235

J

5 10

15
SINR

20

2

30





image9.png
CDF

CDF of SINR for PC5 under Urban Macro @39GHz(n259)

X 30.0002
09 Y 0.85302

01
0 5 10 15 20 2 30

SINR




image10.wmf
0

5

10

15

20

25

30

SINR

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of SINR for PC3 under Urban Macro @39GHz(n260)

X 

29.9985

Y 

0.98446


image11.wmf
5

10

15

20

25

30

35

40

SINR

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

C

D

F

CDF of SINR for PC3 under indoor @39GHz(n260)

X 

30.0013

Y 

0.245


image1.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC2 under Urban Macro @29GHz

xooomr|

Y 0.9507

X 24.6052
Y 0.49842

10

15

SINR

20

2

30

35




image2.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC3 under Urban Macro @29GHz

]

X 30.7884
Y 0.95014

X 18.4769

Y 0.50267
5 10 15 20 2 30

SINR





image3.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC5 under Urban Macro @29GHz

X 30.9925
Y 0.95018

X 25.5704
Y 0.5014

SINR

35




image4.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC1 under indoor

r @39GHz(n260)
T T

Y 0.1363%

10

15

20

SINR

2

30

35

40




image5.png
CDF

09

08

07

06

05

04

03

02

01

CDF of SINR for PC2 under indoor @39GHz(n259)

X 31.0064
X 27,901 Y 019533

Y 0.13867

5 10 15 20 2 30 35

SINR

40




