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1 Introduction
In RAN4 NR#2 meeting, the assumptions for system level simulations are agreed [1], while the initial discussion has begun in RAN4 #84, with the common understanding that the following discussion may be dependent on the system-level evaluation: 
	The following aspects are expected to be evaluated from system level simulation.
· Number of SS block beams to be detected
· Number of cells to be detected
Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.
· Mobility performance


In this paper, we would like to provide our system-level simulation results, and accordingly the analysis and views on the related topics and simulation methodology itself. 

1 
2 
2 Simulation assumptions and methodology
· Simulation target
· Number of SS block beams to be detected
· Number of cells to be detected
Note: A cell is called a detected cell to a UE if one of its beams is detected by that UE.
· Simulation methodology
· Step 1:
· Log all the UEs’ SINR for 1st, 2nd, ... Nth best beams, and Log all the UEs’ SINR for 1st, 2nd, ... Nth best cells
· Draw the related SINR CDF curves.
· Step 2:
· Log the 5%-tile SINR value and 10%-tile SINR value of the SINR CDF curves.
The target of the simulation is to evaluate the number of detectable beams and cells. In our understanding, this measurement requirement means how many beams/cells can be detected by most UEs (95% UE or 90% UE). So in the simulation results, we would provide the 5%-tile SINR value and 10%-tile SINR value of the SINR CDF curves.
· Number of SS blocks (Tx beams)
It was agreed in RAN1:
	· The maximum number of SS-blocks within SS burst set, L, for different frequency ranges are
· For frequency range up to 3 GHz, L is 4
· For frequency range from 3 GHz to 6 GHz, L is 8
· For frequency range from 6 GHz to 52.6 GHz, L is 64
· Note that RAN1 assumes minimum number of SS blocks transmitted within each SS burst set is one to define performance requirements


In our simulation, the SS block number within SS burst set or Tx beam number K is set to 1/4 for below 6GHz scenarios, and 8/16 for above 6GHz scenarios. 
Moreover, 4 Rx beams are assumed for above 6GHz scenarios, while UE Rx beamforming is not performed for below 6GHz scenarios.
· SS beam direction colliding model
· SS blocks from different cells are colliding in the same time/frequency resource.
· SS blocks are transmitted using TDM scheme, i.e. only one SS block will be transmitted in one cell at same time.
· Number of Tx beam is equal to number of SS block, and mapping between beam directions and SS blocks is random.

The detailed simulation assumptions are listed in Table A.1~3 in Annex A.

3 Simulation Results
In this paper, two deployments Dense urban (UMi) and Urban macro (UMa) are evaluated for both below 6GHz (4GHz) and above 6GHz (30GHz).
In this section, we would provide the SINR CDF curves of the 1st, 2nd, ... Nth best beams SINR and the 1st, 2nd, ... Nth best cells for all UEs, as well as the 5%-tile and 10%-tile SINR value of the SINR CDF curves in the tables.
3 
3.1 Below 6GHz (4GHz)
For below 6GHz scenarios, UE Rx beamforming is not performed, i.e. UE use omnidirectional antenna with 0dBi gain, and the number of Tx beam K is set to 1 and 4.
· UMi(ISD=200m), K(Number of Tx beam) = 1
	[image: ]
Fig. 3.1-1a. CDF of SINR for best beams
	[image: ]
Fig. 3.1-1b. CDF of SINR for best cells (same to best beams)



· UMi(ISD=200m), K(Number of Tx beam) = 4
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Fig. 3.1-2a. CDF of SINR for best beams
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Fig. 3.1-2b. CDF of SINR for best cells



· UMa(ISD=500m), K(Number of Tx beam) = 1
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Fig. 3.1-3a. CDF of SINR for best beams
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Fig. 3.1-3b. CDF of SINR for best cells (same to best beams)



· UMa(ISD=500m), K(Number of Tx beam) = 4
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Fig. 3.1-4a. CDF of SINR for best beams
	[image: ]
Fig. 3.1-4b. CDF of SINR for best cells



Table 3.1-1: 5%-tile SINR value of CDF
	
	# of strongest beams
	# of strongest cells

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	1st
	2nd
	3rd
	4th
	5th
	6th

	UMi, K = 1
	-2.29
	-37.28
	-43.62
	-50.64
	-54.67
	-58.16
	-2.29
	-37.28
	-43.62
	-50.64
	-54.67
	-58.16

	UMi, K = 4
	0.81
	-3.75
	-9.03
	-11.58
	-24.28
	-27.93
	0.81
	-24.3
	-33.91
	-39.78
	-44.46
	-48.25

	UMa, K = 1
	-23.29
	-34.6
	-41.01
	-63.49
	-68.62
	-72.59
	-23.29
	-34.6
	-41.01
	-63.49
	-68.62
	-72.59

	UMa, K = 4
	-17.86
	-21.37
	-23.55
	-25.34
	-27.64
	-29.35
	-17.86
	-24.97
	-31.13
	-61.42
	-65.02
	-68.16



Table 3.1-2: 10%-tile SINR value of CDF
	
	# of strongest beams
	# of strongest cells

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	1st
	2nd
	3rd
	4th
	5th
	6th

	UMi, K = 1
	-0.67
	-30.18
	-38.25
	-44.48
	-48.9
	-52.34
	-0.67
	-30.18
	-38.25
	-44.48
	-48.9
	-52.34

	UMi, K = 4
	2.51
	-1.56
	-6.05
	-8.96
	-18.64
	-22.53
	2.51
	-18.37
	-28.28
	-35.22
	-39.36
	-42.9

	UMa, K = 1
	-20.44
	-30.86
	-36.6
	-52.25
	-59.12
	-63.54
	-20.44
	-30.86
	-36.6
	-52.25
	-59.12
	-63.54

	UMa, K = 4
	-15.02
	-18.79
	-21.4
	-23.18
	-25.56
	-27.2
	-15.02
	-22.57
	-28.41
	-50.39
	-54.36
	-58.91



Table 3.1-3: 20%-tile SINR value of CDF
	
	# of strongest beams
	# of strongest cells

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	1st
	2nd
	3rd
	4th
	5th
	6th

	UMi, K = 1
	0.93
	-22.12
	-31.07
	-37.4
	-41.8
	-45.53
	0.93
	-22.12
	-31.07
	-37.4
	-41.8
	-45.53

	UMi, K = 4
	5.49
	1.13
	-2.68
	-5.53
	-12.45
	-16.69
	5.49
	-11.03
	-21.74
	-27.98
	-32.3
	-35.84

	UMa, K = 1
	-15.87
	-26.81
	-32.51
	-39.8
	-45.24
	-49.67
	-15.87
	-26.81
	-32.51
	-39.8
	-45.24
	-49.67

	UMa, K = 4
	-10.79
	-15
	-18.05
	-20.2
	-22.82
	-24.47
	-10.79
	-19.25
	-25.21
	-32.94
	-37.78
	-42.71



Based on the above results, some observations can be made:
1) If the simulation methodology that considering x%-tile SINR value (x = [5/10/20]) of the SINR CDF curves as the side condition is adopted, we can see that, for 4GHz UMi scenario (ISD=200m), 1~4 beams can be detected for different Tx beam number configuration, and only 1 cell can be detected when the side condition is set to 6 dB.
2) Unfortunately, for 4GHz UMa scenario (ISD=500m), the SINR distribution is so bad that it is hard to detect any beams or cells.
Observation 1: Based on the simulation methodology, for 4GHz UMi scenario (ISD=200m), 1~4 beams and only 1 cell can be detected when the side condition is set to 6 dB. 
Observation 2: For 4GHz UMa scenario (ISD=500m), the SINR distribution is so bad that it is hard to detect any beams or cells.

3.2 Above 6GHz (30GHz)
For above 6GHz scenarios, the UE Rx beamforming is considered, and the number of Tx beam K is set to 8 and 16.
Following subsections show the simulation results for different scenarios.
· UMi(ISD=200m), K(Number of Tx beam) = 8
	[image: ]
Fig. 3.2-1a. CDF of SINR for best beams
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Fig. 3.2-1b. CDF of SINR for best cells



· UMi(ISD=200m), K(Number of Tx beam) = 16
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Fig. 3.2-2a. CDF of SINR for best beams
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Fig. 3.2-2b. CDF of SINR for best cells



· UMa(ISD=200m), K(Number of Tx beam) = 8
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Fig. 3.2-3a. CDF of SINR for best beams
	[image: ]
Fig. 3.2-3b. CDF of SINR for best cells



· UMa(ISD=200m), K(Number of Tx beam) = 16
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Fig. 3.2-4a. CDF of SINR for best beams
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Fig. 3.2-4b. CDF of SINR for best cells



Table 3.2-1: 5%-tile SINR value of CDF
	
	# of strongest beams
	# of strongest cells

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	1st
	2nd
	3rd
	4th
	5th
	6th

	UMi, K = 8
	-11.25
	-15.14
	-17.94
	-20.01
	-21.68
	-23.02
	-11.25
	-21.36
	-27.19
	-31.94
	-35.4
	-38.41

	UMi, K = 16
	-8.77
	-11.74
	-13.89
	-15.61
	-17.24
	-18.52
	-8.77
	-18.06
	-24.09
	-29.6
	-32.77
	-35.83

	UMa, K = 8
	-4.14
	-8.22
	-10.77
	-13.21
	-14.73
	-16
	-4.14
	-15.09
	-20.94
	-26.13
	-30.43
	-33.27

	UMa, K = 16
	-1.77
	-4.88
	-7.2
	-8.6
	-10.14
	-11.43
	-1.77
	-12.2
	-18.92
	-23.09
	-26.82
	-30.87



Table 3.2-2: 10%-tile SINR value of CDF
	
	# of strongest beams
	# of strongest cells

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	1st
	2nd
	3rd
	4th
	5th
	6th

	UMi, K = 8
	-6.78
	-11.7
	-14.63
	-16.75
	-18.59
	-20.06
	-6.78
	-17.7
	-23.73
	-28.2
	-31.23
	-34.47

	UMi, K = 16
	-5.12
	-7.99
	-10.59
	-12.19
	-13.81
	-15.11
	-5.12
	-14.49
	-20.8
	-25.21
	-28.96
	-31.7

	UMa, K = 8
	-0.23
	-4.6
	-7.94
	-10.11
	-11.88
	-13.3
	-0.23
	-11.05
	-17.39
	-21.88
	-25.72
	-28.61

	UMa, K = 16
	1.89
	-1.31
	-3.57
	-5.44
	-7.13
	-8.38
	1.89
	-8.52
	-14.9
	-19.45
	-22.63
	-25.86



Table 3.2-3: 20%-tile SINR value of CDF
	
	# of strongest beams
	# of strongest cells

	
	1st
	2nd
	3rd
	4th
	5th
	6th
	1st
	2nd
	3rd
	4th
	5th
	6th

	UMi, K = 8
	-1.73
	-6.9
	-10.04
	-12.53
	-14.47
	-16.21
	-1.73
	-13.3
	-19.69
	-24.22
	-27.7
	-30.65

	UMi, K = 16
	0.13
	-3.22
	-5.65
	-7.94
	-9.62
	-10.91
	0.13
	-10.37
	-16.66
	-21.51
	-24.95
	-27.99

	UMa, K = 8
	4.41
	-0.13
	-3.51
	-5.89
	-8.07
	-9.57
	4.41
	-7.13
	-13.31
	-17.33
	-21.11
	-24.6

	UMa, K = 16
	6.81
	3.38
	0.79
	-1.12
	-2.89
	-4.15
	6.81
	-4.12
	-10.48
	-15.02
	-18.41
	-21.32



Based on the above results, some observations can be made:
1) If the simulation methodology that considering x%-tile SINR value (x = [5/10/20]) of the SINR CDF curves as the side condition is adopted, we can see that, for 30GHz UMi scenario (ISD=200m), 1~3 beams and 1 cell can be detected for 10%/20%-tile SINR value when the side condition is set to 6 dB.
2) For 30GHz UMa scenario (ISD=200m), 1~6 beams and 1~2 cell can be detected for different Tx beam number configuration with different x%-tile SINR values (x = [5/10/20]).
Observation 3: For 30GHz UMi scenario (ISD=200m), 1~3 beams and 1 cell can be detected for 10%/20%-tile SINR value when the side condition is set to 6 dB.
Observation 4: For 30GHz UMa scenario (ISD=200m), 1~6 beams and 1~2 cell can be detected.

4 Further Discussion on Simulation Assumption
· Simulation Methodology
In current stage, RAN4 has not aligned with simulation assumption details and more importantly how to apply the system-level simulation results to derive RAN4-related requirement, like the number of SS block beams and cells to be detected. Based upon this fact, RAN4 should firstly narrow down the parameter options listed in the agreed simulation assumptions for better aligned results, in the meantime, begin to discuss the system-level simulation results’ role in deriving RAN4-related requirement. 
Proposal 1: RAN4 firstly narrow down the parameter options listed in the agreed simulation assumptions for better result alignment, in the meantime, RAN4 begin to discuss the system-level simulation results’ role in deriving RAN4-related requirement.

· Simulation Parameters Sensitive to Results
During the simulation running stage, we found that the SINR distribution simulation results are very sensitive to some simulation assumptions. Since the SINR range of cell edge UE is very low (even < -10dB), the thermal noise will be much larger than the received signal power. So, the parameters that will significantly impact received signal power or thermal noise are very sensitive to the SINR distribution. Following we will list several simulation assumptions that are very sensitive to the SINR distribution.
1) UE noise figure
The thermal noise is proportional to UE noise figure, so the UE noise figure parameter setting will significantly impact the SINR distribution.
2) System bandwidth, BS Tx power, Maximum directional gain of an antenna element GE,max for both BS and UE
The received signal power on the center PRBs containing SS blocks is proportional to system bandwidth, BS Tx power and maximum directional gain of an antenna element.
3) Inter site distance (ISD)
ISD has large impact on the pathloss distribution, so the ISD setting will significantly impact the SINR distribution.
4) UE distribution - indoor UE percentage
Indoor UE has large O2I penetration loss, so the percentage of indoor UE setting will significantly impact the received signal power.
5) Number of SS blocks and beam directions
From the simulation results, it can observed that the number of SS block and beam directions for SS block transmissions would have large impact on the SINR distributions of the best N beams/cells.
Observation 5: SINR distribution simulation results are very sensitive to UE noise figure, system bandwidth, BS Tx power, maximum directional gain of an antenna element GE,max (both BS and UE), Inter site distance (ISD), UE distribution, and number of SS blocks and beam directions.

· Update on System Level Simulation Assumptions
Based on the above observations, we suggest having the following update to the agreed simulation assumption: 
Proposal 2: For dense Urban scenario, RAN4 adopt option-1 for “mix of O2I penetration loss models for higher carrier frequency”, and for urban macro scenario, RAN4 adopt 100 users per TRP only and adopt option 1 for “mix of O2I penetration loss models for higher carrier frequency”, as indicated in below table:  

	Parameters
	Dense urban
	Urban macro

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic in Macro layer

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%



Furthermore, we suggest to use the following beam sweeping assumption for both BS and UE side in future RAN4 simulation assumption, i.e., 
[bookmark: _GoBack]Proposal 3: RAN4 adopt the following beam sweeping assumption for future result alignement, as indicated in below table: 
	Number of SS blocks (beams)
	Beam direction

	K = 1 (for 4GHz)
	102 degree down tilting, no beam sweeping

	K = 4 (for 4GHz)
	Beam directions for BS (4 Tx beams):
Azimuth angle [-45, -15, 15, 45] degree
Zenith angle  [102+0] degree
Beam directions for UE:
Omnidirectional

	K = 8 (for 30GHz)
	Beam directions for BS (8 Tx beams):
Azimuth angle: [-45, -15, 15, 45] degree
Zenith angle: [102+0, 102+10] degree
Beam directions for UE (4 Rx beams):
Azimuth angle: [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle: [90] degree

	K = 16 (for 30GHz)
	Beam directions for BS (16 Tx beams):
Azimuth angle: [-52.5, -37.5, -22.5, -7.5, 7.5, 22.5, 37.5, 52.5] degree
Zenith angle: [102+0, 102+10] degree
Beam directions for UE (4 Rx beams):
Azimuth angle: [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle: [90] degree



5 Conclusion
In this contribution, we provide our initial evaluation results based on the agreed system level simulation assumptions and our simulation methodology. Based on the above evaluation results and analysis, the following observations could be obtained.
Observation 1: Based on the simulation methodology, for 4GHz UMi scenario (ISD=200m), 1~4 beams and only 1 cell can be detected when the side condition is set to 6 dB. 
Observation 2: For 4GHz UMa scenario (ISD=500m), the SINR distribution is so bad that it is hard to detect any beams or cells.
Observation 3: For 30GHz UMi scenario (ISD=200m), 1~3 beams and 1 cell can be detected for 10%/20%-tile SINR value when the side condition is set to 6 dB.
Observation 4: For 30GHz UMa scenario (ISD=200m), 1~6 beams and 1~2 cell can be detected.

Furthermore, we present our considerations on the simulation methodology and simulation assumptions.
Proposal 1: RAN4 firstly narrow down the parameter options listed in the agreed simulation assumptions for better result alignment, in the meantime, RAN4 begin to discuss the system-level simulation results’ role in deriving RAN4-related requirement.
Observation 5: SINR distribution simulation results are very sensitive to UE noise figure, system bandwidth, BS Tx power, maximum directional gain of an antenna element GE,max (both BS and UE), Inter site distance (ISD), UE distribution, and number of SS blocks and beam directions.
Proposal 2: For dense Urban scenario, RAN4 adopt option-1 for “mix of O2I penetration loss models for higher carrier frequency”, and for urban macro scenario, RAN4 adopt 100 users per TRP only and adopt option 1 for “mix of O2I penetration loss models for higher carrier frequency”, as indicated in below table:  

	Parameters
	Dense urban
	Urban macro

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic in Macro layer

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%



Proposal 3: RAN4 adopt the following beam sweeping assumption for future result alignement, as indicated in below table: 
	Number of SS blocks (beams)
	Beam direction

	K = 1 (for 4GHz)
	102 degree down tilting, no beam sweeping

	K = 4 (for 4GHz)
	Beam directions for BS (4 Tx beams):
Azimuth angle [-45, -15, 15, 45] degree
Zenith angle  [102+0] degree
Beam directions for UE:
Omnidirectional

	K = 8 (for 30GHz)
	Beam directions for BS (8 Tx beams):
Azimuth angle: [-45, -15, 15, 45] degree
Zenith angle: [102+0, 102+10] degree
Beam directions for UE (4 Rx beams):
Azimuth angle: [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle: [90] degree

	K = 16 (for 30GHz)
	Beam directions for BS (16 Tx beams):
Azimuth angle: [-52.5, -37.5, -22.5, -7.5, 7.5, 22.5, 37.5, 52.5] degree
Zenith angle: [102+0, 102+10] degree
Beam directions for UE (4 Rx beams):
Azimuth angle: [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle: [90] degree
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7 Annex A: Simulation Assumptions
Table A-1: System level evaluation assumptions for Dense urban and Urban macro (simplified based on Table A.2.1-1 in TR 36.802)
	Parameters
	Dense urban
	Urban macro

	Layout
	Single layer:
Macro layer: Hex. Grid
(Macro only)
	Single layer
Macro layer: Hex. Grid

	Inter-BS distance 
	Macro layer: 200m
	500m (for 4GHz)
200m (for 30GHz)

	Carrier frequency 
	Macro layer: 4GHz and 30GHz
	4 GHz and 30GHz

	Aggregated system 
bandwidth
	No Carrier Aggregation
	No Carrier Aggregation

	Simulation bandwidth
	Downlink 20MHz for below 6GHz
Downlink 80MHz for above 6GHz

	Channel model

	Below 6GHz: 3D UMi
Above 6GHz: 5GCM UMi
	Below 6GHz: 3D UMa
6 GHz: 5GCM UMa

	BS Tx power
	Macro layer:
Below 6GHz: 44dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm
Above 6GHz: 40dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm
	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm
Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm
EIRP should not exceed 78 dBm (*)

	UE Tx power 
	Below 6GHz: 23dBm
30GHz: 23dBm
EIRP should not exceed 43 dBm (*)

	BS antenna configurations
	See Table A.2.1-4.

	BS antenna height 
	25m for macro cells and 10m for micro cells
	25 m

	BS antenna element gain + connector loss
	See Table A.2.1-4

	BS receiver noise figure
	Below 6GHz: 5dB
Above 6GHz: 9dB

	UE antenna configuration
	See Table A.2.1-4.

	UE antenna height
	Follow TR36.873

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	Below 6GHz: 9dB
Above 6GHz: 13dB

	UE distribution
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic in Macro layer

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h
100 users per TRP for full buffer traffic

Mix of O2I penetration loss models for higher carrier frequency
-	Option1
-	Low loss model – 80%
-	High-loss model – 20%



Table A-2: Antenna configurations for below and above 6GHz (simplified based on Table A.2.1-4 in TR 36.802)
	
	Below 6GHz (4GHz)
	Above 6GHz (30GHz)

	TXRU mapping
	Per panel, reuse models in TR 36.897
TXRU mapping to antenna elements for 4GHz: 2D DFT based beam per polarization
BS TXRU mapping: all the elements for each polarization on one panel are mapped to a single antenna port, i.e.  antenna elements with (M,N) = (8,8) per polarization is mapped to one TXRU;
UE TXRU mapping: all the elements for each polarization on one panel are mapped to a single port, i.e. antenna elements with (M,N) = (1,2) per polarization is mapped to one TXRU.
	Per panel, reuse models in TR 36.897.
TXRU mapping to antenna elements for 30GHz: 2D DFT based beam per polarization
BS TXRU mapping: all the elements for each polarization on one panel are mapped to a single antenna port, i.e.  antenna elements with (M,N) = (8,16) per polarization is mapped to one TXRU;
UE TXRU mapping: all the elements for each polarization on one panel are mapped to a single port, i.e. antenna elements with (M,N) = (1,4) per polarization is mapped to one TXRU.

	TXRU mapping weights
	2D DFT based beam per polarization, TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.
	2D DFT based beam per polarization, TXRU to antenna mapping weights are adjustable and used to steer the panel beam direction in multi beam based approaches in time domain.

	Number of BS antenna elements across all panels
	4GHz: 128 Tx antenna elements
	30GHz: 256 Tx antenna elements

	Number of UE antenna elements
	4GHz: 4 Rx antenna elements
	30GHz: 8 Rx antenna elements


	BS (M,N,P,Mg,Ng)
	4GHz:
Dense urban and Urban macro:
- (M,N,P,Mg,Ng) = (8,8,2,1,1).
	30GHz:
Dense urban and Urban macro:
- (M,N,P,Mg,Ng) = (8,16,2,1,1). 

	BS (dH,dV,dH,g,dV,g)
	4GHz:
Dense urban and Urban macro:
- Baseline: (dH,dV) = (0.5, 0.8)λ
	30GHz:
Dense urban and Urban macro:
- Baseline: (dH,dV) = (0.5, 0.5)λ.

	UE antenna model parameters
	One panel
(M,N,P,Mg,Ng) = (1,2,2,1,1).
dH=0.5λ
	One panel
(M,N,P,Mg,Ng) = (1,4,2,1,1).
dH=0.5λ

	BS antenna element gain pattern
	Same to TR 36.873 Table 7.1-1
	Same to TR 38.802 Table A.2.1-6

	UE antenna element gain pattern
	Omnidirectional with 0dBi gain
	Same to TR 38.802 Table A.2.1-8



Table A-3: Beam sweeping assumption
	Number of SS blocks (beams)
	Beam direction

	K = 1 (for 4GHz)
	102 degree down tilting, no beam sweeping

	K = 4 (for 4GHz)
	Beam directions for BS (4 Tx beams):
Azimuth angle [-45, -15, 15, 45] degree
Zenith angle  [102+0] degree
Beam directions for UE:
Omnidirectional

	K = 8 (for 30GHz)
	Beam directions for BS (8 Tx beams):
Azimuth angle: [-45, -15, 15, 45] degree
Zenith angle: [102+0, 102+10] degree
Beam directions for UE (4 Rx beams):
Azimuth angle: [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle: [90] degree

	K = 16 (for 30GHz)
	Beam directions for BS (16 Tx beams):
Azimuth angle: [-52.5, -37.5, -22.5, -7.5, 7.5, 22.5, 37.5, 52.5] degree
Zenith angle: [102+0, 102+10] degree
Beam directions for UE (4 Rx beams):
Azimuth angle: [-67.5, -22.5, 22.5, 67.5] degree
Zenith angle: [90] degree
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