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1 Introduction
In RAN4 NR#3 meeting, the updated assumptions for system level simulations are agreed in [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.
· Number of SS block beams to be detected for a best RSRP cell
· Number of SS block beams to be detected for a neighbour cell (any other detected cell than best RSRP cell)
· Mobility performance
· Interested companies are encouraged to provide results at 20th percentile, 50th percentile and 90th percentile of CDF for number of cells to be detected and number of beams to be detected


In this paper, we would like to provide our system level simulation results for 30GHz of FR2 (above 24GHz) according to the updated simulation assumptions, and accordingly the analysis and views on the related topics. 

1 
2 
2 Simulation assumptions
· SS beam direction colliding model
· SS blocks from different cells are colliding in the same time/frequency resource
· BS Tx beam sweeping (TDM scheme)
· Mapping between beam directions and SS blocks is random
· Each SS block within the SS burst set is transmitted in a different beam direction
· Each SS block within the SS burst is beamformed with a DFT codeword.
· UE cell measurements
· RSRP of a cell is the RSRP of the best SS block
· A beam is considered detected if it has an SINR≥-6dB (SINR is after UE RX beamforming when RX beamforming is used)
· A cell is considered detected if any beam from the cell is detected
· Cell edge UE
· A cell edge UE is defined as a UE with SSB cell RSRP in the lowest 5th percentile.
· Just like all UE results, 20%-tile, 50%-tile, 90%-tile of CDF for number of detectable cells/beams is collected for cell edge UE.
· UE Rx beamforming and antenna modelling
For above 6G, the UE Rx beamforming is considered in this paper. Based on the antenna configurations for below and above 6GHz in TR 36.802, some simplification is made. The simplification of Table A-2 is based on Table A.2.1-4 in TR 36.802.
BS antenna radiation pattern for above 6GHz and UE antenna radiation pattern can reuse Table A.2.1-6 and Table A.2.1-8 in TR 36.802. For UE RX beamforming direction, following Option 2 is used:
· Option 1 : Isotropic antenna model is used for simulation purposes
· Option 2 : Genie aided UE receive beamforming with codeword selection as specified in Table A-6

The detailed simulation assumptions are listed in the tables in the Annex.

3 Simulation Results
In RAN4 NR#3 meeting, the system level simulation assumptions were further discussed, especially for Urban Macro (UMa) deployment for 30GHz carrier frequency.
In this paper, we would provide the simulation results for Urban Macro (UMa) deployment with ISD = 200m for 30GHz carrier frequency.
3 
3.1 Results for all UE
In system level simulation, multiple drops are evaluated. There are totally 21000 points (21000 UE) for drawing the CDF curves.
Below figures show all UE’s CDF of number of cells to be detected and number of beams to be detected, and the CDF of SINR for best 4 cells. The table shows the 20th percentile, 50th percentile and 90th percentile of the CDF curves.
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Fig. 3.1-1. CDF of detected beams for all UE
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Fig. 3.1-2. CDF of detected cells for all UE
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Fig. 3.1-3. CDF of detected beams for best 4 cells for all UE
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Fig. 3.1-4. CDF of SINR for best 4 cells for all UE



Table 3.1: X%-tile of CDF of detected beams/cells
	Item
	20%-tile
	50%-tile
	90%-tile

	Detected beams
	14
	22
	40

	Detected cells
	3
	4
	6

	Detected beams for 1st strong cell
	7
	13
	16

	Detected beams for 2nd strong cell
	2
	4
	13

	Detected beams for 3rd strong cell
	0
	2
	8

	Detected beams for 4th strong cell
	0
	1
	4



Based on the above results, below observations can be made:
1) Since there are total 16 Tx beams on each basestation, so the high RSRP UE can detect dozens of beams, e.g. more than 40.
2) The 20%-tile of CDF is 14 detected beams, 3 detected cells, and 7, 2, 0, 0 detected beams for the 1st/2nd/3rd/4th strong cell. That means more than 80% UE can detect 14 beams, 3 cells, and 7, 2, 0, 0 beams for 1st/2nd/3rd/4th strong cell.
Observation 1: For 30GHz UMa (ISD=200m) scenario, the 20%-tile of CDF is 14 detected beams, 3 detected cells, and 7, 2, 0, 0 detected beams for the 1st/2nd/3rd/4th strong cell.

3.2 Results for cell edge UE
The cell edge UE is defined as the UE with SSB cell RSRP in the lowest 5th percentile. So, the in this section, there are 1050 points (1050 cell edge UE) for drawing the CDF curves, since all UE number is 21000.
Below figures show the cell edge UE’s CDF of number of cells to be detected and number of beams to be detected, and the CDF of SINR for best 4 cells. The table shows the 20th percentile, 50th percentile and 90th percentile of the CDF curves.
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Fig. 3.2-1. CDF of detected beams for cell edge UE
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Fig. 3.2-2. CDF of detected cells for cell edge UE
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Fig. 3.2-3. CDF of detected beams for best 4 cells for cell edge UE
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Fig. 3.2-4. CDF of SINR for best 4 cells for cell edge UE



Table 3.2: X%-tile of CDF of detected beams/cells
	Item
	20%-tile
	50%-tile
	90%-tile

	Detected beams
	3
	5
	9

	Detected cells
	1
	2
	4

	Detected beams for 1st strong cell
	2
	2
	4

	Detected beams for 2nd strong cell
	0
	2
	3

	Detected beams for 3rd strong cell
	0
	0
	2

	Detected beams for 4th strong cell
	0
	0
	1



Based on the above results, below observations can be made:
1) The cell edge UE is selected from all UE, whose SSB cell RSRP is in the lowest 5th percentile. So, the detectable beams/cells are very limited.
2) For cell edge UE, the 50%-tile of CDF is 5 detected beams, 2 detected cells, and 2, 2, 0, 0 detected beams for the 1st/2nd/3rd/4th strong cell. That means more than 50% cell edge UE can detect 3 beams, 2 cells, and 2, 1, 0, 0 beams for 1st/2nd/3rd/4th strong cell.
Observation 2: For 30GHz UMa (ISD=200m) scenario, for cell edge UE, the 50%-tile of CDF is 5 detected beams, 2 detected cells, and 2, 2, 0, 0 detected beams for the 1st/2nd/3rd/4th strong cell.

4 Conclusion
In this contribution, we provide our initial evaluation results for 30GHz carrier frequency according to the updated system level simulation assumptions. Based on the above evaluation results, the following observations could be obtained.
Observation 1: For 30GHz UMa (ISD=200m) scenario, the 20%-tile of CDF is 14 detected beams, 3 detected cells, and 7, 2, 0, 0 detected beams for the 1st/2nd/3rd/4th strong cell.
Observation 2: For 30GHz UMa (ISD=200m) scenario, for cell edge UE, the 50%-tile of CDF is 5 detected beams, 2 detected cells, and 2, 2, 0, 0 detected beams for the 1st/2nd/3rd/4th strong cell.
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6 Annex A: Detailed Simulation Assumptions
Table A-1: System level evaluation assumptions for Urban macro (simplified based on Table A.2.1-1 in TR 36.802)
	Parameters
	Urban macro

	Layout
	Single layer
Macro layer: Hex. Grid, 7 Site 21 Sector

	Inter-BS distance 
	200m (for 30GHz)

	Carrier frequency 
	30GHz

	Aggregated system bandwidth
	No Carrier Aggregation

	Simulation bandwidth
	Downlink 80MHz for 30GHz

	Channel model
	30GHz: 5GCM UMa

	BS Tx power
	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
	Not used in DL.

	BS antenna configurations
	See Table A.2.1-4.

	BS antenna height
	25 m

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

	BS receiver noise figure
	Not used in DL.

	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
	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

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 above 6GHz (simplified based on Table A.2.1-4 in TR 36.802)
	
	Above 6GHz (30GHz)

	TXRU mapping
	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) = (4,8) 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) = (2,2) 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.

	Number of BS antenna elements across all panels
	30GHz: 64 Tx antenna elements

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


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

	BS (dH,dV,dH,g,dV,g)
	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) = (2,2,2,1,2).
dH= dV=0.5λ

	BS antenna element gain pattern
	See Table A-3

	UE antenna element gain pattern
	See Table A-4



Table A-3: 3-Sector BS antenna radiation pattern for above 6GHz (Table A.2.1-6 in TR 38.802)
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8dBi



Table A-4: UE antenna radiation pattern model 1 (Table A.2.1-8 in TR 38.802)
	Parameter
	Values

	Antenna element radiation pattern in  dim (dB)
	


	Antenna element radiation pattern in  dim (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5dBi



Note: are in local coordinate system.
Table A-5: Basestation Beam shaping for SS blocks for 30GHz (baseline)
	Scenario
	Urban Macro
	Indoor hotspot
	Dense Urban

	Antenna configuration (Mg,Ng,M,N,P)
	(1,1,4,8,2)
	(1,1,4,8,2)
	(1,1,4,8,2)

	Number of beams 
	16
	16
	TBD

	Beam directions (θ,φ)
	(102,-60)
(102,-42.86)
(102,-25.71)
(102,-8.57)
(102,8.57)
(102,25.71)
(102,42.86)
(102, 60)
(112,-60)
(112,-42.86)
(112,-25.71)
(112,-8.57)
(112,8.57)
(112,25.71)
(112,42.86)
(112, 60)
	(135,-180)
(165,-180)
(135, -135)
(165,-135)
(135,-90)
(165,-90)
(135, -45)
(165,-45)
(135,0)
(165,0)
(135, 45)
(165, 45)
(135,90)
(165,90)
(135, 135)
(165, 135)
	TBD



Table A-6: UE RX Beam shaping for SS blocks for 30GHz (option 3)
	Antenna configuration (Mg,Ng,M,N,P)
	(1,2,2,2,2)

	UE panel orientation
	For UE with (Mg, Ng) directional antenna panels.
- Introduce (Ωmg,ng, Θmg,ng) for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].


  - Config 1: (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0)
- UE orientation for mobile device (Ω0,0, Θ0,0)=(U(0,360), 90); 
- Each antenna array has shape dH=dV=0.5λ


	Number of beams
	4

	Beam directions (θ,φ)
	(-45,-45)
(45,-45)
(-45,45)
(45,45)
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