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1. Introduction
Coexistence study is needed in RAN4 to help determine appropriate RF parameters. The coexistence study for NR was discussed at RAN4#78b and RAN4#79 meetings. The related discussions focused on simulation methodology, scenarios and assumptions, etc. 
Based on these preliminary discussions, this contribution presents the evaluation results for NR coexistence study in urban macro scenario at 30 GHz carrier frequency.

2. Discussion
[bookmark: _Toc336211415][bookmark: _Toc346003824]2.1 Coexistence simulation case
The uplink NR eMBB is assumed under synchronized network where aggressor and victim have the same configuration.
Table 2.1-1 Simulation case of coexistence study for NR
	Cases
	Operation mode
	Aggressor
	Victim
	Direction

	1
	TDD
	UE of NR eMBB
	UE of NR eMBB
	Uplink


2.2 Cell layout
As is shown in Figure 2.2-1, the baseline network deployment consists 19 hexagonal sites (NodeBs), each of which is of 3 cells (sectors). In additional, uncoordinated macro deployment with wrap around is also deployed. The worst-case shift is considered, where the aggressive network’s sites are located at the victim network’s cell edge. The inter-site distance (ISD) is 500m.


Figure 2.2-1. Uncoordinated macro cellular deployment
2.3 Path loss models
[bookmark: _Toc346003825][bookmark: _Ref363806083][bookmark: _Ref363806159]The path loss models are taken from [1] and summarized in Table 2.3-1. The distance definitions are illustrated in Figure 2.3-1 and Figure 2.3-2. The shadow fading is log-normal distributed.

	

	


	Figure 2.3-1: Definition of d2D and d3D 
for outdoor UEs
	Figure 2.3-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that [image: ]



Table 2.3-1: Path loss models
	Scenario
	Path loss [dB], fc is in GHz and d is in meters 
	Shadow 
fading 
std [dB]
	Applicability range, 
antenna height 
default values 

	UMa LOS
	



	σSF=4.0


 σSF=4.0
	
10m < d2D < d'BP 1)

d'BP < d2D <5000m
1.5m ≦ hUT≦ 22.5m
hBS = 25 m


	UMa NLOS
	




	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m
hBS = 25 m
Explanations: see note 3

	
	
Optional 
	σSF =7.8
	

	Note 1:	d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0108 m/s is the propagation velocity in free space, and h'BS and h'UT are the effective antenna heights at the BS and the UT, respectively. In UMi scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – 1.0 m, h'UT = hUT–1.0 m, where hBS and hUT are the actual antenna heights, and the effective environment height is assumed to be equal to 1.0 m. In UMa scenario the effective antenna heights h'BS and h'UT are computed as follows: h'BS = hBS – hE, h'UT = hUT – hE, where hBS and hUT are the actual antenna heights, and the effective environment height hE is a function of the link between a BS and a UT. In the event that the link is determined to be LOS, hE=1m with a probability equal to 1/(1+C(d2D, hUT)) and chosen from a discrete uniform distribution uniform(12,15,…,(hUT-1.5)) otherwise. 
Note 2:	The applicable frequency range of the PL formula in this table is 0.8 < fc < fH GHz, where  fH = 100 GHz. 
Note 3:	UMa NLOS path loss is from TR36.873 with simplified format and and PLUMa-LOS = Path loss of UMa LOS outdoor scenario..
Note 4:	fc denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



2.4 Array antenna model
[bookmark: _Toc346003828]The array antenna model (including beamforming) is based on [2] and [3]. As is shown in Figure 2.4-1, a planar uniform rectangular array (URA) is considered for modelling AAS with multiple columns, where  is the elevation angle (defined between 0° and 180°) and  is the azimuth angle (defined between -180° and 180°). The number of horizontal and vertical antenna elements are  and , respectively. The element pattern and the composite antenna pattern are presented in Table 2.4-1.
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[bookmark: _Toc433195030]Figure 2.4-1: Geometry distribution of AAS with multiple columns array
Table 2.4-1: Antenna pattern
(a) Element pattern for antenna array model
	Horizontal Radiation Pattern
	


	Horizontal 3dB bandwidth of single element / deg
	65º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
	
,  SLAv =30 dB

	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern
	


	Element Gain without antenna losses
	GE,max= 8 dBi*



(b) Composite antenna pattern for BS and UE beamforming
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	For beam i:


the super position vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	[bookmark: OLE_LINK15]BS:16×16; UE: 4×4

	Horizontal radiating element spacing 
	0.5

	Vertical radiating element spacing
	0.9

	Down-tilt angle (deg)
	0 degrees


2.5 Uplink power control
In [4], the following power control equation is used for the uplink coexistence simulations:       


where Pmax is the maximum transmit power, Rmin is the minimum power reduction, CL is the coupling loss, CLx-ile is the x-percentile CL value, and 0<<=1 is the balancing factor. The parameter set for power control used in simulation is listed below.
[bookmark: _Ref321985177]Table 2.5-1: Uplink power control parameter for NR coexistence
	Parameter set
	Gamma
	CLx-ile

	
	
	200 MHz bandwidth

	Set 1
	1
	100 dB


2.6	Other assumptions and parameters
Some other simulation assumptions and parameter are listed in Table 2.6-1:

Table 2.6-1: Other simulation assumptions and parameters
	Scenario
	Urban Macro 

	Carrier frequency
	30 GHz

	Channel bandwidth
	200 MHz

	Carrier spacing/TTI
	75 kHz/0.2 ms

	SINR to throughput mapping
	Use scaled Shannon’s formula in [4]

	ACI leakage model
	Flat ACIR

	Total number of UEs for each network
	57

	Traffic
	Full buffer

	Handover margin 
	0 dB

	Shadowing correlation
	Inter-site: 0.5; Intra-site: 1.0

	Transmit power
	BS: 43 dBm; UE: 23 dBm

	Antenna height
	BS: 25 m; UE: 1.5 m










3. Simulation results 
3.1 BS-side beamforming without UE-side beamforming
The results of mean throughput loss compared to no-ACI case with only BS-side beamforming implemented are given below (due to the deep fading in this case, the result of 5%-tile is neglected).
Table 3.1-1: UL Throughput loss with BS-side beamforming
	ACIR
	5 dB
	10 dB
	15 dB
	20 dB
	25 dB
	30 dB

	Mean (%)
	17.15
	8.91
	4.29
	1.93
	0.81
	0.32



[image: ]
Figure 3.1-1: Mean UL throughput loss
3.2 Both BS-side and UE-side beamforming
The results of mean and 5%-tile throughput losses compared to no-ACI with both BS-side and UE-side beamforming implemented are given below.
Table 3.2-1: UL Throughput loss with both BS-side and UE-side beamforming
	ACIR
	5 dB
	10 dB
	15 dB
	20 dB
	25 dB
	30 dB

	Mean (%)
	11.74
	5.91
	2.78
	1.23
	0.50
	0.19

	5%-tile (%)
	39.41
	21.36
	7.94
	1.55
	0.40
	0.01


[image: ]
Figure 3.2-1: Mean and 5%-tile UL throughput losses
It is observed that the mean and 5%-tile throughput losses are severe when ACIR is no more than 15 dB and 20 dB, respectively. This requirement is lower than that in radio wave band (below 6 GHz) [4] due to the deep fading and the use of beamforming.
In fact, the beamforming modeling, including the type of antenna array, the number of antenna elements, beamforming pattern, the number of beams, etc., has a great impact on the throughput performance in NR coexistence study, which should be further studied.
Observation 1: The requirement for ACIR in NR mmWave band under urban macro scenario is lower than that in radio wave band (below 6 GHz).
Proposal 1: Beamforming modeling for NR existence study should be further studied.
4. Conclusion
This proposal presents the evaluation performance for coexistence study in urban macro scenario at 30 GHz carrier frequency. In particular, we have one proposal and one observation:
Observation 1: The requirement for ACIR in NR mmWave band under urban macro scenario is lower than that in radio wave band (below 6 GHz).
Proposal 1: Beamforming modeling for NR existence study should be further studied.
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