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1.Introduction

Coexistence study of new radio (NR) access technology is essential to determine appropriate RF parameters. This topic was discussed previously in RAN4#78b and RAN4#79 meetings, specifically, some agreed simulation assumptions were made in [1, 2]. Based on those assumptions, this contribution presents simulation evaluation results of NR coexistence study in dense urban scenario. The results illustrate the impact of beamforming on ACIR requirement.  

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
	Case
	Operation mode
	Aggressor
	Victim
	Direction

	1
	TDD
	UE of NR eMBB
	UE of NR eMBB
	Uplink


2.2	Cell layouts
· 2.2.1 NodeB
As shown in Fig. 2.1-1, the network deployment is 19 hexagonal sites (NodeBs), each of which is of 3 sectors. In addition, heterogeneous network deployment with wrap around is also implemented.Uncoordinated macro cellular deployment is assumed.The inter-site distance (ISD) is 500 m. 
· 2.2.2 Micro Base Station (BS)
In each sector, 3 micro BSs are randomly dropped with minimum distance 32 m. 
[image: ]
Figure 2.2-1: Uncoordinated dense urban cellular deployment.
2.2.3 Aggressor Network

NodeBs and micro BSs in the aggressor network are shifted leftward 288.7 m, which is the radius of a cell. 
2.3	Pathloss models [3]
[bookmark: _Toc346003825]The pathloss model for dense urban are summarized in Table 2.3-1 and the distance definitions are indicated in Figure 2.3-1 and Figure 2.3-2. Distribution of shadow fading is log-normal, and its standard deviation for each scenario is given in Table 2.3-1.
[bookmark: _Ref363806083][bookmark: _Ref363806159]
	

	


	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 



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

	Dense Urban LOS
	

	σSF=4.0
	10m <d3D<d'BP1)
1.5m ≦hUT≦ 22.5m
hBS= 25 m

	
	

	σSF=4.0
	d'BP<d3D<5000m
1.5m ≦hUT≦ 22.5m
hBS= 25 m

	Dense Urban NLOS
	

	σSF =6
	10 m <d3D< 5 000 m
1.5 m ≦hUT≦ 22.5 m
hBS= 25 m


	Dense Urban PL
	

	
	

	Note 1:	d'BP= 4 h'BSh'UTfc/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 Dense Urban 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<100GHz.
Note 3:	Dense Urban NLOS pathloss is the same with Urban Macro in TR36.873 with simplified format.
Note 4:	fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.



[bookmark: _Toc346003826]2.4	Antenna Gain[4] 
· 2.4.1 NodeB 
[bookmark: _Toc346003828]The beamforming antenna is based on an antenna array and consists of a number of identical radiating elements located in the yz-plane with a fixed separation distance (e.g. /2), all elements having identical radiation patterns and “pointing” (having maximum directivity) along the x-axis. A weighting function is used to direct the beam in other directions. Total antenna gain is the sum (logarithmic scale) of the array gain and the element gain. Such a model is described in 3GPP TR 37.842 as follows.


The Advanced Antenna System (AAS) antenna array model is determined by array element pattern, array factor and signals applied to the system. The element pattern and composite antenna pattern are in the following sections. The anddefinition is based on the coordinate system in Section 5.4.4 .1 of 3GPP TR 37.840 and are illustrated in Figure 2.4-1.
[image: ]


[bookmark: _Toc433195030]Figure 2.4-1: Antenna Model Geometry: : elevation, range from -90 to 90 degree
: Azimuth, range from -180 to 180 degree.
The element pattern and the composite antenna pattern are given in Section 5.3.3 of 3GPP TR 37.842 and are provided Table 2.4-1.
Table 2.4-1: Antenna pattern
(a) Element pattern for antenna array model
	Horizontal Radiation Pattern
	


	Horizontal 3dB bandwidth of single element / deg
	80º

	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= 7.5 dBi

	Note: *GE,max is obtained from TR37.840 Table 5.4.4.2.1-1.



(b) Composite antenna pattern for NodeB beam forming
	Configuration
	Multiple columns (NVxNH elements)

	
Composite Array radiation pattern in dB 
	For beam i:


the superposition vector is given by:


the weighting is given by:



	Antenna array configuration (Row×Column)
	16×16

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	0 degrees



· 2.4.2 Micro BS
Micro BSs are assumed to have 1 omnidirectional antenna, with constant antenna gain equal to 6 dBi.
· 2.4.3 UE
UEs are assumed to have 4×4 antennas, with 0 dB element antenna gain.  
2.5	Uplink Power control modelling [5]

In 3GPP TR 36.942, 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 ratio to prevent UEs with good channels to transmit at very low power level, CL is the coupling loss defined as max{path loss-G_Tx-G_Rx, MCL}, where path loss is propagation loss plus shadow fading, G_TX is the transmitter antenna gain in the direction of the receiver, G_RX is the receiver antenna gain in the direction of the transmitter and CLx-ile is the x-percentile CL value. With this power control equation, the x percent of UEs that have the highest coupling loss will transmit at Pmax. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel.
The parameter sets for power control are listed below.
[bookmark: _Ref321985207][bookmark: _Ref321985177]Table 2.5-1: Power control algorithm parameter (for 30 GHz carrier frequency)
	Parameter set
	Gamma
	CLx-ile 200 MHz bandwidth

	Set 1
	1
	100



2.6	Other simulation assumptions and parameters 
Other simulation assumptions and parameter are summarized in Table 2.6-1 below:
Table 2.6-1: Simulation assumptions and parameters
	Parameter
	Value

	Methodology
	Static Monte Carlo simulation

	Deployment scenario
	Dense Urban  

	Carrier frequency
	30 GHz

	Channel Bandwidth
	200 MHz

	Carrier Spacing/TTI 
	75 KHz/0.2 ms

	NodeB antenna element
	Use Table 2.4-1 (a).

	NodeB Beamforming
	16x16 antenna elements, use Table 2.4-1 (b).

	Micro BS antenna
	1 Omnidirectional antenna with constant antenna gain 6 dBi. 

	UE antenna element
	omnidirectional with 0 dB gain

	UE Beamforming
	4x4 antenna elements, use Table 2.4-1 (b).

	SINR to throughput  mapping
	Adopt scaled Shannon's formula in TR 36.942.

	Co-existence scenario in terms of interference 
	UL to UL

	Traffic
	Full buffer

	ACI leakage model
	Flat ACLR

	Performance metric
	Throughput degradation compared to single operator case, i.e. no ACI. Both mean and 5%-tile are considered.

	Shadowing Correlation 
	Between cells: 0.5, between sectors: 1.0

	Standard Deviation of Shadow Fading
	7.82

	MCL
	50 dB

	Antenna Height
	BS:10 m, UE: 1.5 m 

	Transmit Power
	BS: 43 dBm, UE: 23 dBm



3.	Simulation results
3.1 Mean UE Throughput
[bookmark: _GoBack]The results of mean throughput losses compared to no-ACI case in 30 GHz carrier frequency are given below. Three simulation cases are: without beamforming (wo BF), with beamforming at NodeB only (BF at NodeB), and with beamforming at both NodeB and UE (BF at NodeB and UE).
Table 3.1-1: Mean UE throughput results
	Case
	5 dB
	10dB
	15dB
	20dB
	25dB
	30dB
	35dB

	wo BF
	37.7
	22.5
	12.3
	6.4
	3.3
	1.7
	0.8

	BF at NodeB 
	31.2
	18.5
	10.2
	5.5
	2.9
	1.5
	0.7

	BF at NodeB and UE
	26.1
	14.6
	7.8
	4.1
	2.2
	1.1
	0.5



[image: ] 
Fig. 3.1-1: Mean UE throughput loss.
From Fig. 3.1-1, it is observed that to guarantee a mean throughput loss no more than 5%, ACIR should be no less than 22.5 dB, 20.5 dB, 18 dB for woBF, BF at NodeB, and BF at NodeB and UE, respectively. In addition, by conducting beamforming at BS side or both BS/UE sides, the ACIR requirement can be significantly relaxed since the useful signal strength is enhanced.
Observation 1: Beamforming can effectively relax the ACIR requirement.
3.2 5%-tile Edge UE Throughput
The results of 5%-tile throughput losses compared to no-ACI case in 30 GHz carrier frequency are given below. Note that for the cases wo BF and BF at NodeB, 5%-tile edge UE throughput is always zero due to large path loss. 
Table 3.2-1: 5%-tile edge UE throughput results 
	Case
	5 dB
	10dB
	15dB
	20dB
	25dB
	30dB
	35dB

	BF at NodeB and UE
	75.8
	53.8
	32.3
	18.3
	8.1
	4.0
	0.7


[image: ] 
Fig. 3.2-1: 5%-tile edge UE throughput loss.
From Fig. 3.2-1, the required ACIR to guarantee a 5% or less throughput loss in this case is around 28 dB. This is 10 dB higher than that required when mean UE throughput loss is concerned. The main reason is that the received SNR of those 5% edge UEs is low, and the effect of adjacent channel interference becomes more obvious. 
Observation 2: Adjacent channel interference has a much severer impact on edge UEs than center UEs. 
 4.Conslusion
This document presents simulation evaluations for coexistence study in dense urban scenario. Based on the  analysis of throughput loss versus ACIR results, we obtain the following observations. 
Observation 1: Beamforming can effectively relax the ACIR requirement.
Observation 2: Adjacent channel interference has a much severer impact on edge UEs than center UEs. 
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