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1 Introduction
The NR co-existence simulation has been extensively discussed in RAN4 #79 meeting, and the WF on WP 5D co-existence simulation assumptions was approved in [1]. To align companies’ views on the detailed simulation setting, there are some issues to be further discussed in this meeting. In this paper, our considerations on deployment scenarios, channel and beamforming modeling are provided.
2 Discussion

2.1  Deployment scenarios 
Based on the agreement in [1], the deployment scenarios for co-existence at least include indoor hotspot, urban macro and dense urban.

2.1.1  Indoor hotspot
The indoor hotspot deployment scenario focuses on small coverage per site and high user throughput in buildings. Details on indoor hotspot scenarios are given in TR 36.900. We list the key evaluation parameters and the layout in Table 2‑1 and Figure 2‑1 respectively.

Table 2‑1: Evaluation parameters for indoor hotspot scenarios
	Parameters
	Indoor hotspot

	Carrier frequency
	30GHz or 70GHz

	Cell layout
	120mx50mx3m (Figure 1)

	ISD
	20m

	LOS/NOS
	LOS and NLOS

	BS antenna height (hBS)
	3 m (ceiling)

	Height (hUT)
	1.0 m

	Min. BS - UE distance (2D)
	0

	UE distribution (horizontal)
	Uniform
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Figure 2‑1: Layout of indoor hotspot scenarios
2.1.2  Urban macro
The urban macro deployment scenario focuses on large cells and continuous coverage. Based on TR 38.900, the key evaluation parameters are listed in Table 2‑2. The cell layout defined in TR 36.942 can be used for urban macro scenarios, and the single operator layout in TR 36.942 is shown in Figure 2-2.
Table 2‑2: Evaluation parameters for urban macro scenarios

	Parameters
	Urban Macro

	Carrier frequency
	30GHz or 70GHz

	Cell layout
	Hexagonal grid, 19 macro sites, 3sectors (Figure 2)

	ISD
	500m

	BS antenna height (hBS)
	25 m

	Outdoor/indoor
	Outdoor and indoor

	Indoor UE ratio
	80%

	Height (hUT)
	Same as 3D-UMa in TR 36.873 [6]

	Min. BS - UE distance (2D)
	35m

	UE distribution (horizontal)
	Uniform
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Figure 2‑2: Single operator cell layout from TR 36.942
2.1.3  Dense urban
In TR 38.913, dense urban scenarios are defined to focus on macro TRPs (transmission and reception point) with or without micro [2] [3]. Here the layout of macro TRPs with micro has two layers, while macro TRPs without micro has one layer. Compared with single-layer layout, adopting two-layer layout would complicate the simulation process. Moreover, the coexistence results with two-layer layout will be impacted by several additional factors, such as the distribution of micro TRPs and the cell selection between two carrier frequencies, etc. 
Observation 1: If two-layer layout is adopted for dense urban scenarios, the simulation process is more complicated, and the coexistence results will be impacted by several additional factors.

Therefore, we propose to prioritize the single-layer layout for dense urban scenarios, and the evaluation parameters for UMi-street canyon from TR 38.900 can be applied. The details of parameters are listed in Table 2‑3 and the cell layout is the same as that shown in Figure 2‑2.
Table 2‑3: Evaluation parameters for dense urban scenarios

	Parameters
	Dense Urban

	Carrier frequency
	30GHz or 70GHz

	Cell layout
	Hexagonal grid, 19 macro sites, 3sectors (Figure 2)

	ISD
	200m

	BS antenna height (hBS)
	10 m

	Outdoor/indoor
	Outdoor and indoor

	Indoor UE ratio
	80%

	Height (hUT)
	Same as 3D-UMa in TR 36.873 [6]

	Min. BS - UE distance (2D)
	10m

	UE distribution (horizontal)
	Uniform


Proposal 1: For dense urban scenarios, single-layer layout without micro is prioritized, and two-layer layout with micro is optional.

2.2  Channel modelling
2.2.1  Pathloss modelling
From the discussion on the deployment scenarios, we can see that the range of UE height is 1.5 m to 22.5 m, and UE can be located in both outdoor and indoor. Thus the 3D distance definitions from TR 38.900, as illustrated in Figure 2‑3 and Figure 2‑4, can be applied for deriving pathloss.
Proposal 2: Use 3D distance for deriving pathloss.
For the pathloss model, it is agreed to follow RAN1 channel modelling SI [1]. Therefore, the TR 38.900 pathloss models for UMa, UMi-Street Canyon and InH-office, which are to be used in urban macro, dense urban and indoor hotspot scenarios respectively, are summarized in Table 2‑4.
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	Figure 2‑3: Definition of d2D and d3D 
for outdoor UEs
	Figure 2‑4: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 
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Table 2‑4: Pathloss models
	Scenario
	Pathloss [dB], fc is in GHz and d is in meters (6)
	Shadow 

fading 

std [dB]
	Applicability range, 

antenna height 

default values 

	UMa LOS
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	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
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	σSF =6
	10 m < d2D < 5 000 m
1.5 m ≦ hUT ≦ 22.5 m

hBS = 25 m
Explanations: see note 3

	
	Optional 
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	UMi - Street Canyon
LOS
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	σSF=4.0

 σSF=4.0
	10m < d2D < d'BP 1)
d'BP < d2D <5000m

1.5m ≦ hUT≦ 22.5m

hBS = 10 m

	UMi – Street Canyon NLOS
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	σSF=7.82
	10 m < d2D < 5000m
1.5m ≦ hUT≦ 22.5m

hBS = 10 m 
Explanations: see note 4

	
	 Optional 
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	InH - Office LOS
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	1<d3D<100m

	InH - Office NLOS
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	Note 1:
d'BP  = 4 h'BS h'UT fc/c, where fc is the centre frequency in Hz, c = 3.0(108 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 = 30 GHz for RMa and fH = 100 GHz for all the other scenarios. It is noted that RMa pathloss model for >7 GHz is validated based on a single measurement campaign conducted at 24 GHz.
Note 3:
UMa NLOS pathloss is from TR36.873 with simplified format and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

Note 4:
PLUMi-LOS = Pathloss of  UMi-Street Canyon LOS outdoor scenario.

Note 5:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


The Line-Of-Sight (LOS) probabilities are given in Table 2‑5.

Table 2‑5: LOS probability
	Scenario
	LOS probability (distance is in meters)

	UMi – Street canyon
	Outdoor users:
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Indoor users:

Use d2D-out in the formula above instead of d2D



	UMa
	Outdoor users:
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where
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and
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Indoor users:

Use d2D-out in the formula above instead of d2D

	Indoor - office
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	Note: 
The LOS probability is derived with assuming antenna heights of 3m for indoor, 10m for UMi, and 25m for UMa


From the Note 2 in Table 4, we can see that the applicable frequency range of the pathloss formula is 0.8 < fc < 100 GHz for the UMa, UMi and Indoor scenarios. Meanwhile, the pathloss model from TR 36.942 has been widely used in the previous co-existence study for below 6 GHz. In Figure 2‑5, we compare the UMa pathloss based on the models in TR 38.900 and TR 36.942, where the BS-UE distance is 200 m. It is observed that there is an obvious gap between the pathloss calculated from the two models. Therefore, we have the following proposal for pathloss model:
Proposal 3: There are two options for pathloss model:
· Opt 1: Use the pathloss model in TR 36.900 for both below and above 6 GHz

· Op2: Use the pathloss model in TR 36.942 for below 6 GHz, and use the pathloss model in TR 38.900 for above 6 GHz. The gap between the two models needs to be carefully considered. 
[image: image25.emf]0 5 10 15 20 25 30

80

90

100

110

120

130

140

 

 

X: 6

Y: 109.2

Frequency(GHz)

dB

Pathloss(d=200m)

900 UMa LoS

900 UMa NLoS

900 UMa avg

942 UMa


Figure 2‑5: Pathloss based on 36.900 and 36.942 models, BS to UE distance is 200 m
2.2.2  Penetration loss
The penetration loss is applied in outdoor-to-indoor scenario. As seen from the deployment scenario in section 2.1, both outdoor and indoor UEs are considered for urban macro and dense urban, and thus penetration loss cannot be ignored for outdoor-to-indoor scenario, especially for high carrier frequency (e.g. 30GHz or 70GHz). 

Observation 2: The penetration loss should be modelled for urban macro and dense urban scenarios.
In TR 36.942, all the UEs are assumed in the outdoor for macro-cell. For micro-cell, the penetration loss for 2 GHz carrier frequency is given in the following propagation model 
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Observation 3: There is no separate penetration loss model in TR 36.942.
Therefore, it is proposed to use the following outdoor-to-indoor penetration loss modelled in TR 38.900 for NR co-existence study.
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where PLb is the basic outdoor path loss given in Section 2.2.1. PLtw is the building penetration loss through the external wall, PLin is the inside loss dependent on the depth into the building, and σP is the standard deviation for the penetration loss. 

PLtw is characterized as:
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 is an additional loss is added to the external wall loss to account for non-perpendicular incidence;
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, is the penetration loss of material i, example values of which can be found in Table 2‑6.

pi is proportion of i-th materials, where 
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and N is the number of materials.
Table 2‑6: Material penetration losses

	Material
	Penetration loss [dB]

	Standard multi-pane glass
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	IRR glass
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	Concrete
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	Wood
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	Note: 
f is in GHz


Table 2‑7 gives PLtw, PLin and σP for two outdoor-to-indoor penetration loss models. The penetration is UT-specifically generated, and is added to the SF realization in the log domain.

Table 2‑7: O-to-I penetration loss model

	 
	Path loss through external wall: [image: image37.png]


 [dB]
	Indoor loss: [image: image39.png]


 [dB]
	Standard deviation: σP  [dB]

	Low-loss model
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	0.5d2D-in
	4.4

	High-loss model
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	0.5d2D-in
	6.5


d2D-in is minimum of two independently generated uniformly distributed variables between 0 and 25 m for RMa, UMa and UMi-Street Canyon. d2D-in shall be UT-specifically generated. 
Both low-loss and high-loss models are applicable to UMa and UMi-Street Canyon.
Proposal 4: Use the outdoor-to-indoor penetration loss from TR 38.900 for both below and above 6 GHz.

2.2.3  Additional modelling 

There are also some additional modelling components such as oxygen absorption and blockage defined in TR 38.900. 
Based on the modelling in TR 38.900, we can calculate that the oxygen absorption loss is 0 dB for 30 GHz and 70 GHz. Moreover, the blockage modelling is an add-on feature to the channel model in TR 38.900. Therefore, considering the complexity of simulation, additional modelling for oxygen absorption and blockage is optional in the RAN4 NR co-existence.
Proposal 5: Additional modelling for oxygen absorption and blockage is optional.
2.3  Antenna and Beamforming modelling
2.3.1  Antenna array
As illustrated in Figure 2‑6 and Figure 2‑7, a planar uniform rectangular array (URA) antenna with 
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radiation elements is assumed at BS. The antenna elements are uniformly spaced in the horizontal direction with a spacing of dH and in the vertical direction with a spacing of dV. 
Cross-polarized antenna array in Figure 2-6 is much more widely deployed in practical considering the antenna size, and it is usually used in RAN1.
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Figure 2‑6: 2D planar antenna structure where each column is a cross-polarized array
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Figure 2‑7: 2D planar antenna structure where each column is a uniform linear array

Observation 4: Cross-polarized antenna array is much more widely used in practical considering the antenna size.
Proposal 6: Cross-polarized antenna array is given with high priority and the uniform linear antenna array is optional.
2.3.2  Beamforming modelling
According to the discussion in the last RAN4 meeting, beamforming modelling is agreed to be considered in the co-existence study for above 6 GHz. However, the beamforming based on the FD-MIMO scheme in [6, 7] seems to be too complicated for RAN4 NR co-existence study. Therefore, we propose to simplify the beamforming modelling in RAN4 NR co-existence study while the following key points should be considered.

· Beam width with different numbers of antenna elements
The number of elements in co-existence study has been agreed in [1], i.e., up to 256 at BS and 16 at UE for 30 GHz, up to 256 at BS and 32 at UE for 70 GHz. It is well known that the beam width decreases with the increment of beamforming antenna number. Therefore, for the beamforming modelling, the beam width should be calculated for different configurations of antenna number. 
Proposal 7: The bean width should be calculated for different configurations of antenna number.

· Radiation pattern in both horizontal and vertical domains
Based on the assumptions of 2D UE distribution and 2D planar antenna modelling, the radiation pattern of antenna array for NR co-existence study should include both horizontal and vertical domains. It means that the elevation angle and azimuth angle between BS and UE should be considered when calculating the beamforming gain.
In TR 38.900, radiation pattern of each antenna element is applied according to Table 2‑8, where 
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 is the elevation angle between 0° to 180° (90° represents perpendicular to the array antenna aperture) and 
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is the azimuth angle, defined between -180° and 180°.
Table 2‑8: Antenna radiation pattern

	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
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	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D antenna element pattern (dB)
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	Maximum directional gain of an antenna element GE,max
	8 dBi


Then the radiation pattern of antenna array can be given by the following equations from AAS TR in [8] with simplified format.
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where steering matrix components are given by
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and the weighting factor is given by
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Proposal 8: The radiation pattern of antenna array should include both horizontal and vertical domains.
· Beam direction switching between BSs and UEs
To simplify the beamforming process, we propose to assume perfect beam direction switching. As illustrated in Figure 2‑8, a UE is always in the main lobe of a beam transmitted from the serving BS with maximum beamforming gain for downlink, while the interference is limited since the UE is usually in the side lobe of the interfering BS. And the same beam direction switching method can be applied in the uplink. 
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Figure 2‑8: Example of beam direction in downlink
In order to describe it more clearly, as shown in Figure 2‑8, we assume the elevation and azimuth angles between UE1 and its serving eNB (i.e., eNB1) are 
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 respectively, and the elevation and azimuth angles between UE2 and its serving eNB (i.e., eNB2) are 
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 respectively. The angles between UE1 and eNB2 are 
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 respectively. Therefore, based on the perfect beam direction switching assumptions, the beamforming gain for UE1’s signals is 


[image: image61.wmf](

)

(

)

2

1111111110,,

11

,,10log

V

H

N

N

AEmnmn

mn

AAwv

θ

θ

==

éù

êú

=+×

êú

ëû

åå

jj


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (8)

where 
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The beamforming gain for UE1’s interference from eNB2 is 
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where 



[image: image65.wmf](

)

(

)

,121212

exp21cos(1)sin()sin()

1,2,...;1,2,;

V

H

mn

HV

d

d

vinm

mNnN

æö

æö

=×-××+-×××

ç÷

ç÷

èø

èø

==

K

pqqj

ll


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (12)



[image: image66.wmf](

)

(

)

,222222

1

exp21cos(1)sin()sin()

1,2,...;1,2,;

V

H

mn

HV

HV

d

d

winm

NN

mNnN

æö

æö

=×-××--×××

ç÷

ç÷

èø

èø

==

K

pqqj

ll


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (13)

In addition, for simplicity, we proposed not to consider the MU-MIMO modelling in beamforming modelling.
Proposal 9: Perfect direction switching is proposed to be applied in the beamforming modelling.

Proposal 10: Not to consider the MU-MIMO modelling in beamforming modelling.
3 Conclusion
In this paper, we discuss the deployment scenarios, channel and beamforming modelling for the NR co-existence study, and the following observations and proposals are provided:
Observation 1: If two-layer layout is adopted for dense urban scenarios, the simulation process is more complicated, and the coexistence results will be impacted by several additional factors.

Proposal 1: For dense urban scenarios, single-layer layout without micro is prioritized, and two-layer layout with micro is optional.

Proposal 2: Use 3D distance for deriving pathloss.
Proposal 3: There are two options for pathloss model:

· Opt 1: Use the pathloss model in TR 36.900 for both below and above 6 GHz

· Op2: Use the pathloss model in TR 36.942 for below 6 GHz, and use the pathloss model in TR 38.900 for above 6 GHz. The gap between the two models needs to be carefully considered. 
Observation 2: The penetration loss should be modelled for urban macro and dense urban scenarios.
Observation 3: There is no separate penetration loss model in TR 36.942.
Proposal 4: Use the outdoor-to-indoor penetration loss from TR 38.900 for both below and above 6 GHz.

Proposal 5: Additional modelling for oxygen absorption and blockage is optional.
Observation 4: Cross-polarized antenna array is much more widely used in practical considering the antenna size.

Proposal 6: Cross-polarized antenna array is given with high priority and the uniform linear antenna array is optional.
Proposal 7: The bean width should be calculated for different configurations of antenna number.

Proposal 8: The radiation pattern of antenna array should include both horizontal and vertical domains.
Proposal 9: Perfect direction switching is proposed to be applied in the beamforming modelling.

Proposal 10: Not to consider the MU-MIMO modelling in beamforming modelling.
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