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1 Introduction
Discussion on coexistence study for NR was kicked off in last RAN4 meetings. Views on how RAN4 should carry out the 5G coexistence study was provided in [1], which includes methodology, scenarios and assumptions, etc. This contribution provides corresponding text proposals on NR co-existence study.
References
[1] R4-162374, General views on 5G coexistence study, Huawei, Hisilicon
Text Proposal
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2 Co-existence study
2.1 Co-existence simulation scenario
Editor’s note: intended to capture specific scenarios such as operation system (eMBB, Massive MTC etc) systems in terms of aggressor system, victim system and their directions
In terms of the detailed coexistence scenarios, the following two seem most straightforward as they address the inter-operator coexistence:

1)
Coexistence in the same geographical area with GSM/UMTS/LTE on adjacent channels.

2)
Coexistence in the same geographical area between two NR systems on adjacent channels

It is well known that the three typical use cases for NR are

-
eMBB (enhanced Mobile Broadband)

-
mMTC (massive Machine Type Communications)

-
URLLC (Ultra-Reliable and Low Latency Communications)

Based on the previous experience on RF coexistence, there does not seem to be a strong need for conducting coexistence study for all the three above cases as long as both BSs and UEs share similar RF requirements such as TX power, ACLR, ACS/blocking, etc. For instance, when MTC was introduced for LTE, there was no coexistence study performed. In addition, deployment scenarios for mMTC and URLLC need further study. For the time being, it seems reasonable to focus the initial coexistence study on the eMBB use case. If the need for other cases arises later on, we can add additional study.

For the eMBB case, there are currently 5 deployment scenarios under discussion in [3], i.e. indoor hotspot, dense urban, rural, urban macro and high speed. 
Besides the inter-operator coexistence, it is worth discussing the intra-operator coexistence. For example, there could be commercial interest from operators to allow the support in a single continuous block of spectrum all three services, which will use different numerologies and couldn’t guarantee orthorgnality. In this case, how to minimize the guard band between two adjacent services while ensuring good performance of each service, i.e. without severe interference from neighboring services becomes critical. In the ongoing NB-IoT work, similar analysis is being performed for the in-band and guard band coexistence cases.
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Among the 5 eMBB deployment scenarios, indoor hotspot, urban macro and dense urban scenarios are mainly considered for co-existence study. The detailed scenario descriptions are listed in the following .

Urban macro 

Details on Urban macro scenarios are listed in the Table 5.1-1.
Table 5.1-1 Evaluation parameters for UMa scenarios

	Parameters
	UMa

	Cell Layout
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

	BS antenna height (hBS)
	25m

	UE location
	Outdoor/indoor
	Outdoor and indoor

	
	LOS/NLOS
	LOS and NLOS

	
	Height (hUE)
	Same as 3D-Uma in TR 36.873

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

	UE distribution (horizontal)
	Uniform


Indoor office
Details on indoor-office scenarios are listed in the Table 5.1-2 and in the Figure 5.1-1.

Table 5.1-2 Evaluation parameters for Indoor hotspot scenarios
	Parameters
	Indoor hotspot
open office

	Layout
	Room size (WxLxH)
	120mx50mx3m

	
	ISD
	20m

	BS antenna height (hBS)
	3 m (ceiling)

	UE location
	LOS/NLOS
	LOS and NLOS

	
	Height (hUE)
	1.0 m

	Min. BS - UE distance (2D)
	0

	UE distribution (horizontal)
	Uniform
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Figure 5.1-1: Layout of indoor hotspot scenarios.
Dense Urban

Details on Dense Urban scenarios are listed in the Table 5.1-3 and in the Figure 5.1-2.

Table 5.1-3 Evaluation parameters for Dense urban scenarios
	Parameters
	Dense urban Outdoor

	Layout
	Pico Radius
	[25m]

	
	Min dis of Picos
	57.9m

	BS antenna height (hBS)
	10m

	UE location
	LOS/NLOS
	LOS and NLOS

	
	Height (hUE)
	1.5 m

	Min. BS - UE distance (2D)
	0

	UE distribution (horizontal)
	Uniform
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Figure 5.1-2: Layout of indoor hotspot scenarios
2.2 Co-existence simulation assumption
Editor’s note: intended to capture specific simulation parameters such as frequencies, antenna pattern cell layouts and so on.
2.2.1 Channel bandwidth

For below 6GHz, 20MHz for single carrier and [40MHz to 100MHz] for CA are assumed as a starting point. 
For above 6GHz, 200MHz is assumed as starting point for 30GHz and 70GHz.
2.2.2 Antenna model

Antenna radiation pattern of each antenna element is generated according to Table 5.2.2-1.
Table 5.2.2-1: 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


2.2.3 Propagation model 

For below 6GHz, we can refer to the existing model in [4] or [5], depending on the scenarios and carrier frequency. 

For above 6GHz, the propagation models are listed by following Pathloss, Los probability and penetration modelling in [6]. 

2.2.3.1 Pathloss models
The pathloss models are summarized in Table 5.2.3.1-1 and the distance definitions are indicated in Figure 5.2.3.1-1 and Figure 5.2.3.1-2. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 5.2.3.1-1. 
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	Figure 5.2.3.1-1: Definition of d2D and d3D 
for outdoor UEs
	Figure 5.2.3.1-2: Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 
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Table 5.1.2.3-1: 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 

	RMa LOS
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	10 m < d2D < dBP (5)
dBP < d2D < 10 000 m,
hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m

h = avg. building height

W = avg. street width

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	RMa NLOS
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	10 m < d2D < 5 000 m,


hBS = 35 m, hUT = 1.5 m,
W = 20 m, h = 5 m

h = avg. building height

W = avg. street width

The applicability ranges:
5 m < h < 50 m
5 m < W < 50 m 
10 m < hBS < 150 m 
1 m < hUT < 10 m

	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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	σSF =7.8
	

	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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	σSF=8.2
	

	InH - Office LOS
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	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
	
[image: image28.wmf])

,

max(

NLOS

InH

LOS

InH

-

-

=

PL

PL

PL



[image: image29.wmf](

)

(

)

c

D

f

d

10

3

10

NLOS

-

InH

log

9

.

24

30

.

17

log

3

.

38

PL

+

+

=


	σSF=8.03
	1<d3D<86m

	
	 Optional 
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	σSF=8.29
	1< d3D <86m

	InH - Shopping mall
LOS
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	σSF=2.0
	1<d3D<150m

	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 formatand and PLUMa-LOS = Pathloss of UMa LOS outdoor scenario.

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

Note 5:
Break point distance dBP  = 2π hBS hUT fc/c, where fc is the centre frequency in Hz, c = 3.0 ( 108 m/s is the propagation velocity in free space, and hBS and hUT are the antenna heights at the BS and the UT, respectively.
Note 6:
fc  denotes the center frequency normalized by 1GHz, all distance related values are normalized by 1m, unless it is stated otherwise.


2.2.3.2 LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 5.2.3.2-1.
Table 5.2.3.2-1 LOS probability
	Scenario
	LOS probability (distance is in meters)

	RMa
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	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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Indoor users:
Use d2D-out in the formula above instead of d2D

	Indoor - Mixed office
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	Indoor – Open 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


2.2.3.3 O-to-I penetration loss

The pathloss incorporating O-to-I building penetration loss is modelled as in the following:
PL = PLb + PLtw + PLin + N(0, σP2)
where PLb is the basic outdoor path loss given in Section 5.2.3.1. 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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[image: image40.wmf]npi
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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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pi is proportion of i-th materials, where 
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Table 5.2.3.3-1 Material penetration losses

	Material
	Penetration loss [dB]

	Standard multi-pane glass
	[image: image43.png]Lojgss =2+02-f





	IRR glass
	[image: image44.png]LiRRelass = 23 +0.3- f





	Concrete
	[image: image45.png]+4-f





	Wood
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	Note: 
f is in GHz


Table 5.1.2.3-4 gives PLtw, PLin and σP  for two O-to-I penetration loss models. The O-to-I penetration is UT-specifically generated, and is added to the SF realization in the log domain.
Table 5.2.3.3-2 O-to-I penetration loss model

	 
	Path loss through external wall: [image: image48.png]


 [dB]
	Indoor loss: [image: image50.png]


 [dB]
	Standard deviation: σP  [dB]

	Low-loss model
	[image: image52.png]5 — 10logyo(0.3 - 107 eiess/10 4 0.7 . 10~ Lconcrete/10)





	0.5d2D-in
	4.4

	High-loss model
	[image: image53.png]5 — 10logo(0.7 - 107 MRReless/10 4 3. 10~ Lconcrete/10)





	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. 
Only the low-loss model is applicable to RMa. 

2.2.4 The number of TRXs
This could be the number of TRXs, or antenna elements, or digital antenna ports, depending on the context of discussion. Note that there may not be one-to-one mapping among the three terms. While in previous LTE/LTE-A coexistence study, there is only 1TX assumed for both BS and UE; for NR the starting point for the discussion on the number of antenna elements is as follows:

· ~30 GHz & 70 GHz

· NB: Up to 1024 Tx and Rx antenna elements

· UE: Up to 32 Tx and Rx antenna elements

· ~4 GHz

· NB: Up to 256 Tx and Rx antenna elements

· UE: Up to 8 Tx and Rx antenna elements

· Sub 1 GHz

· NB: Up to 64 Tx and Rx antenna elements

· UE: Up to 4 Tx and Rx antenna elements

Although the exact number is yet to be agreed due to concerns expressed on the resulting array size and thus its feasibility in the implementation and deployment, it is pretty clear that we are going to deal with a significant increase of TRXs in order to meet the 5G SE requirement. Thus how to model such a large number of TRXs in the coexistence study needs to be carefully considered to strike a balance between accurate modeling of the 5G system and some sort of simplification of the simulation to avoid overly complicating the simulation efforts.

2.2.5 Power control

As with previous coexistence study, power control plays a very important role in the coexistence simulation. As RAN1 may take quite some time to get to the discussion of power control and there may not be a final conclusion in the SI phase, one option we could consider without having to wait is to use the existing power control scheme in [4] as a starting point.

2.2.6 Beamforming model
The beamforming model is based on the following antenna model antenna illustrated in Figure 5.2.6-1. 
[image: image54.png]



Figure 5.2.6-1 Antenna Model Geometry: 
[image: image55.wmf]q

: elevation, range from -90 to 90 degree
 
[image: image56.wmf]j

: Azimuth, range from -180 to 180 degree
2.2.6.1 Element pattern
Table 5.2.6.1-1 Element pattern for antenna array model

	Horizontal Radiation Pattern
	
[image: image57.wmf](
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	Horizontal 3dB bandwidth of single element / deg (
[image: image58.wmf]dB
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j

)
	65°for single column, 80°for multi column in urban macro scenario

FFS for indoor and dense urban

	Front-to-back ratio: Am and SLAv
	30dB for urban macro

25dB for indoor hotspot and dense urban

	Vertical Pattern  method
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	Vertical 3dB bandwidth of single element / deg (
[image: image60.wmf]dB
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q

)
	65°for urban macro scenario

FFS for indoor and dense urban

	Single element Pattern
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	Element Gain without antenna losses
	9.8dBi (including 1.8dB cable loss)

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


2.2.6.2 Composite antenna pattern
Table 5.2.6.2-1 Composite antenna pattern for BS and UE beam forming

	Configuration
	Multiple columns (NVxNH elements)

	Composite Array radiation pattern in dB 
[image: image62.wmf](
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	For beam i:
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the super position vector is given by:
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the weighting is given by:
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	Antenna array configuration (Row×Column)
	1024 for BS

16 for UE in 30GHz

32 for UE in 70GHz

	Horizontal radiating element spacing d/lambda
	0.5

	Vertical radiating element spacing d/lambda
	0.5

	Down-tilt angle (deg)
	UE specific


2.2.7 ACLR/ACS model
It is assumed that both ACLR (or the adjacent channel interference) and ACS are flat in both space and frequency.
2.2.8 General assumptions for calibration
The general simulation assumptions are shown in the following table according to the table 7.8-1 in [6]. The parameters which are not related to MoteCarlo static simulation were removed such as fast fading channel configuration and the simulation for calibration are mainly focused on high frequency of 30GHz and 70GHz.

Table 5.2.8-1: General simulation assumptions for calibration
	Parameter
	Values

	Scenarios 
	UMa, Indoor-office, dense urban

	Sectorization
	3 sectors per cell site: 30, 150 and 270 degrees
[image: image66.png]90 deg
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	BS antenna configurations
	Mg = Ng = 1; (M,N,P) = (10,1,1), dV = 0.5lambda 

	BS port mapping
	The 10 elements are mapped to a single CRS port

	BS antenna electrical downtilting
	102 degrees for UMa
110 degrees for indoor
[FFS] for dense urban

	Antenna virtualization
	according to TR 37.842 with application of panning and tilting angles

	BS Tx power
	43 dBm at 30GHz and 70 GHz for UMa
23 dBm at 30GHz and 70 GHz for Indoor
33 dBm at 30GHz and 70 GHz for dense urban

	Bandwidth
	200MHz for 30Ghz and 70 GHz 

	MS antenna configurations
	1 element, Omnidirectional

	Handover margin (for calibration)
	3dB

	UE distribution 
	Following TR36.873 for UMa and UMi, (3D dropping)

uniform dropping for indoor with minimum distance (2D) of 0 m

	UE attachment
	Based on pathloss considering LOS angle

	UE noise figure
	13 dB

	O2I penetration loss
	50% low loss and 50% high loss



	Carrier Frequency
	30 GHz, 70GHz

	Wrapping method for UMa and UMi
	geographical distance based wrapping (mandatory)

radio distance (optional)

	Metrics
	1) Coupling loss – for serving cell (based on LOS angle pathloss)


2.3 Co-existence simulation methodology
Editor’s note: intended to capture specific simulation methodology. How to handle even wider channel bandwidths for NR than those for LTE-A, different RF parameters such as [TRP or EIRP or others] etc. is captured.

When 3G and 4G were introduced, the coexistence methodology used was Monte-Carlo snapshot based simulation [4]. For NR co-existence study, the same methodology can be re-used. 
<End of TP>
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