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1 Introduction
In RAN4#83, we presented a paper[2] on planning for system level simulations. A way forward was also agreed [1] with the following outcome for system simulations

	Option 1 : System level simulations are used to study suitable requirements for sub 6GHz and >6GHz frequency ranges

Option 2 : System level simulations are used to study suitable requirements for >6GHz frequency range only

Note : System simulation assumptions for >6Ghz do not depend on which option is chosen
· Scenarios will be based on Indoor hotspot,Dense urban, Rural and Urban macro scemarios in 38.802

· Detailed assumptions need to be discussed in RAN4 NR AH#2 eg UE RX beamforming and antenna modelling assumptions

· Techniques may be considered which minimise simulation time (eg limiting certain combinations of paramters which do not need to be simulated).


2 Discussion

Firstly, on the discussion for sub 6GHz and >6GHz simulation assumptions, we believe that the most important aspect is to start the work with the new scenarios for NR and as such, the simulations for >6GHz should  be prioritised, since existing LTE requirements will provide a good starting point for sub 6GHz NR requirements. There may be aspects such as beamforming which can be used even below 6GHz, and which somewhat modify the results obtained. On the other hand, due to the short timeline for NR specification work and the time that system studies are likely to take, our preference is option 2.

Proposal 1: System level simulations are used to study suitable requirements for >6GHz frequency range in the first instance
We do not exclude the possible study for sub 6GHz to check issues, but this would not be the starting point of the work. Simulations may be needed to study beam capabilities for sub 6Ghz.
Following proposal 1, we propose that studies could be performed at 30GHz. In LTE, 2GHz has been used for system simulations, while the derived requirements are applied at a wide range of frequencies between 450MHz and 5GHz.

Also following from proposal 1, and to reduce the number of scenarios and complexity of the simulations, we propose to focus on single layer simulations. Since the objective is to derive RRM side conditions such as number of detectable cells, detectable beams, SINR of best, 2nd best, 3rd best cell etc, these statistics do not depend on the presence of another layer. Hence we think for the purposes of simplifying simulations, it would be sufficient to study single layer scenarios
Proposal 2: Single layer scenarios are studiedt.
3 Simulation assumptions
3.1 Scenarios modelled
3.1.1 Network layout model
3.1.1.1 Urban macro

Details on urban macro network layout model are listed in Table 3.1.1.1-1.

Table 3.1.1-1: Single operator layout for urban macro
	Parameters
	Values
	Remark

	Network layout
	hexagonal grid, 19 macro sites, 3 sectors per site with wrap around
	 

	Inter-site distance
	200m (baseline)

300m (optional)
	

	BS antenna height
	25 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	20%
	

	
	Low/high Penetration loss ratio
	50% low loss, 50% high loss
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-UMa in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	35 m
	 

	Channel model
	UMa
	

	Shadowing correlation
	Between cells: 1.0
Between sites: 0.5
	 


3.1.1.2 Dense urban

Details on dense urban network layout model are listed in Table 3.1.1.2-1.

Table 3.1.1.2-1: Single operator layout for dense urban
	Parameters
	Values
	Remark

	Network layout
	Fixed cluster circle within a macro cell.
	note1

	Number of micro BSs per macro cell
	3
	3 cluster circles are in a macro cell. 1 cluster circle has 1 micro BS.

	Radius of UE dropping within a micro cell
	< 28.9 m
	

	BS antenna height
	10 m
	 

	UE location
	Outdoor/indoor
	Outdoor and indoor
	 

	
	Indoor UE ratio
	80 %
	 

	
	50% low loss, 50% high loss
	Low/high Penetration loss ratio
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	Same as 3D-UMi in TR 36.873
	 

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	3m
	 

	Channel model
	UMi
	

	Shadowing correlation
	Between cite: 0.5
	

	Note 1: Micro BS is randomly dropped on an edge of the cluster circle. All UEs communicate with micro BS, i.e. macro cell is only used for determining position of micro BS. As a layout of macro cell, hexagonal grid, 19 macro sites, 3 sectors per site model with wrap around with ISD = 200m is assumed.
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Figure 5.2.1.2-1: Network layout for dense urban
3.1.1.3 Indoor

Details on indoor network layout model are listed in Table 3.1.1.3-1.

Table 3.1.1.3-1: Single operator layout for indoor
	Parameters
	Values
	Remark

	Network layout
	50m x 120m, 12BSs
	 

	Inter-site distance
	20m
	 

	BS antenna height
	3 m
	ceiling

	UE location
	Outdoor/indoor
	Indoor
	 

	
	LOS/NLOS
	LOS and NLOS
	

	
	UE antenna height
	1 m
	

	UE distribution (horizontal)
	Uniform
	 

	Minimum BS - UE distance (2D)
	0 m
	 

	Channel model
	Indoor Office
	

	Shadowing correlation
	NA
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Figure 3.1.1.3-1: Network layout for indoor
	Parameters
	Indoor hotspot
	Dense urban
	Urban macro

	Carrier frequency 
	30GHz

	System

bandwidth
	100MHz

	Simulation bandwidth
	100 MHz (100MHz DL and 100MHz UL for FDD)

	Channel model
	5GCM office 


	5GCM UMa
	5GCM UMa



	BS Tx power 
	23 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 23dBm

EIRP should not exceed 58 dBm
	40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm

	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 
	 23dBm
EIRP should not exceed 43 dBm

	BS antenna configurations
	See Table 3.7.2.1-1, 3.7.2.2-1 and 3.7.2.3-1

	BS antenna height 
	3m
	10m
	25 m

	BS antenna element gain + connector loss
	See Table 3.7.2.1-1, 3.7.2.2-1 and 3.7.2.3-1

	BS receiver noise figure
	7dB

	UE antenna configuration
	See Table 3.7.3-1

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	
13dB (baseline performance), 10dB (high performance)

	Traffic model
	Full buffer and FTP model 1/2/3 with packet size 0.1 and 0.5Mbytes (other value is not precluded). 
Other traffic models are not precluded.

	Traffic load (Resource utilization)
	For baseline scheme: 25, 50 and 80% (other value is not precluded)

	UE distribution
	100% Indoor, 3km/h,
10 users per BS for full buffer traffic
	Uniform (10 users per TRP for full buffer traffic) 


	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 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%

-
Option2

-
Low loss model – 50%

-
High-loss model – 50%

	UE receiver
	MMSE-IRC as the baseline receiver
Note: Advanced receiver is not precluded.

	Feedback assumption
	Realistic

	Channel estimation
	Realistic


3.2 Beam modelling

The main purpose of system simulations is to study UE measurements. Both SS burst based measurements and CSI-RS based measurements should be considered.
Proposal 3: Initial system simulations consider SSB identification and measurement from a side condition perspective.
Since the SS burst structure is clearer, we propose that simulation work starts by modelling of SS bursts, and beam sweeping needs to be considered in eNB. The SS burst structure (eg periodicity) and mapping to antenna beams needs to be defined for each cell in the simulation. For simplicity we propose that each SS block in the SS burst is transmitted in a different direction in a sequential manner and there is a 1:1 mapping between SS blocks and transmit beams – for example if the BS antenna supports N different beam directions, then the SS burst would consist of N SS blocks transmitted sequentially in the N possible directions, and each SS burst in the SS burst set would be identical.
Table 3.1 summarises the main modelling of SS bursts
	Parameters
	Indoor hotspot
	Dense urban
	Urban macro

	SS burst subcarrier spacing
	240kHz
	240kHz
	240kHz

	Number of SS block directions per sector
	TBD
	TBD
	TBD

	Duration of transmission in each SS block direction
	1 SS block
	1 SS block
	1 SS block

	SS burst periodicity
	5ms to minimise simulation time, other options not precluded
	5ms to minimise simulation time, other options not precluded
	5ms to minimise simulation time, other options not precluded

	SS burst timing
	Syncronised between gNB

	Beam sweeping
	Sequentially sweeping in adjacent directions, each sector using the same beem steering coefficients at the same time.

	Number of beams to combine for cell level measurements, N
	TBD

	Threshold for beam combining
	TBD 


3.3 Propagation model
3.3.1 Path loss

The Path loss model is summarized in Table 3.4.1-1 and the distance definitions are indicated in Figure 3.4.1-1. Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table 5.2.2.1-1.
Table 3.4.1-1: 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 

	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

	InH - Office LOS
	
[image: image7.wmf])

(

10

log

20

)

(

10

log

3

.

17

4

.

32

3

c

D

f

d

PL

+

+

=


	σSF=3.0
	1<d3D<100m

	InH - Office NLOS
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	σSF=8.03
	1<d3D<86m

	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.
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	Definition of d2D and d3D 
for outdoor UEs
	Definition of d2D-out, d2D-in 
and d3D-out, d3D-in for indoor UEs. Note that 
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Figure 3.4.1-1: Distance definitions
3.3.2 LOS probability
The Line-Of-Sight (LOS) probabilities are given in Table 3.4.2-1.
Table 5.2.2.2-1: LOS probability
	Scenario
	LOS probability (distance is in meters)

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

	Indoor – Open office
	
[image: image16.wmf]ï

î

ï

í

ì

>

×

-

-

£

<

-

-

£

=

49

         

,

54

.

0

)

7

.

211

/

)

49

(

exp(

49

5

  

          

          

),

8

.

70

/

)

5

(

exp(

5

     

          

          

          

          

          

,

1

2

2

2

2

2

_

D

D

D

D

D

office

Open

LOS

d

d

d

d

d

P



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


3.3.3 O-to-I penetration loss
The Path loss 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 3.4.1. 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 5.2.2.3-1.
pi is proportion of i-th materials, where 
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N is the number of materials.
Table 3.4.3-1: 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 3.4.4-2 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 3.4.2-2 O-to-I penetration loss model

	 
	Path loss through external wall: [image: image26.png]


 [dB]
	Indoor loss: [image: image28.png]PL..



 [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. 
Only the low-loss model is applicable to RMa. 
The composition of low and high loss is a simulation parameter that should be determined by the user of the channel models, and is dependent on the use of metal-coated glass in buildings and the deployment scenarios. Such use is expected to differ in different markets and regions of the world and also may increase over years to new regulations and energy saving initiatives. Furthermore, the use of such high-loss glass currently appears to be more predominant in commercial buildings than in residential buildings in some regions of the world. 

The pathloss incorporating O-to-I car penetration loss is modelled as in the following:
PL = PLb + N(μ, σP2)
where PLb is the basic outdoor path loss given in Section 7.4.1. μ = 9, and σP = 5. Optionally, for metallized car windows, μ = 20 can be used. The O-to-I car penetration loss models are applicable for at least 0.6-60 GHz. 
3.4 Antenna and beam forming pattern modelling
3.4.1 General

A general antenna model is a uniform rectangular panel array, comprising MgNg panels, as illustrated in Figure 3.5.1-1.

-
Mg is number of panels in a column

-
Ng is number of panels in a row

-
Antenna panels are uniformly spaced in the horizontal direction with a spacing of dg,H and in the vertical direction with a spacing of dg,V.
-
On each antenna panel, antenna elements are placed in the vertical and horizontal direction, where N is the number of columns, M is the number of antenna elements with the same polarization in each column. 
-
Antenna numbering on the panel illustrated in Figure 3.5.1-1 assumes observation of the antenna array from the front (with x-axis pointing towards broad-side and increasing y-coordinate for increasing column number). 
-
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. 
-
The antenna panel is either single polarized (P=1) or dual polarized (P=2). 
The rectangular panel array antenna can be described by the following tuple 
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Figure 5.2.3.1-1: General antenna model
For a uniformly distributed array (ULA) antenna, as shown in Figure 3.5.1-2, the radiation elements are placed uniformly along the vertical z-axis in the Cartesian coordinate system. The x-y plane constructs the horizontal plane. A signal acting at the array elements is in the direction of u. The elevation angle of the signal direction is denoted as 
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(defined between 0° and 180°, 90° represents perpendicular angle to the array antenna aperture) and the azimuth angle is denoted as
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Figure 5.2.3.1-2: Antenna Array Geometry

The linear phase progression based beamforming is assumed, as described in Table 5.2.3.1-1. 

Table 3.5.1-1: Composite antenna pattern

	Parameter
	Values

	Composite Array radiation pattern in dB 
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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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In this simulation, there is one beam formed using all the antenna elements. Each beam is directed to one scheduled UE.
3.4.2 BS Antenna modelling
3.4.2.1 
Urban macro scenario
Table 3.5.2.1-1: BS antenna modelling for Urban macro scenario

	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

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note: An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.


3.4.2.2 Dense urban scenario
Table 3.5.2.2-1: BS antenna element pattern for Dense urban scenario
	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

	(Mg, Ng, M, N, P) note
	For 30GHz: (1, 1, 8, 16, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	Note: An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is horizontal.


3.4.2.3 Indoor scenario
Table 3.5.2.3-1: BS antenna element pattern for Indoor scenario
	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
	5 dBi

	(Mg, Ng, M, N, P) note
	30GHz: (1, 1, 4, 8, 2)



	(dv, dh)
	(0.5λ, 0.5λ)

	Note: An additional 3dB gain is added to the total beamforming gain to account for the two polarization directions. Boresight direction is perpendicular to the ceiling.


3.4.3 UE antenna element pattern

Table 3.5.3-1: UE antenna element 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
	5 dBi

	(Mg, Ng, M, N, P) 
	 (1, 1, 2, 2, 2)

	(dv, dh)
	(0.5λ, 0.5λ)

	UE orientation
	Random orientation in the azimuth domain: uniformly distributed between -90 and 90 degrees*
Fixed elevation: 90 degrees

	* NOTE: This is done to emulate two panels: the configuration is equivalent to 2 panels with 180 shift in horizontal orientation and UE orientation uniformly distributed in the azimuth domain between -180 and 180 degrees.


3.5 
Received power model
The received power in downlink and uplink scenarios is defined as below: 
RX_PWR = TX_PWR – Path loss + G_TX + G_RX

where:

RX_PWR is the received power

TX_PWR is the transmitted power

G_TX is the transmitter antenna gain (directional array gain)
G_RX is the receiver antenna gain (directional array gain).
3.6 
Metrics to be studied
· Number of detectable cells and beams

· SINR distributions for best cell, 2nd best cell, 3rd best cell etc

· SINR distributions for best beam, 2nd best beam, 3rd best beam etc

4 Conclusions

In this contribution we discuss system simulation assumptions. We make the following proposals
Proposal 1: System level simulations are used to study suitable requirements for >6GHz frequency range
We do not exclude the possible study for sub 6GHz to check specific issues, but this would not be the main focus of the work.

Following proposal 1, we propose that studies could be performed at 30GHz. In LTE, 2GHz has been used for system simulations, while the derived requirements are applied at a wide range of frequencies between 450MHz and 5GHz.

Proposal 2: Single layer scenarios are studied at first.
Proposal 3: Initial system simulations consider SSB identification and measurement from a side condition perspective.
Detailed simulation assumptions are provided in section 3.
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