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1 Introduction
Based on discussion paper [1], a text proposal on simulation assumptions is provided for TR ver 0.1.0 for AAS SI [2]. 
2 Discussion of the simulation assumption
2.1 Simulation dimension
In previous RAN4 studying, the BS RF requirements, such as in-band blocking, Rx inter-modulation, etc. were simulated and defined based on a 2-D antenna model. 
As shown in Figure 1, the differences of the radiation patterns for individual antenna element and the composite antenna mainly reside in the vertical plane. For the comparison study between AAS individual receiver and the receiver in the traditional BS, the coexistence simulation shall be carried out with 3D modeling and the radiation pattern in vertical plane shall be modeled.
[image: image1.png]..
Socking e Y

.
&

UE of adjacent system

o —




  [image: image2.png]Rxantenna pattern of Radiating element

Rxantenna pattern
of antenna array

b
&

/" 552t s ssem

UE of adjacent system




Figure 1: Scenarios of the received blocking signals at the traditional BS and AAS BS
2.2 Simulation cases

Considering RAN4 work load, it is suggested that LTE Macro-to-LTE Macro coexistence scenario, as a typical scenario, could be simulated at the first step. System simulations are conducted to evaluate the received power distribution at each radiating element in the AAS system and the composited Rx antenna of the traditional BS from the UEs belonging to uncoordinated system at adjacent channel, as shown in Table 1. 
Table 1 Simulation cases for evaluating AAS blocking
	Case
	Aggressor
	Victim
	BS antenna pattern
	Network Layout
	Statistics
	Target RF requirement

	#1-a
	Legacy E-UTRA

Macro
	AAS EUTRA Macro
	3D antenna model
	Uncoordinated, ISD=500m
	Interferer levels at victim BS
	In-band blocking

	#1-b
	AAS E-UTRA

Macro
	AAS EUTRA Macro
	3D antenna model
	Uncoordinated, ISD=500m
	Interferer levels at victim BS
	In-band blocking

	#1-c (Baseline)
	Legacy E-UTRA Macro
	Legacy E-UTRA Macro
	3D antenna model
	Uncoordinated, ISD=500m
	Interferer levels at victim BS
	In-band blocking


2.3 Network layout
For system that equipped with AAS, it is capable of applying 3D beamforming (BF) and provides cell-specific BF (i.e. all cells have the same beam shape in vertical and horizontal domain), vertical cell split or UE-specific BF to improve system performance. For blocking requirement evaluation, it is suggested that AAS configured with cell-specific BF could be simulated at first for simplicity, since how AAS configured does not influence the blocking level received at the element. Therefore the number of Macro BS in the scenario is 19 with a total of 19x3=57 sectors. For uncoordinated network simulations, identical cell layouts for each network shall be applied, with worst case shift between sites. Second network’s sites are located at the first network’s cell edge, as shown in Figure 2. 
For 3D model, UEs are distributed on the flat ground, with the uniform height of 1.5m, and the height of the macro site are uniformly 32m.
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Figure 2 Multi operator cell layout- uncoordinated operation
2.4 Antenna model 

The 3D antenna pattern proposed by 3GPP [3] can be viewed as a composite beam-pattern which is a product of the vertical array pattern and a radiating element pattern. However it is too simplified on the side lobe assumption, which could hardly be the case when applying a given vertical transmit weight on vertical array. To evaluate AAS RF requirement, it is proposed to use a more precise vertical array pattern when obtaining the composite pattern. To accomplish this, one could first establish the radiating element pattern, and then, on dB domain, make superposition of the element pattern with the array pattern which is determined by the vertical transmit weight.
Radiating element pattern

It is assumed that the Rx radiating element pattern model is in a similar form to the 3GPP model, as below 

[image: image4.wmf](

)

(

)

(

)

{

}

,max,,

,min,

EEEHEVm

AGAAA

jqjq

éù

=--+

ëû

  (Eq.1)
where 


· GE,max is the maximum directional gain of the physical element (in dB), assumed to be 8dBi.

· AE,H is the horizontal pattern:
· 
[image: image5.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

H

E

A

A

,

12

min

2

3

,

j

j

j


· 
[image: image6.wmf]dB

3

j

 = 65 degrees is the horizontal 3dB bandwidth, 
· Am= 25dB is the front-back ratio,

[image: image7.emf]-150 -100 -50 0 50 100 150

-25

-20

-15

-10

-5

0

Phi (degree)

Element horizon pattern


Figure 3 Radiating element horizon antenna pattern
· AE,V is the vertical pattern:
· 
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 = 50 degrees is the vertical 3dB bandwidth, which is adjusted to have the similar pattern with [7].

Composited antenna pattern

Based on [5], the composited antenna pattern could be written as

[image: image10.wmf](

)

(

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

×

×

+

×

=

å

=

1

1

,

,

2

1

2

N

i

i

i

E

v

P

P

w

r

j

q

j

q

            (Eq.2)
where
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is the correlation coefficient between radiation elements, which is assuming as 1.0 (full correlated) for traditional BS. Therefore Equation 2 would be simplified as:
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where
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 is the element radiation pattern:
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is the signal arrived/transmitted at
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th radiating element with different phase shift, expressed as 
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               (Eq.4)
in which dv is the vertical element spacing and is assumed to be 0.9
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. And the weighting vector is assumed to be identical to each radiating element for simulation simplicity, i.e.
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Figure 4 Antenna array geometry
(The radiation elements are placed uniformly along the vertical z axis in the Cartesian coordination and the x-y axis constructs the horizontal plane. A signal acting at the array elements is in the direction of u, and elevation angle of the signal direction is denoted as 
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 and the azimuth angle is denoted as
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2.5  Path loss model

For UEs assigned to macro cells, the path loss model in TR36.942/TR25.942 is designed mainly for distance larger than few hundred meters and is not accurate for short distance, therefore it is suggested that a more precise path loss model in TR 36.814 [3] could apply, assuming a carrier frequency of 2 GHz. By the way, the limit of MCL is not necessary since 3D antenna pattern is used.
PLLOS(R) = 103.4+24.2log10(R)

PLNLOS(R) = 131.1+42.8log10(R), For 2GHz, R in km.
Case 1: Prob(R) =min (0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)
3 Conclusion

Based on the above discussion, a text proposal on simulation assumptions is provided for TR ver 0.1.0 for AAS SI [2].
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Text Proposal
<Start of the TP>
5.3 Simulation assumptions
The differences of the radiation patterns for individual antenna element and the composite antenna mainly reside in the vertical plane. For the comparison study between AAS individual receiver and the receiver in the traditional BS, the coexistence simulation shall be carried out with 3D modeling, and the radiation pattern in vertical plane shall be modeled.
Table 5.3-1 shows simulation cases for evaluating in-band blocking for AAS and the detailed simulation assumptions are listed in Table 5.3-2.
Table 5.3-1 simulation cases 
	Case
	Aggressor
	Victim
	BS antenna pattern
	Simulated link
	Network Layout
	Statistics
	Target RF requirement

	1-a
	Legacy E-UTRA
Macro system
	AAS E-UTRA Macro system
	3D antenna model
	Uplink
	Uncoordinated, ISD=500m
	Interferer levels at victim BS
	In-band blocking

	1-b
	AAS E-UTRA
Macro system
	AAS E-UTRA Macro system
	3D antenna model
	Uplink
	Uncoordinated, ISD=500m
	Interferer levels at victim BS
	In-band blocking

	1-c(Baseline)
	Legacy E-UTRA

Macro system
	Legacy E-UTRA Macro system
	3D antenna model
	Uplink
	Uncoordinated, ISD=500m
	Interferer levels at victim BS
	In-band blocking


Note: Simulation cases for other scenarios will be added later. 

Table 5.3-2 Simulation assumptions for evaluating AAS blocking

	Parameters
	Values

	Cellular layout
	Hexagonal, 3-tiers (19 cell wrap-around), uncoordinated

	Duplex
	FDD

	Sectorization
	3 sectors/cell

	UE distribution
	Average 10 UEs per cell (sector). UEs on flat ground

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	500m

	Minimum distance UE<->BS
	35m

	Path loss
	Macro to UE:

PLLOS(R)= 103.4+24.2log10(R)

PLNLOS(R)= 131.1+42.8log10(R),For 2GHz, R in km.
Case 1: Prob(R)=min(0.018/R,1)*(1-exp(-R/0.063))+exp(-R/0.063)


	Log normal shadowing
	Standard Deviation of 10 dB

	Shadow correlation coefficient
	0.5 (inter site) / 1.0 (intra site)

	Scheduling algorithm
	Round Robin/ PF, full buffered

	RB number per active UEs
	UL: 16RBs (total: 48 RBs) 

	number of active UEs
	UL: 3 UEs 

	UE max Tx power
	23 dBm

	UE min Tx power
	-40 dBm

	BS max Tx power
	46dBm

	Power control parameters
	PC Set 1（alpha-1; P0=-101dBm）

	Number of vertical radiating element N
	10

	Vertical radiating element spacing dV
	0.9 wavelength

	Radiating element  configuration at BS
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where 


· GE,max is the maximum directional gain of the physical element (in dB), assumed to be 8dBi.

· AE,H is the horizontal pattern:

· 
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 = 65 degrees is the horizontal 3dB bandwidth, 
· Am= 25dB is the front-back ratio,
· AE,V is the vertical pattern:
· 
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 = 50 degree is the vertical 3dB bandwidth.


	Combining method in 3D antenna pattern
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Where 
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 is the element radiation pattern: 
[image: image30.wmf](

)

(

)

(

)

(

)

(

)

[

]

{

}

m

V

E

H

E

Max

E

E

E

A

A

A

G

A

P

,

min

,

,

log

*

20

,

,

,

q

j

q

j

j

q

+

-

-

=

=

,

[image: image31.wmf]n

n

is the signal arrived/transmitted at
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th radiating element with different phase shift, expressed as 
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The weighting vector is assumed to be identical to each radiating element for simulation simplicity, i.e.
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	Antenna configuration at MS
	Omni-directional

	The height of BS
	32 m

	The height of MS
	1.5 m

	Output statistics (Interferer levels)
	CDF of the received interference power in dBm from an aggressor (Enlarged to show 99.99% point)


<End of TP>
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