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Introduction and Proposals
UE specific beam forming is one of the key features for AAS BS that can bring significant capacity improvement. UE specific beam forming is definitely supported by AAS BS. The impact of UE specific beam forming on coexistence was initially investigated in [3]. The analyses in [3] conclude that UE specific beam forming is not the worst case and further coexistence system simulation can be skipped. One company paper summarized the simulation assumption in [4] but some key parameters were not covered such as the ACLR pattern in case of UE specific beam forming. The improved version can be found in [6] and [8] and it was finally approved and captured in the Technical Report [1]. Two set of simulation results with UE specific beam forming can be found in [5] and [7].
One key parameter for UE specific beam forming coexistence simulation is the ACLR pattern considering the spatial inter-modulation of UE specific signals to be radiated to different direction and this was initially investigated in [2]. The formula of the radiation pattern in its final format for wanted signal and spatially inter-modulated signals were approved and captured in the Technical Report [1]. Some of the symbols in the formula are left unattended and this will lead to readability issues for future readers who are not involved in the AAS project.

The purpose of this paper is to improve the readability of the simulation assumptions particularly for UE specific beam forming. This is also a very necessary and important step in order to have aligned assumptions for the simulation results possibly to be submitted shortly by interested companies.

It is expected that interested companies to submit (or double check the submitted results) by RAN4#71. It can also be foreseen that the simulation results would not imply an ACLR requirements tighter than 45dBc at each transmitter. 
Text proposal to [1] is included for approval to serve those purposes. 
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5.3.2
UE specific beam forming simulation assumptions


	



	

	

	



	

	


In case of UE specific beam forming, the AAS BS may generate 
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 beams, each pointing to a specific UE. The overall radiation pattern of the 
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 beams can be derived as 
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where 
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 is the element pattern defined in Table 5.3.3.1-1, and 
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are the array factors defined in Table 5.3.3.2.1-1.

Due to the non-linearization characteristics of the transmitters, the 3-rd order inter-modulation productions generated by the 
[image: image11.wmf]beam
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 beams may be pointed to different directions as the weighting vector for each of the beams are involved in the inter-modulation process, and combinations of any three of the weighting vectors generated a different direction for the 3-rd order inter-modulation product. The overall radiation pattern of the IMD3 products can be derived as  


[image: image12.wmf](

)

(

)

(

)

[

]

2

3103

111

3

1

1011

V

H

beam

N

N

IMDEn,m,IMDn,m

p,q,l,Nmn

beam,IMD

ˆ

P,A,logwp,q,lv

N

Î==

éù

æö

êú

ç÷

jq=jq+×+r××-

ç÷

êú

èø

ëû

ååå


where 
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is number of IMD3 beams generated, and 
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. Please be noted that the triplet (p, q, l) is order sensitive and they represent any of the three UE specific beams with an inter-modulation relation of p+q- l. Please also be noted p, q, l can take the same value. Therefore
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And 
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 is the weighting vector for the IMD3 products generated by the three beams and 
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The weighting factor above is for the IMD3 products 
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 which is generated by
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 represent any frequency component in beam p, q, l correspondingly.

Based on the radiation pattern of wanted signal and IMD3 products, the ACLR pattern can be derived as 
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where 
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is the ACLR performance of each transmitter. 


	
	

	
	

	
	

	
	

	
	

	
	

	
	













The assumption in Table 5.4.3.1-1 in TR 37.840 was used for UE beam forming scenarios but the number of UE activated in each cell is assumed to be 4.  A 10x4 antenna array is employed to generate beams pointed directly at each UE dropped in cell. 

Table 5.3.2-1 Simulation assumptions for UE specific beam forming

	Parameters
	Values

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

	UE distribution
	Average 10 UEs per sector.

	Carrier frequency
	2GHz

	System bandwidth
	10MHz

	Inter Site Distance (ISD)
	750m

	Minimum distance UE<->BS
	35m

	Log normal shadowing
	Standard Deviation of 10 dB

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

	Scheduling algorithm
	Round Robin, Full buffer

	RB number per active UEs
	DL: 12RBs

	Number of active UEs
	DL: 4UEs

	UE max Tx power
	23 dBm

	UE min Tx power
	- 40 dBm

	Active array loss
	1 dB

	Losses of legacy system
	2 dB

	Legacy BS max Tx power
	46dBm

	AAS BS max Tx power
	46dBm 

	Antenna configuration at UE
	Omni-directional

	The height of BS
	30 m

	The height of UE
	1.5 m

	Antenna array configuration (Row×Column)
	10×4

	ACS of LTE UE
	33 dB

	Performance evaluation
	Throughput loss criteria, as derived from the truncated Shannon bound approach of 3GPP TR36.942. 


5.3.3
Antenna array model

The 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 section.

5.3.3.1
Element pattern

Table 5.3.3.1-1 Element pattern for antenna array model

	Horizontal Radiation Pattern
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	Horizontal 3dB bandwidth of single element / deg
	For single column antenna: 65º

For multi-column antenna:  80º

	Front-to-back ratio
	Am = 30dB

	Vertical Pattern  method
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	Vertical 3dB bandwidth of single element / deg
	65º

	Element Pattern
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	Element Gain without antenna losses
	For single column antenna: GE,max= 9 dBi

For multi-column antenna: GE,max= 7.5 dBi*

	Note: *GE,max is obtained from TR37.840[2] Table 5.4.4.2.1-1.


5.3.3.2
Composite antenna pattern
5.3.3.2.1
UE specific beam forming

Table 5.3.3.2.1-1 Composite antenna pattern for UE specific beam forming

	Configuration
	Multiple columns (NVxNH elements)

	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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	Antenna array configuration (Row×Column)
	10×4

	Horizontal radiating element spacing d/
	0.5

	Vertical radiating element spacing d/
	0.9

	Down-tilt angle (deg)
	0 degrees

	Power allocated to each beam 
	6dB below the maximum transmitted power
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