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1 Dual Polarized Channel
A cross-polarized model is therefore also included in [1], and it can be expressed by (1). In [2],there is a same channel model with different form.
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  (1)                            
It describes how to model the Ray ,and accumulate the Ray to Cluster.We needn’t consider moving speed first,it is mean that: 
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We can suppose that it is dual polarized on transmitter (eNodeB) ,and there are “N” Tx Antennas on each polarized direction (total are 2N Antennas),we also suppose that there are “K” Tx Antennas on each polarized direction on receiver(UE/MS).first,Let’s consider the “Ray Channel” between N Tx Antenna and a Rx Antenna.

From formula (1) of the channel model, If we don’t consider “XPD” and “moving speed”, the single ray channel between fixed Tx and Rx antenna can be described as (2)
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In (2) 
[image: image4.wmf]TxIndex

 denotes Tx index, 
[image: image5.wmf]RxIndex

 denotes Rx index.

We should accumulate every single Ray in rich scatter scenario,but 
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 for every Ray are different, it seems very complicated to analyze the channel model. However,we can only focus on the analysis of a single Ray’s LOS path under scenario with high correlation, in poor scatter scenario.because its share of power is often more than 80% with small leakage in that case. Thus analysis of channel characteristics of single LOS and the eigenvector channel model will be important to the codeword design.

Considering single path LOS of high correlated channel, we find that the ratio between the channel of 2 Tx antennas in different polarized directions but the same physical location and the Rx antenna in the same polarized direction always remains the same value.

The single LOS Ray channel consisting of the kth Rx antenna and Tx antenna has properties shown as (3)
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Where 
[image: image9.wmf]Rayindex

 defines the index no. of Ray, or LOS path here. 
[image: image10.wmf]a

 defines the slant angle of dual-polarized at transmmiter and 
[image: image11.wmf]b

 defines the slant angle of dual-polarized at receiver.The ratio mainly depends on polarization direction as well as random phase 
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 from transmitter/receiver.
Similarly, the ratio between the channel of “2 Rx antennas in different polarized direction, but the same physical location and the Tx antenna in the same polarized direction “always remains the same value.
The channel of nth Tx antenna (all antennas defined by n are in one polarized direction) and the Rx antenna has properties as (4)
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The channel model can be defined as (5), if dual-polarized antenna is applied for both transmitter and receiver, with strong LOS path, e.g. 8x2
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p1, p2 and p3 are defined in (6) – (8), where
[image: image16.wmf]G

is a constant complex coefficient, which can be ignored during eigenvector analysis.
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[image: image20.wmf]H

u

 is a 4-dimensional row vector, which is highly correlated to the space between antennas. Similar to ULA of 4 antennas, significant beam would be created if N antennas in the same polarized direction were highly correlated, e.g. 
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2 Eigenvector Model
2.1 Rank1 Eigenvector
Based on the analyze in part2, 
[image: image22.wmf]8
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 rank1 channel can be modeling as 
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In (9),
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is a unit 8-dimensional column vector ,therefore we can found that
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The eigenvector is independent of 
[image: image26.wmf]G

,suppose 
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,so reduced channel is
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therefore
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where
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Dual Polarized antennas are considered on the transmmiter,we should noted that,in this model,if there are two Polarized direction, 
[image: image31.wmf]a

 denotes the smaller of the two angle . eg. “+
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,-
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 denotes -
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,
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”, 
[image: image38.wmf]a

 denotes 0
Suppose the rank1 eigenvector model is
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Proof：

Case 1: 
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Case 2: 
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Case 3: 
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 could be expressed as
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taking the supposition 
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reducing the last two equation of (15), we get 
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Taking equation (16) back into (15) comes to the relation between 
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So,
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We have prove the structure of eigenvector for Rank1 in which case the 8 Tx is dual polarized while there is only 1 or multiple same polarized Rx.
2.2 Rank2 Eigenvector
Based on the analyze in part2, 
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therefore
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Where 
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are eigenvector
Suppose eigenvector model in (21)
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Proof：

Firstly, 
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Equation (22) could be further reduced to equation (23) and (24) as follows
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Which indicates at most one of 
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When 
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Or


[image: image95.wmf]ú

û

ù

ê

ë

é

=

´

u

e

X

O

U

j

3

3

1

4

1

j

 and 
[image: image96.wmf]ú

û

ù

ê

ë

é

=

´

1

4

2

2

2

O

u

e

X

U

j

j

                    (26)
Here, 
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Further we can obtain (27)
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Because 
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taking the supposition 
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According to (32)
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Similarly
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  Solving equation(35)
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We can judge 
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[image: image125.wmf] So we have prove the structure of eigenvector for Rank2 in which case the 8 Tx are dual polarized while there are dual polarized  Rx.
3 Typical scenario
3.1 Rank1 Typical Scenario
As proved in previous section, the model of eigenvector of rank1 is
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[image: image127.wmf]2
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The typical polarize pattern in receiver
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The phase of
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In general, we could express X1 and X2 as it vary with the polarize slant 
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Figure 1
· “+
[image: image143.wmf]4

p

,-
[image: image144.wmf]4

p

” polarize in transmitter, 
[image: image145.wmf]b

degree polarize in receiver

[image: image146.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

h

h

m

n

v

v

m

n

h

h

m

n

v

v

m

n

j

j

j

j

p

,

,

,

,

,

,

,

,

1

exp

cos

exp

sin

exp

cos

exp

sin

F

+

F

F

-

F

=

b

b

b

b

              (41)

[image: image147.wmf]2

1

2

2

1

2

2

1

1

2

2

2

1

2

1

2

1

1

2

1

2

1

p

p

X

p

p

X

p

X

X

H

+

=

Þ

=

+

=

Þ

=

l

l

                          (42)

[image: image148.wmf](

)

2

1

1

2

1

p

p

e

j

=

-

q

q

                                      (44)
If 
[image: image149.wmf]2

/

p

b

=

,
[image: image150.wmf]1

1

=

p

,
[image: image151.wmf]ú

û

ù

ê

ë

é

=

H

H

H

H

H

uu

uu

uu

uu

H

H

,the eigenvector is

[image: image152.wmf]ú

û

ù

ê

ë

é

=

u

u

U

                                             (45)
If 
[image: image153.wmf]4

/

p

b

=

,
[image: image154.wmf](

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

h

h

m

n

v

v

m

n

h

h

m

n

v

v

m

n

j

j

h

h

m

n

v

v

m

n

h

h

m

n

v

v

m

n

e

e

j

j

j

j

p

,

,

,

,

,

,

,

,

1

1

exp

exp

exp

exp

,

,

,

,

,

,

,

,

1

F

-

F

-

F

-

F

-

+

-

=

F

+

F

F

-

F

=


We find that 
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figure 2 shows X1 and X2 vary with random phase 
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Figure 2

Based on the analyze above,we could get the distribution of parameter included in eigenvector model.
3.2 Rank2 Typical Scenario
For this case, the eigenvector model keeps the same no matter how polarize pattern vary:
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Further reduce the right side of (49),we get
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Using equation (50),equation (22)could be expressed as
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So
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Through the analyze above, we come to the conclusion that the eigenvector of Rank2 could be constructed as a block diagonal matrix.
4 The form of Codebook
4.1 Rank1 codebook
1. “+
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If UE is mobile terminal, and the polarized slant is about
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,whether the phase information is essential needs further study taking overhead into account while X1=X2=1 for the amplitude is a reasonable choice.
Considering the phase variety, the codebook is expressed as :
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If UE is notebook or palmtop, and the polarized slant is about
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” dual polarized in transmitter
If UE is mobile terminal, and the polarized slant is about
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, the phase information is not necessary, and X1=X2=1 for the amplitude is a reasonable choice
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For each u,the codebook is expressed as :
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If UE is notebook or palmtop, and the polarized slant is about
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4.2 Rank2 codebook
For the eigenvector is a block diagonal matrix, the codebook should has a similar construction as:
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In general, a codebook
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