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1 Introduction

The CSI-RS for the given number of ports (
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) are code-multiplexed with OCC=2 between every two ports and are specified by formula [1] shown below.  
In subframes configured for CSI reference signal transmission, the reference signal sequence 
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In the above formula, 
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 represents the location of RE#0 in the CSI-RS pattern that is assigned to the cell. Though the CSI-RS sequence component 
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 is fully determined, the scrambling sequence 
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, including its initialization, is still kept open. 
This contribution gives our views on the CSI-RS scrambling sequence design.
2 Design of CSI-RS scrambling sequence
2.1. Review of existing DL-RS scrambling sequence
All the downlink non-UE-specific reference signals that are already defined in LTE specification (CRS, MBSFN-RS and PRS) share some properties in common:
1) The sequence is QPSK modulated and is defined per port per OFDM symbol: 
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where 
· 
[image: image11.wmf]a

 is the number of corresponding sequence RE’s per port per OFDM symbol per PRB (
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 equals to 2 for CRS and PRS, or 6 for MBSFN-RS);

· 
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 is the length-31 Gold sequence whose generator initialization state is a function of slot index (
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), symbol index in slot (l), cell-specific identification (
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) and CP type. 
2) Even though the sequence is generated to cover 
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 RB’s, the sequence actually allocated for transmission is 
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 for CRS and MBSFN-RS, or 
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 for PRS. 
Different from non-UE-specific RS whose scrambling sequences are initialized per symbol basis, the downlink UE-specific reference signals on port-5 and ports 7~14 are initialized per subframe basis. 
2.2. CSI-RS scrambling sequence

Even though CSI-RS is allocated by CDM with OCC=2, which is similar to DMRS, we do not find particular reason for the CSI-RS, as a non-UE-specific RS, to deviate from other non-UE-specific RS on the scrambling sequence generation and mapping. What’s more, if the CSI-RS sequence reuses the DMRS sequence generation and mapping, there could be some issues as described below. 
· DMRS sequence is mapped in such a way that the first DMRS sequence element is allocated at edge of actual system bandwidth equal to
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, so the sequence element on a given DMRS RE depends on 
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, rather than depending on the location of that RE, as CRS does. If CSI-RS sequence follows this way, the UE has to know the 
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 for each cell whose CSI-RS is to be measured, even though it may only directed to measure a subband in a CoMP setup. 
· If CSI-RS sequence generator is initialized with the same seed (
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) as DMRS sequence, the symbol 
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 in the even slot could be special for a PAPR issue: both DMRS sequence and CSI-RS sequence are initialized from this symbol and may generate the same sequence output for a certain sequence segment. Even though the impact to PAPR on symbol 
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 could be neutralized by the precoding on DMRS, such neutralization functionality would depend on the actually applied precoding matrix, and therefore its effectiveness is not easy to be guaranteed. 
In order to minimize the standardization effort in defining CSI-RS sequence as well as to keep the same properties among all cell-specific RS, we prefer to reuse the CRS sequence design principle for the CSI-RS. 
Proposal-1: CSI-RS scrambling sequence should be defined and initialized per symbol basis. 

Proposal-2: The CSI-RS sequence mapping to resource element can be specified by following equations and statements: 
In subframes configured for CSI reference signal transmission, the reference signal sequence 
[image: image31.wmf])

(

m

r

 shall be mapped to complex-valued modulation symbols 
[image: image32.wmf])

(

,

p

l

k

a

 used as reference symbols on antenna port 
[image: image33.wmf]p

 according to 

[image: image34.wmf]()

,",

(')

s

p

kllln

awrm

=×


where

[image: image35.wmf]{

}

{

}

{

}

{

}

{

}

{

}

{

}

{

}

{

}

{

}

(

)

{

}

ú

û

ú

ê

ë

ê

-

+

=

¢

-

=

î

í

ì

Î

-

Î

=

Î

ï

î

ï

í

ì

+

=

ï

ï

ï

ï

ï

î

ï

ï

ï

ï

ï

í

ì

Î

-

Î

-

Î

-

Î

-

Î

-

Î

-

Î

-

Î

-

+

×

+

=

¢

¢

2

1

,...,

1

,

0

22

,

20

,

18

,

16

1

21

,

19

,

17

,

15

1

1

,

0

"

prefix

 

cyclic

 

extended

 

2,

 

and

 

1

 

 type

structure

 

frame

for 

 

ions

configurat

 

signal

 

reference

 

CSI

"

prefix

 

cyclic

 

normal

 

only,

 

2

 

 type

structure

 

frame

for 

 

ions

configurat

 

signal

 

reference

 

CSI

"

2

prefix

 

cyclic

 

normal

 

2,

 

and

 

1

 

 type

structure

 

frame

for 

 

ions

configurat

 

signal

 

reference

 

CSI

"

'

prefix

 

cyclic

 

extended

,

22

,

21

for 

9

prefix

 

cyclic

 

extended

,

20

,

19

for 

6

prefix

 

cyclic

 

extended

,

18

,

17

for 

3

prefix

 

cyclic

 

extended

,

16

,

15

for 

0

prefix

 

cyclic

 

normal

,

22

,

21

for 

7

prefix

 

cyclic

 

normal

,

20

,

19

for 

1

prefix

 

cyclic

 

normal

,

18

,

17

for 

6

prefix

 

cyclic

 

normal

,

16

,

15

for 

0

12

'

DL

RB

DL

max,

RB

DL

RB

"

N

N

m

m

N

m

p

p

w

l

l

l

l

l

l

p

p

p

p

p

p

p

p

m

k

k

l

l

 where 
[image: image36.wmf])

(

s

,

m

r

n

l

 is given by

[image: image37.wmf](

)

(

)

1

,...,

1

,

0

     

,

)

1

2

(

2

1

2

1

)

2

(

2

1

2

1

)

(

DL

max,

RB

,

s

-

=

+

×

-

+

×

-

=

N

m

m

c

j

m

c

m

r

n

l


and 
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 is the length-31 Gold sequence used by CRS and PRS.

The main difference between proposed sequence mapping above and the mapping in [1] is the length of index m:

· In [1], m counts from 0 to 
[image: image39.wmf]DL
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, covering sequence RE’s on two symbols. 

· In proposed sequence mapping in this paper, m counts from 0 to 
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, covering sequence RE’s on one symbol.

Another formula that is equivalent to above proposal and that is compatible to the mapping in [1] is given by 
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where 
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 is defined in the same way as in above-mentioned proposal. 
Because all symbols allowed to carry CSI-RS for both CP types can also carry the PRS RE’s in a different subframe, the initialization of PRS sequence can be reused to initialize CSI-RS scrambling sequence, and it does not need to introduce extra standard efforts and additional eNB/UE implementation complexity. 
Proposal-3: For CSI-RS sequence 
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, the pseudo-random sequence generator shall be initialized with 
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 at the start of each OFDM symbol where 
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3 Conclusions

We propose to reuse the scrambling sequence of CRS and PRS into CSI-RS sequence generation, with minor modification in the sequence allocation (due to different number of allocated RE’s per symbol per RB between CRS and CSI-RS). Our preferred sequence mapping formula is slightly different from the one in [1] regarding to how scrambling sequence is formulated. 
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