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1 Introduction
The agreements reached so far (as of 3GPP RAN1 WG1#58bis) on CSI-RS design are summarized as below:

· CSI-RS structure is sparse in time and frequency.
· CSI-RS needs to support up to 8 transmit antenna.

· CSI-RS punctures the data region in normal and MBSFN subframes.
· CSI-RS is cell-specific. 

There are many problems to be discussed further for CSI-RS design, the most intractable problem is the CSI-RS design in multi-cell scenario under the limiting of punctured  RE number for R8 UE. This contribution mainly discussed the CSI-RS pattern and sequence design under multi-cell scenario.
2 Multi-Cell CSI-RS
Under multi-cell network with the one frequency, serious interferences inevitably arise [1][2][3], this is a big challenge to CSI-RS design. The probability of  multi-cell interferences, especially for the 3 cells under one site is very high [1][2]. To get the good channel qualities measured results, we need to consider the orthogonality of inter-cell. The current main methods are using TDM or FDM solution to keep the orthogonality [4][5][6][7], but these methods will cost too many REs (need to punctured too many REs of  R8 users data). In fact, the more REs are punctured of R8 users’ data, the more performance loss occurred. How to design a CSI-RS with good performance while keep limited REs punctured is an interesting problem, this contribution gave out one possible solution.
2.1   Multi-Cell CSI-RS Pattern
The following example is only for normal CP, and the similar design can be attained for the extended CP.
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Figue1 8 antennas (or 4 antennas) CSI-RS design: N8-P-I or N4-P-I
Figue2 8 antennas (or 4 antennas) CSI-RS design: N8-P-II or N4-P-II
The 11th OFDM symbol was used to design CSI-RS, and 2 continuous subframes were taken to form CSI-RS pattern, as above figure1. Different antenna port was marked by different figure from 1 to 8. The above figure can support 8 transmitting antennas when the antenna number is 8 exactly. When the antenna number is 4, the same colour REs were mapped to the same antennas port, ie., the REs marked {{1,2}, {3,4}, {5,6}, {7,8}} were allocated to 4 different antenna. And when the number of transmitting antenna is not larger than 4, one CSI-RS in one subframe can be used, as figure 3.
Three continuous REs were allocated to one antenna port with the same figure, and 3 orthogonal sequences were allocated to the 3 REs. Different code was allocated to different cell under the one site. And the quasi-orthogonality of among cells from different site can be achieved by pseudo-random sequence scrambling. It is obvious that more RB allocated to one CSI-RS, more accurate estimation can be attained. So we suggest that the CSI-RS frequency domain bandwidth is the multiple of 2RBs, at least.
The only difference of above figure 1 and figure 2 is the CSI-RS pattern. Similarly, when 2 CSI-RS OFDM symbols were used, the pattern can support 8 or 4 transmitting antenna.  When 8 antennas were supported , the REs marked different figure were allocated to different antenna port.  When 4 antennas were supported , the REs marked different colour were allocated to different antenna port, ie., the REs marked {{1,2}, {3,4}, {5,6}, {7,8}}  were allocated to 4 different antenna. And when the number of transmitting antenna is not larger than 4, one CSI-RS in one subframe can be used, as figure 3.
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Figue3 4 antennas CSI-RS design with single subframe: N8-P-I or N4-P-I
If the number of transmitting antenna is 4, one CSI-RS OFDM symbols can be considered, as above figure 3. And if the number of transmitting antenna is 2, then the REs marked figures {{1}, {2}} or {{3}, {4}} can be allocated to that two antenna ports.  Furthermore, if network subband was taken as our contribution [8], the inter-cells interference can be further restrained by inter-cell orthogonality or quasi-orthogonality.

2.2   Multi-Cell CSI-RS Sequence
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Figure4 orthogonal sequence for 3 cells
Set the antenna port 1 from above figure 1 to figure 3 as an example, 3 orthogonal sequences in 3 REs were used to distinguish 3 different cells under one site.  Orthogonal sequences can be one of the following:

[image: image4.wmf]2/34/3

4/32/3

111

1

1

jj

jj

Aee

ee

pp

pp

éù

êú

=

êú

êú

ëû

                                                                                (1)

[image: image5.wmf]2/3

2/3

2/3

1

11

11

1

j

j

j

e

Ae

e

p

p

p

éù

êú

=

êú

êú

ëû

                                                                        (2)

[image: image6.wmf]4/3

4/3

4/3

1

11

11

1

j

j

j

e

Ae

e

p

p

p

éù

êú

=

êú

êú

ëû

                                                                        (3)
On the other hand, scrambling operation is needed to the orthogonal sequence in the frequency domain, the scrambling sequences as the following: 

[image: image7.wmf](

)

(

)

PDSCH

RB

11

()12(2)12(21),          0131

22

rmcmjcmm,,...,N

=-×+-×+=-

               (4-1)

[image: image8.wmf](

)

(

)

cell16

initsID

212((/3)12

cnfloorN

=+×+×

êú

ëû

                                                  (4-2)
And for the cell id (
[image: image9.wmf]cell

ID

N

), we supposed 3 continuous cell id number were allocated to 3 different cells of one site or adjacent sites.
3 Conclusion
In this contribution, we discussed the multi-cell CSI-RS pattern and sequence design problem for LTE-A. Our conclusions are:
· The orthogonality of  the 3 cells under one site and the quasi-orthogonality of inter-site cells, should be considered.
· We proposed using FDM + TDM for single cell and CDM for multi-cell to achieve the orthogonality and quasi-orthogonality. 
· The frequency bandwidth of CSI-RS should be the multiple of 2RBs for every antenna. 
· The above CSI-RS pattern N8-P-I or N4-P-I and N8-P-II or N4-P-II and N4-P-III are all practical, which one is preferred needed further evaluation.
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