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1. Introduction

In RAN1 #56bis and #57bis meeting, followings have been agreed as a CSI-RS design guideline:

· The duty cycle can be defined for CSI-RS transmission.

· The CSI-RS should be possible to transmit without LTE-A only subframe.

· The CSI-RS are punctured into the data region of normal/LTE-A only subframe.

· Strive for same CSI-RS pattern regardless of subframe type.

In addition to the agreements, other detailed design guidelines [1]-[5] have been also discussed such as possible candidates of duty cycle, maximum number of CSI-RS in an RB considering legacy UE, wideband CSI-RS support and so on. However, no further progress has made on these issues. In [5], our views on these issues were discussed. Followings can be a summary in the previous discussion:
· Uniform frequency spacing per each antenna port is recommended to have better channel estimation performance.
· As a candidate, multiple of 5ms seems reasonable to have a possibility of avoiding CSI-RS transmission in the subframes containing PBCH/PSS/SSS.
· 8 CSI-RS REs per PRB pair in a subframe as a maximum seems to be tolerable in terms of legacy performance impact.
· OFDM symbols containing Rel-8 CRS and used as potentially relay backhaul guard period should be avoided for CSI-RS transmission.

In this contribution, we further discuss on CSI-RS placement for minimizing legacy impact due to CSI-RS puncturing.
2. CSI-RS Placement
In order to minimize the legacy impact due to CSI-RS puncturing, transmitting less number of CSI-RS in an RB seems to be reasonable since it implies that the interference from CSI-RS can be reduced in legacy UE point of view. Several ways [5]-[7] to reduce the number of CSI-RS in an RB can be considered for 8Tx LTE-A system.
· Alternative 1: Multi-subframe CSI-RS transmission in a duty cycle [5]
The simplest way to reduce the legacy UE performance degradation due to CSI-RS puncturing can be minimizing the number of CSI-RS in an RB so that the interference of CSI-RS could be tolerable with lowering MCS level. The figure 1 shows the general concept of multi-subframe CSI-RS transmission when 5ms duty cycle is assumed. In this case, the CSI-RS port 0-3 can be transmitted in the first OFDM symbol containing CSI-RS and the other CSI-RS port 4-7 can be transmitted in the second OFDM symbol containing CSI-RS for 8Tx LTE-A system support.
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Figure 1. Example of multi-subframe CSI-RS transmission with 5ms duty cycle
· Alternative 2: RB subset CSI-RS transmission [7]
The CSI-RS can be transmitted only in a specific RB in a subframe so that the number of CSI-RS is reduced in the end. The figure 2 shows the example of RB subset CSI-RS transmission. This proposal may reduce the legacy performance impact as well when the legacy UE is not scheduled in the RB containing CSI-RS or multiple RBs are allocated to a legacy UE with large portion of the RBs not containing CSI-RS. However, the performance of LTE-A system should be carefully studied since this type of CSI-RS transmission may result in significant CSI feedback (CQI/PMI/RI) mismatch under the highly frequency selective channel.

[image: image2.emf]Subframe #

R

B

 

#

0 1 2 3 4 5 6 7 8 9

0

1

2

3

4

5

6

duty cycle = 5ms

radio frame

: RB containing CSI-RS : RB without CSI-RS


Figure 2. Example of RB subset CSI-RS transmission [7]
· Alternative 3: Frequency hopping based CSI-RS transmission [6]
To avoid the feedback mismatch in RB subset CSI-RS transmission, frequency hopping based CSI-RS transmission can be used in combination with multi-subframe transmission. The figure 3 shows the example of frequency hopping based CSI-RS transmission. As seen in the figure, the CSI-RS covers all frequency band within multiple subframes. In this case, LTE-A performance would be higher than the alternative 2 since it tracks frequency selectivity better. However, the legacy performance will be worse than that with RB-subset CSI-RS transmission.
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Figure 3. Example of frequency hopping based CSI-RS transmission [6]
4. Summary
In this contribution, we discussed on CSI-RS design for supporting higher MIMO considering legacy performance impact and studied alternatives for CSI-RS placement to reduce the legacy performance degradation due to CSI-RS puncturing.
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