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1. Introduction

A UE specific precoded demodulation RS (DM-RS) and CSI-RS have been agreed as downlink reference signal to support demodulation and measurement, respectively. Followings are agreed way forward of DM-RS and CSI-RS in R1-091066.

· DM-RS
· Transmitted only in scheduled RBs and the corresponding layers

· RSs on different layers are mutually orthogonal

· RS and data are subject to the same precoding operation

· Complementary use of Rel-8 CRS by the UE is not precluded
· CSI-RS
· Cell specific
· Sparse in frequency and time
From the agreements shown above, general concept of two downlink RS types is defined and further details on LTE-A DL-RS have been discussed in conjunction with Rel-8 CRS. In RAN1 #56bis meeting, two way-forwards R1-091655 and R1-091657 on CSI-RS were discussed and the issues are still open. Two contributions were written under different understanding of DM-RS since the agreed way-forward R1-091066 can be interpreted in two different ways as follows.
· Alt-1: newly designed DM-RS will be only used for 8Tx LTE-Advanced system and the Rel-8 CRS can be reused for demodulation as well as measurement when the LTE-Advanced eNB has 1, 2, 4Tx antennas.

· Alt-2: newly designed DM-RS will be used irrespective of the number of antenna ports in LTE-Advanced system.
From these different interpretations, we are now having two alternatives for CSI-RS design in LTE-Advanced. Therefore, further clarification seems to be needed for both DM-RS and CSI-RS to have a progress on DL-RS issues.

2. DM-RS

The main advantage of the precoded DM-RS is low RS overhead when larger number of antennas is employed in a system since its overhead is dependant on the rank. Since the rank is closely related to a channel correlation and UE geometry, a probability of the lower rank transmission in a cell is relatively higher than that of higher rank. Therefore, lower RS overhead can be assumed as compared with CRS only based system and it is agreed, due to lower RS overhead, to have two types of reference signal such as DM-RS and CSI-RS. Another advantage of precoded DM-RS is easy implementation of classical beamforming in a highly correlated channel by using DoA information. To enjoy this benefit, transmission mode-7 (i.e., antenna port 5) is specified in Rel-8 and dual-layer beamforming will be employed in Rel-9. This type of array antenna gain can be exploited when the channel correlation is high so higher rank transmission seems hard to be expected in this scenario. The 1, 2, 4Tx MIMO is well designed in Rel-8 and all the functionalities of Rel-8 will be implemented in LTE-A UE as well. Therefore, to minimize specification effort and implementation cost, it is preferable to reuse 1, 2, 4Tx system we already have in Rel-8 when LTE-A system has 1, 2, 4Tx antenna ports and some other types of CSI feedback may be introduced for further optimization if needed. Therefore, Alt-1 seems to be appropriate as a way forward.    

3. CSI-RS
Two issues related to CSI-RS have been discussed. One is how many types of the new CSI-RS will be designed for LTE-A system and the other is whether the legacy CRS will be reused as a part of CSI-RS for supporting 8Tx antennas.

· New CSI-RS support

In two way-forwards in R1-091655 and R1-091657, the main difference is whether the new CSI-RS will be defined when LTE-A eNB has 1, 2, 4 and 8Tx antenna set up. As discussed in DM-RS section, if LTE-A system employs 1, 2, 4Tx antenna set up, legacy CRS can be used for demodulation as well as measurement, thereby new CSI-RS is not needed to define. Therefore, new CSI-RS is only needed for 8Tx antenna ports to support higher order MIMO that is required for peak spectral efficiency requirement.
· Legacy CRS reuse for 8Tx antenna support

Antenna virtualization is necessary to support both Rel-8 and Rel-10 in a same cell with full power transmission. For example, if 2Tx antenna port is used for Rel-8 and 8Tx antenna port is used for LTE-A, antenna virtualization enables full power transmission for both types of UE.  In [1]-[2], it is proposed that legacy CRS can be reused as a part of CSI-RS to support 8Tx antenna port in order not to waste the RS overhead. To reuse the legacy CRS as a part of CSI-RS, the antenna virtualization should be used for LTE-A CSI-RS as well. However, it is noted that if antenna virtualization is used for 8Tx antenna port, virtual channel is only seen by UE so that wideband transmission such as wideband precoding cannot be used if small-delay CDD types of antenna virtualization is employed. Note that fixed matrix based virtualization has more serious problem such as fixed beamforming that may result in non-uniform control channel coverage. To solve this problem, virtualization matrix can be specified so that a UE can see the physical channel and wideband transmission can perform properly. Therefore, in our point of view, if antenna virtualization is specified legacy CRS can be reused as a part of CSI-RS. Otherwise, new CSI-RS without legacy CRS reuse should be defined for higher order MIMO.

4. Conclusions

In this contribution, we discussed on DM-RS and CSI-RS issues in LTE-Advanced based on the two way forwards discussed in RAN1 #56bis meeting. From the discussions, our point of view can be summarized as follows:

· If eNB supports up to a maximum of 4-layer transmission, only Rel-8 CRS are used for channel measurement.

·  If antenna virtualization is specified, legacy CRS can be reused as a part of CSI-RS. Otherwise, new 8 CSI-RS should be defined to support higher order MIMO.
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