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1 Introduction
In order to improve downlink peak data rate, cell edge data rate and system throughput in LTE-Advanced, high order MIMO of 8*8 multi-antenna and dual-stream beamforming will be introduced. Thus downlink reference signal (RS) of the additional antenna ports must be designed to support the transmission of 8 antenna ports and dual-stream beamforming.
When we design RS, some basic principles should be considered: 1) Backward compatibility: LTE UEs shall be supported in LTE-A networks; 2) Low overhead: RS overhead should not be significantly increased; 3) Simplicity: The introduction of additional reference signal should not be unnecessarily complex.
In this contribution, we discuss the design scheme of the downlink reference signal to support higher order MIMO, and also provide some considerations of UE-specific RS design for downlink dual-stream beamforming.
2 Reference Signal Design for higher order MIMO
The typical application scenarios of higher order MIMO should be indoor and low mobility, which needs to be considered when designing downlink reference signal. We suggest that the additional RS can be divided into 2 types, measurement RS and demodulation RS, which helps reducing design complexity. Some preferable candidate schemes have be showed as follows. 
· CRS + DRS mode: The RS for 4 additional antenna ports will be designed as common reference signal(CRS) in the first slot of a resource block, that can be used for the data demodulation and CQI measurement; while it will be set as dedicated reference signal(DRS) in the second slot of a resource block, which can be only used for the data demodulation. This design can guarantee the compatibility with LTE system and reduce design complexity, and it may support higher order diversity PDCCH.
· DRS + CQI mode: If designing the RS for 4 additional antenna ports as the way of dedicated reference signal (DRS), we need additional measurement RS. For example, similar to sounding mode in UE-Specific RS, or using cell-specific sparse RS, the position can be reserved or configurable, and the subframe of transmitted common sparse RS can also be configurable.
Whether supporting PMI or not in DRS way needs FFS: ▲If considering consistence with the 4 existing antenna ports, we could use PMI to signal the precoding matrix. The additional RS does not need to support precoding. ▲While if it is not compatible with the PMI of the 4 existing antenna, we could consider the way of carrying PMI in RS. 
· CDM mode: This method may also support higher order diversity PDCCH. 
· Option 1: CDM way could be applied to multiplex the RS for 4 additional antenna ports. It will be further reduced the overhead of additional RS. 
· Option 2: The RS for 4 additional antenna ports can be multiplexed with the RS for 4 existing antenna ports by CDM way. 
3 Consideration of UE-specific RS design for dual-stream beamforming
Beamforming technique can improve system performance and increase network capacity. It meets preferable result by using single-stream beamforming in LTE system. According to the requirement of LTE-Advanced [1], it provided higher peak data rate than LTE system in downlink, and Advanced E-UTRA should target the average spectrum efficiency to be as high as possible, given a reasonable system complexity. It is necessary to introduce the enhanced beamforming transmission technique in LTE-Advanced, such as dual-stream beamforming. That will obtain a better space multiplexing gain and increase system capability to meet the requirements of LTE-Advanced. The spectrum efficiency of dual-stream beamforming depends on the proper reference signal pattern design, to obtain best performance of channel estimation under a reasonable system overhead. 
For RS design of dual-stream beamforming, several aspects must be considered emphatically as followed.
· RS pattern: It must be considered the tradeoff between performance and overhead when designing RS for dual-stream beamforming. Following are some possible schemes. The consideration of performance can not be ruled out high-speed case, because of the possibility of high-speed scenarios by using multi-stream way.
All of the candidate design schemes need to be simulated and assessed.
· Option1: Inherit the R8 pattern, Employing the way of FDM

· Option2: Employing the way of CDM
· Option3: Employing the additional RS
· CQI estimation method: We tend to employing option 1 among the following options. If PMI is not used in beamforming, interference among streams should be adjusted according to the precoder from eNB, as well as spatial physical channel will be acquired by using SRS, basic channel will be acquired by CQI feedback of CRS. Possibly, we do not need CQI on all CRS, which needs FFS. Because of the need to acquire entire spatial channel information, sounding antenna must be set on UE as handover mode. 
· Option 1: Base on SRS and the CQI feedback of CRS, compensated by eNB 
· Option 2: Base on port 0
· Option 3: base on all CRSs
· Rank estimation method: Possible schemes as followed. Since SRS is used to acquire channel information in the CQI estimation, RI can be calculated by eNB itself. This also reduces uplink RI feedback. At present, option 2 fits our choice.
· Option 1: Determined by UE and feedback
· Option 2: Base on uplink SRS and the CQI feedback, determined by eNB 
4 Conclusions
In this contribution, we proposed several commendatory design schemes of downlink reference signal for high order MIMO:
· Employ CRS+DRS for the addition RS

· Employ DRS+CQI for the addition RS
· CDM way for the addition RS
Furthermore, we also gave some UE-specific RS design considerations to support downlink dual-stream beamforming and proposed some aspects which must be considered in designing RS, such as RS pattern design, CQI estimation method, rank estimation method, etc..
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