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1 Introduction
In order to meet the peak data rate requirement [1], LTE-Advanced feasibility study includes the support of higher order MIMO in the downlink. Higher order MIMO considers up to 8X8 multi-antenna configuration. Therefore, the reference signal (RS) structure for 8 antenna ports should be defined for the UE measurement and demodulation.
In this contribution, we identify some issues on RS design to support higher order MIMO.
2 Basic Principles for the RS design
The following basic principles for the RS design should be considered in LTE-A:  
· Backward compatibility: LTE UEs shall be supported in LTE-A networks. Thus an LTE UE should be able to operate within an LTE-A networks with almost the same performance as it was in LTE networks. The new RS can only be interpreted by LTE-A UEs.
· Low Overhead: In LTE networks, the CRS overhead for 4 transmit antennas is 14.28%. If the same density as for antenna port 2 and 3 in LTE is applied for new antenna port 4~7 in LTE-A, it would result in a very high CRS overhead of 23.8% [2]. Therefore, we must consider the RS overhead when we design the new RS structure supporting 8 antenna ports. RS overhead should not be significantly increased.
· Simplicity: The introduction of the additional RS should not be unnecessarily complex.
3 Classifications of RS
In order to reduce the RS overhead effectively, it must be investigated over the different scenarios of higher order MIMO and analyze the effect and category of RS in LTE-A. The RS may always be categorized into two typical categories by different functionalities:
· RS for demodulation — used for channel estimation, to accomplish the correction and recovery for the received data, and obtain the performance gain of the coherent detection.
· RS for measurements — used to measure the channel quality of downlink, to help eNB with the corresponding scheduling, and improve spectrum  efficiency and user throughput.
4 Candidate RS Scheme for higher order MIMO
The following several aspects in designing the RS for LTE-A higher order MIMO can be considered.
· The supportive mode of RS in PDCCH for higher order MIMO: In LTE-A, higher order MIMO is used for increasing peak data rate for further exploiting diversity gain. However the spatial diversity gain achieved by TxD schemes is quickly saturated as the diversity order goes higher. If the diversity order is higher than certain level (e.g., diversity order 8), the gain from transmit diversity scheme is insignificant and it is more worthwhile to keep the implementation complexity minimum. If it is needed to support RS in PDCCH on additional antennas, the following two schemes could be considered.
1. The RS on the control area, i.e. direct support in control channel.
Advantage: support 8 TX on PDCCH, and no influence to data.
Disadvantage: worse performance of channel estimation, affecting scheduling and throughout capacity, design complexity.
2. The RS on the data area, i.e. sent the signaling by punches of PDSCH data, supported by common RS out of control range.
Advantage: influence less to PDCCH, simple design, better performance of channel estimation, support 8 TX on PDCCH, also can be used for measurements.
Disadvantage: large overhead, influence on data.
· The design considerations of RS in PUSCH:－ The following two aspects must be considered.
1. Whether to support PMI still 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.
2. For RS mapping, it must be based on the scenarios of higher order MIMO. Such as a RS for a subframe, or a RS for a time slot.
· The design considerations of RS for measurement:－ There are two possible schemes.
1. If we use CRS (Common RS) for 4 additional antenna ports, CRS can be used for measurements.
Advantage: design simple.
Disadvantage: large overhead and influence data.
2. If using DRS (Dedicated RS) for 4 additional antenna ports, we need to design 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.
Advantage: less overhead and not influence the other data.
Disadvantage: design complex.
· Reusing the RS by CDM style:－ It would impact the performance of LTE if we directly use CDM style for the additional RS on 4 existing antenna port. As we know port 0 and 1 should not be used for the purpose of measurements critical to the system performed on these ports. But we could apply CDM among the RS for 4 additional antenna ports. It would reduce the overhead on additional RS. 
5 Conclusion
In this contribution, we first investigated the basic principle for the RS design and the classification of RS. Then we study the possible RS scheme of higher order MIMO for LTE-A.
· Proposed to use CRS mode for supporting the PDCCH of higher order MIMO if the PDCCH can be supported for higher order MIMO
· Analyzed the scenarios issues of higher order MIMO in order to support the RS design of higher order in PDSCH
· Proposed the additional sparse RS for the measurement if not support the common RS
· Considered to apply CDM among the RS for 4 additional antenna ports
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