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1. Introduction
Employing larger number of transmit antennas is required for meeting the peak requirements set by LTE-Advanced [1]. The efficiency of this advanced MIMO scheme depends on the proper reference signal design, which on one hand helps obtaining channel estimation, on the other hand demands high resource overhead. Large number of antennas required by advanced MIMO schemes is a challenge for reference signal design.

In the previous meetings, many contributions have presented affluent views on the DL RS design for LTE-advanced. In this contribution, we outline some design issues regarding reference signal in support for higher order MIMO schemes: 

· Backward compatibility: LTE UEs should be supported in LTE-A networks. This means that additional reference signal should be transparent to LTE UEs or LTE UE operation associated with reference signal should not be affected.

· Low overhead: higher order MIMO schemes will provide substantial gain over the exiting MIMO schemes to meet the peak requirements set by LTE-A, even taking into account the additional RS overhead. Therefore, it is necessary to investigate the trade-off between the RS overhead and the system performance including estimation performance and schedule gain.

· System deployment flexibility: that must be maintained, considering that not all cells will make use of eight transmits antennas. 

· Simplicity: additional RSs should not introduce unnecessary complexity. Scheduling limitations on LTE UEs should be kept at a reasonable level.
2. Discussion
Higher order MIMO technique is used to improve PDSCH throughput. Therefore, reference signal for antennas#5-#8 is only severed for PDSCH demodulation and channel measurements.
In order to support higher order MIMO transmission, additional common reference signals (CRSs) or/and additional dedicated reference signal (DRSs) are necessary to estimate the channel and measure the channel quality. In the following, four alternatives based on the referred contributions are analyzed, and views on the DL RS design are also given. 
Alt1: additional DRSs and CRSs from antennas #5-#8 are specified. 
· CRSs for antenna port 0-3 as defined in Rel-8 LTE are extended to LTE-A system and served for both LTE and LTE-A UEs. These CRSs are served for channel measurement and demodulation. 
Antenna port mapping: To avoid power loss and guarantee backward compatibility, antenna ports 0-3 in LTE-A system are not mapping onto physical antennas1-4, but one antenna port is mapping onto two physical antenna, such as antenna port 0 mapping onto physical antenna#1 and #5, antenna port 1 mapping onto physical antennas #2 and #6, antenna port 2 mapping onto physical antennas#3 and #7, and antenna port 3 mapping onto physical antennas #4 and #8. Based on this mapping scheme, the channel information from the antenna ports 0-3 is the sum of the two physical antenna channel information. 
· Additional CRSs for antennas #5-#8 are placed sparsely in the reserved resource blocks with the time/frequency interval of 
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RB. These CRSs are served for channel measurement. 
It is noted that the additional CRSs are mapping onto physical antennas #5-#8. According to the mixed channel information from the antenna ports 0-3, the channel information from the physical antennas #1-#4 can be obtained. Considering that the additional CRSs for antennas #5-#8 are used only as channel measurement, its density in time/frequency domain shall be sparse.
· Additional DRSs for antennas #5-#8 are placed in the resource blocks allocated to UE to support  8 antennas transmission. These DRSs as well as CRSs for antenna ports #0-#3 are served for demodulation jointly. 
It is noted that the additional DRSs is mapping onto physical antennas #5-#8. According to the mixed channel information from the antennas ports 0-3, the channel information from the physical antennas#1-#4 can be obtained. Different from the additional CRSs, additional DRSs’ density in time/frequency domain can be kept the same level of the antennas ports 0-3.
· Considering that there exists the same allocation frequency band for additional DRSs and additional CRSs for antennas #5-#8, the additional CRSs pattern can be a subset of the additional DRSs pattern. It will simplify the pattern design of additional DRSs and additional CRSs and decrease the detection complexity of LTE-A UEs.
· Merit: 

· To keep the performance of LTE-R8 UEs and balance the transmitted power of each antenna.
· To maintain a trade-off between accurate channel estimation and accurate channel quality. 

· To keep the schedule flexibility of LTE-R8 UEs and LTE-A UEs.
Alt2: additional DRSs from antennas #5-#8 are specified. 
· Additional DRSs for antennas#5-#8 are placed in the resource blocks allocated to UE to support 8 antennas transmission. 
· In order to reduce overhead, both FDM-based and CDM-based reference signals need to be investigated.
· Channel measurements are performed by CRSs from antennas #1-#4.While Channel estimation and demodulations are performed by CRS from antennas #1-#4 and DRS from antennas #5-#8. 
· Merit:
· Accurate channel estimation and demodulation can be achieved. 
· Demerit:
· Channel measurements for 8 transmit antennas are very difficult. 
Alt3: additional CRSs from antennas #5-#8 are specified.
· Additional CRSs for antennas #5-#8 are placed in full bandwidth or bandwidth allocated for higher order MIMO transmission. 
· Channel measurements and estimation are performed by CRSs from antennas #1-#8.
· Merit:
· Accurate channel measurements and demodulation can be achieved. 
· Demerit:
· The overhead of CRSs for antennas #5-#8 may be relatively high in order to guarantee the performance of demodulation and measurement.
· When additional CRSs for antennas #5-#8 are placed in full bandwidth, LTE-A subframes need to be introduced. When additional CRSs for antennas #5-#8 are placed in bandwidth allocated for higher order MIMO transmission, the problem to backward compatibility can be avoided but it will constraint scheduler.
Alt4: new CRSs from antennas #1-#8 are specified.
· New CRSs for antennas #1-#8 are placed in full bandwidth or bandwidth allocated for higher order MIMO transmission. 
· Channel measurements and estimation are performed by CRSs from antennas #1-#8. 
· Merit: 

· Accurate channel measurements and channel estimation can be achieved. 
· Comparing with alt2, overhead of CRSs can be reduced because the density of CRSs for the antennas #1-#4 is decreased.
· Demerit: 

· When new CRSs for antennas #1-#8 are placed in full bandwidth, LTE UEs and LTE-A UEs should be multiplexed through TDM or FDM. That will introduce more scheduler constraints. When new CRSs for antennas #1-#8 are placed in bandwidth allocated for higher order MIMO transmission, it will introduce some scheduler constraints.
· Bad backward compatibility.
3. Conclusion
In this contribution, some potential RS design options for higher order MIMO transmission are discussed.
Comparing 4 alternatives, it can be concluded that: 
· Alternative 1 is the best solution to trade off the CRSs overhead and performance, as well as to keep the backward compatibility for LTE-R8 system.

· Specified reference signal pattern and frequency allocation of CRSs should be investigated based on complexity, flexibility and system performance.
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