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1 Introduction
In LTE release-8, a common reference signal (CRS) is used on the downlink (DL) for both channel measurement (CQI/PMI/RI) and demodulation. In order to support higher order MIMO (with up to 8 antenna ports) in LTE-A, eight CRSs defining eight antenna ports are needed to measure the channel of each antenna port, and then calculate CQI, select PMI and RI based on the measurement. In order to fulfill the requirement for the backward compatibility with LTE [3] [4], among the eight CRSs, four LTE-A CRSs (0~3) will reuse the LTE CRSs corresponding to antenna ports 0~3 for both demodulation and measurements. The remaining four LTE-A CRSs defining additional four antenna ports 4~7 need to be defined. 

In [1], two types of DL RSs are defined for higher order MIMO, the demodulation RS (DM-RS) and the RS for CQI/PMI/RI reporting (CQI-RS). DM-RSs are transmitted only in scheduled resource blocks and are used for PDSCH demodulation, whereas CQI-RSs should be shared by all the LTE-A UEs in a given cell, i.e. they are CRSs. The four additional CRSs (for port 4~7) should implement the function of CQI-RSs at least. This is further discussed in Section 3 below.  
In the following section, principles for CRSs 4~7 design to ensure backward compatibility for LTE UEs is discussed.

2 Backward compatibility 
In the resource blocks with eight CRSs for port 0~7, LTE-A UEs will identify all the CRSs and use them for measurements and/or demodulation. However, to ensure backward compatibility, the RS for port 4-7 can not be transmitted in all resource blocks or in arbitrary resource elements as is discussed below. 
A LTE-A eNB is backward compatible and thus required to serve both LTE and LTE-A UEs. To receive control information from eNB, both LTE and LTE-A UEs need to detect the same primary/secondary synchronization signal, PBCH and other control channels (PCFICH, PDCCH, and PHICH). Therefore, the LTE transmission structure of these channels should be reused in LTE-A system and utilize port 0-3 only. To maintain coverage and utilization of all power amplifiers, power balancing needs to be considered, which may be obtained using antenna virtualization.
Furthermore, in order to preserve the demodulation performance of the mentioned channels, and since LTE UE is unaware of e.g. transmission of CRS for port 4-7, the resources used for PBCH, PCFICH, PDCCH, PHICH and synchronization channels in LTE should not be punctured by LTE-A physical signals or channels. Thus, the CRSs 4~7 should not be transmitted in the resource blocks or resource elements with PBCH, where there are synchronization signals transmitted or in the LTE control region (as indicated by the PCFICH). 
Proposal: The RS for port 4-7 shall not be transmitted in the resource block used for PBCH, or resource elements used for PCFICH, PDCCH, PHICH or synchronization channels.

The exact placement and transmission of the CRS for port 4-7 are FFS.
3 Overhead of RS for port 4-7
In LTE Release-8, the overhead of RSs in the case of four antenna ports is about 15%. Even if the density of CRSs 4~7 in LTE-A is the same as that of antenna port 2 and 3 in LTE, the total CRS overhead will be about 24% which is unacceptable. It is thus desirable to keep the overhead of CRSs 4~7 to a minimum. 
If we separate the CRS for port 4-7 into DM-RS and CQI-RS, the density of CRS 4~7 is reduced and thereby the CRS overhead for port 4-7 is reduced. Furthermore, the transmission of CQI-RS in the time domain could be sparse. The reason is that higher order MIMO are often related to the high SNR and rich scattering environments of hot spot, indoor and home eNB deployments, where the UE has low mobility. As these UEs are moving at low or zero speed, the channel variation in the time domain is rather slow. Hence, for measurements, the density of CRS 4~7  in time direction can be reduced and CRS for port 4-7 need not be transmitted in every slot. Also, CRS density in frequency direction should be analyzed. These techniques will reduce the CRS overhead
In addition to reduced CRS density in time-frequency domain, code multiplexing (CDM) of RSs can be considered to reduce the CRS overhead but the design and possible impact on the performance of LTE UE needs to be studied.
Proposal: The RS for port 4-7 shall be separated into demodulation RS (DM-RS) and measurement RS (CQI-RS). 

Proposal: The required density of the CQI-RS for port 4-7 in both time and frequency direction shall be optimized with the aim to reduce RS overhead for port 4-7. 
4 Conclusion
In this document, RS issues for eNB with eight antenna ports are discussed. We propose the following:
· The RS for port 4-7 shall not be transmitted in the resource block used for PBCH, or resource elements used for PCFICH, PDCCH, PHICH or synchronization channels.

· The RS for port 4-7 shall be separated into demodulation RS (DM-RS) and measurement RS (CQI-RS). 

· The required density of the CQI-RS for port 4-7 in both time and frequency direction shall be further studied with the aim to reduce RS overhead for port 4-7. 
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