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1
Introduction
Employing larger number of transmit antennas is required for meeting the peak requirements set by LTE- Advanced [1]. Therefore, it is decided to consider MIMO operation with up to 8 transmit antennas in LTE-Advanced.  

In this document we outline some design issues regarding reference signal design and MIMO schemes for multiplexing and diversity purposes for support of higher order MIMO operation. We will also discuss some possible enhancements of the existing MIMO related operations, e.g. MU-MIMO, that can improve UE experience and overall system gain. Design and enhancements of MIMO operation should be carried out with the backward compatibility with Release 8 in mind. 

2
Reference Signal Design
Release 8 of LTE provides Reference Signal (RS) for up to 4 antenna ports. In order to support higher order MIMO operation, the LTE-A UEs should be able to estimate the channel possibly from 8 antenna ports. Therefore, it is required for the LTE-Advanced to provide RS for up to 8 transmit antennas. 
Currently, common RS (CRS) is used for both measurement purposes, channel information (CQI/PMI/RI) computation and feedback, and demodulation purposes. The overhead incurred by CRS with 4 antennas ports is 14.28%. Using the same density as for antenna ports 2 and 3 in LTE for the new antenna ports (4 through 7) would result in an overhead of 23.8%!! 

In an effort to reduce the RS overhead, one can think of separating RS for demodulation, from RS for CQI and measurements computation. 

In summary,

· RS for demodulation – needed every subframe where data transmission is present 

· RS for channel information (CQI/PMI/RI) estimation – needed every CQI reporting cycle (not necessarily every subframe)

· RS for measurements – needed every subframe to minimize measurement latencies and DRX impact. LTE Rel-8 measurements defined based on strength of RS on antenna ports 0 and 1, although the air-interface defines RS structure for up to 4 antenna ports. 

Clearly, the RS for channel information estimation does not need to be present in every sub-frame and can have lower duty cycle. In this case, the RS for demodulation can be based on the UE-specific RS or dedicated RS (DRS). In this scenario, the DRS overhead is embedded in the data transmission for that UE. Furthermore, this overhead may be incurred only in case transmission with additional antenna ports is necessary. Note that for this case, Release 8 UEs in the same carrier will not be affected by the DRS of LTE-A UEs.

The impact of introducing RS for additional antenna ports (4 through 7) on the performance of legacy UEs needs to be minimal. In addition, it is important to note that the behaviour of legacy UEs is in accordance to Rel-8 and the presence of RS for new antenna ports will not be known. Considering CRS operation for both demodulation and CQI measurements can have large impact on the performance of legacy UEs. Low duty cycle CRS for channel information feedback computation and DRS for demodulation will insure that the impact is reduced. 
2.1
Common Reference Signals
Given the previous discussions on RS overhead and impact on legacy UEs, it is desired to have (common RS) CRS for the additional antennas only for CQI computation and measurement purposes, effectively: 

· The CRS for the Release 8 UEs, i.e. legacy CRS, will still be present in every subframe to avoid any performance loss for Release 8 UEs.

· RRM measurements are carried based on antenna ports 0 and 1 (that are present in every subframe) 

· CRS for additional antenna ports along with legacy CRS is used for channel information feedback (e.g., PMI, CQI, RI) computation by LTE-A UEs. The CRS for new additional antennas can have low duty cycle.

Resources taken for the CRS transmission of additional antenna ports can be present in different locations, e.g., data and/or control region of Release 8. The impact of CRS transmission at designated resources on legacy UE performance in DL (and possibly UL) and complexity of operation for LTE-A UEs needs to be studied closely.
2.2
Dedicated Reference Signals
We propose considering DRS operation for demodulation purposes in support of 8 antenna ports. The number of formats and the DRS patterns is a study that should take into account the overall system performance and the trade-off between channel estimation and rate-loss due to overhead. 
DRS operation for demodulation purposes has the following benefits:

· Incurred overhead is UE-specific. In particular Release 8 UEs will not see additional overhead from higher order transmission to LTE-A UEs.
· Overhead reduction with precoded DRS: Using precoded DRS allows for smaller pilot overhead, as it only provides reference for the precoded directions of the channel. It also allows for reducing the overhead due to precoding information in DL control signalling. 

· Partial Loading: Overhead is present only when data transmission is present. Also, DRS and data see the same interference. 

3 MIMO schemes

3.1 Multiplexing Schemes
The current multiplexing scheme for SU-MIMO is MCW operation with maximum of 2 codewords. Having 8 antennas, the number of codewords can possibly be increased. The following issues should be addressed in design of multiplexing schemes for higher order MIMO:

· Number of codewords: Number of codewords and the codeword to layer mapping need to be decided for higher order MIMO operation. The number of codewords considered for 8 Tx antenna operation depends on the baseline receiver structure. Also increasing the number of codewords incurs larger overhead in uplink for HARQ acknowledgement and channel information feedback transmission.
· Current Precoding design in the Release 8 are for 2 and 4 Tx antennas. New precoding design is required for 8 Tx antenna configuration. The design needs to consider the following:
· Practical antenna configurations for 8 Tx antenna system and channel models, e.g. dual polarized antenna systems, highly correlated antenna array.

· Feedback overhead and performance trade-off

3.2 Transmit Diversity Schemes

Transmit diversity schemes in LTE Release 8 are SFBC and SFBC-FSTD for 2 and 4 transmit antenna configurations respectively. New transmit diversity schemes employing larger number of antennas are possible in LTE-Advanced. Also, it is desirable to provide additional diversity to Release 8 UEs from the larger number of antennas available at NodeB. This should be done in a transparent manner since Release 8 UEs can estimate the channel from at most 4 transmit antenna ports.

For LTE-A users,
· the diversity operation in legacy control region and common control channels is limited to the legacy transmit diversity operations (up to 4 antennas) for which the legacy CRS is present in every subframe.

· for data (and possible new control) region, more diversity schemes using up to 8 Tx antennas can be considered. Extension of the existing schemes for 4Tx antenna configuration is a possibility. Schemes that provide joint diversity and multiplexing can also be considered.

4 MU-MIMO operation for LTE-A
The current MU-MIMO operation defined in Release 8 can only provide gains in closely-spaced antenna arrays. The feedback mechanisms are the same as SU-MIMO operation. Enhanced MU-MIMO operation can provide system wide gains and improve cell spectral efficiency.  
For LTE-A, better mechanisms needs to be considered to support MU-MIMO operation. The following are some of the mechanisms that can be studied
· Feedback mechanism specifically designed for MU-MIMO operation that depart from SU-MIMO rank 1 report and take the interference from other multiplexed UEs into account.
· MU-MIMO operation with multiple layer transmission per UE
· User multiplexing schemes like zero-forcing and Dirty Paper coding (DPC) to be considered as well, with complexity and robustness issues taken into account.
· MU-MIMO operation with DRS that allows for finer granularity precoding schemes.

· Downlink control signalling in support of MU-MIMO operation, e.g., providing information about the interferer vector(s) and the power share between UEs multiplexed together.
5 Conclusion
In this contribution, some design issues for DL MIMO operation for LTE-Advanced was considered. Operation of higher order MIMO and possible enhancements to the multiple antenna transmission techniques in the current Release of LTE are overviewed. In summary, the following design guidelines are proposed:
· Low duty cycle CRS for additional antenna ports used for channel information feedback computation.

· DRS-based demodulation of transmissions associated with higher order antenna ports operation

· Enhanced MU-MIMO operation with better feedback mechanisms and possibly multiple layer transmission per UE
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