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1
Introduction
In [1]-[3] we showed that the enhanced transmitter precoding does not provide a meaningful gain (except for a low geometry range) compared to the primitive precoding which uses a single unitary transformation matrix (e.g., DFT) in the 2x2 or 4x4 antenna configurations  when we use MMSE-SIC receivers. The conclusion was valid in various channel models including the frequency-selective TU, link-level SCME, and correlated frequency flat channel [3]. 
On the other hand, when the channel rank is smaller than the number of transmit antennas (for example, 4x2 configurations), the precoding can provide a noticeable performance gain even for the MMSE-SIC receiver [1].  Moreover, when UE uses a linear MMSE receiver, the precoding may significantly improve the performance if the data transmission bandwidth is small enough to experience relatively a flat channel (e.g., localized transmission) or the precoding selection is adapted in the frequency domain. Therefore, in order to maximize the SU-MIMO performance in various environments, we need to consider an enhanced precoding based on multiple precoding matrices as well as a baseline primitive precoding (e.g., DFT).
In this contribution we present further aspects in designing the DL MIMO precoding for E-UTRA.   
2
Precoding Structure
In [4] we proposed a baseline primitive precoding scheme based on the virtual antenna concept and presented its extension to support a matrix selection based precoding, which are shown in Figure 1 and Figure 2, respectively. Furthermore, as a structure of the precoding matrix design and the virtual antenna design, we proposed the composite precoding matrix structure formed by the multiplication of different Unitary Diagonal Matrices to the DFT Matrix. More specifically, if 
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 is a randomly generated or structurally rotated diagonal matrix for the i-th precoding matrix construction and 
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 is the DFT matrix used for the baseline virtual antenna signaling, we can design the N precoding matrices by taking the form of 
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(i=1,2,…,N) in Figure 2.
On the other hand, as described in [4]-[6], the baseline virtual antenna (primitive precoding matrix) may also take a frequency-varying structure utilizing the concept of CDD (and even a time-varying structure through a slowly varying cyclic delay) in order to maximize a frequency-selective scheduling gain in the channel with low delay spread and a better matching of a finite precoding matrix set to a certain localized sub-band. In this case, the virtual antenna matrix will take the form of 
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 is a frequency-varying unitary diagonal matrix corresponding to frequency f.
In the perspective of UE, it is desirable that the UE does not know whether the virtual antenna matrix is frequency-varying or not. Rather, the frequency-varying component of the virtual antenna should simply be observed as the effective frequency selective channel. For this purpose, it is desirable to transmit the common pilots over the virtual antennas rather than the physical antennas. 

Then, if a signal (for example, a DL control channel) is transmitted over a single virtual antenna, it can naturally take the benefit of CDD.

With the above precoding structure, each UE will select the best precoding matrix and the column subset by evaluating the effective precoded channel [
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 corresponding to the s-th sub-matrix of the i-th precoding matrix for each sub-band, where 
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 is the s-th  sub-matrix of 
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 obtained by selecting column subsets.
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Figure 1
Transmitter structure for baseline S-VAP [4].
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Figure 2
An example of transmitter structure for pre-coded S-VAP [4]. (Me shall be Mt. Common pilots are not precoded but transmitted over virtual antennas.)
 3
Other Aspects of Precoding Design
In this section, we consider a few desirable aspects in designing the DL E-UTRA precoding.
1. A common rank per UE across RBs – In order to minimize the UL and DL signaling overhead and prevent two-dimensional HARQ blanking loss and in consideration of minimal impact on the system performance [7], we support a common rank per UE across RBs. 
2. The same feedback interval in time for CQI, precoding matrix index (PMI), and column subset index – In the closed-loop MIMO, all these parameters are dependent and need to be updated frequently. Unless different update intervals are proven to give noticeable gains in terms of trade-off of performance and overhead, we prefer the same or similar feedback interval for these parameters.   
3. The same sub-band size (reporting unit in frequency) for CQI, precoding matrix index (PMI), and column subset index – For the same reason, unless different sub-band sizes are proven to give noticeable gains in terms of trade-off of performance and overhead, we prefer the same sub-band size for these parameters.   
4. Precoding design in consideration of UE complexity – It is desirable if a lower rank precoding matrix can be constructed by using the column subsets of a higher rank precoding matrix to minimize the UE complexity in evaluating the selection metric.
5. Single precoding structure – A single precoding structure should be used unless a noticeable performance gain is shown for a variety of channels by using multiple structures of precoding matrices for each rank and across different ranks.
6. Precoding design and operation optimized for SU-MIMO – Precoding should be optimized in the perspective of SU-MIMO and should not be compromised for the MU-MIMO performance improvement. In consideration of the best precoding performance and a minimal overhead of SU-MIMO and MU-MIMO, semi-static switching is preferred between SU-MIMO and MU-MIMO modes.
7. Configurable number of precoding matrices – Number of precoding matrices should be configurable by BCH or higher layer signaling in consideration of overhead reduction and various precoding gains expected in various antenna configurations, receiver architectures, and channel environments [1].      
4
Conclusions
In this document, we detailed the precoding structure constructed by multiplying different unitary diagonal matrices by the DFT matrix. Furthermore, we described the frequency-varying (e.g., CDD based) virtual antenna signaling structure and its combining with the precoding design as a way to potentially improve the system performance especially in the channel with low delay spread, which is in line with [5]. Furthermore, we also discussed several desirable aspects in designing the E-UTRA DL precoding. 
We propose adopting the proposed precoding structure and the design aspects as a way forward for E-UTRA DL precoding.   
5
References

[1] R1-062700, Precoding structure for DL MIMO, Qualcomm Europe.

[2] R1-060458, Link analysis of single and multi codeword schemes – precoding, Qualcomm Europe.
[3] R1-061504, Link analysis of single user MIMO – impact of precoding on S-VAP, Qualcomm Europe.
[4] R1-060457, Description of single and multi codeword schemes with precoding, Qualcomm Europe.
[5]
R1-063345, CDD-based precoding for E-UTRA downlink MIMO, LG Electronic, Samsung, NTT DoCoMo.

[6]
R1-050903, Description and link simulations of MIMO schemes for OFDMA based E-UTRA downlink evaluation, Qualcomm Europe.
[7]
R1-063239, Rank feedback for MIMO E-UTRA, Texas Instruments.












































































































PAGE  
1

_1224265589.unknown

_1224266592.unknown

_1224266596.unknown

_1224266738.unknown

_1224265595.unknown

_1204029293.unknown

_1224264796.unknown

_1224264810.unknown

_1200492487.ppt






Turbo

Encoder

QAM

Map

Turbo

Encoder

QAM

Map

Turbo

Encoder

QAM

Map

Data Packet 0

Data Packet 1

Data Packet M-1

0

1

M-1

Virtual Antenna Signalling

0

1

Mt-1

OFDM

Mod

OFDM

Mod

OFDM

Mod

0

1

Mt-1

Rate

Prediction

and 

Power

Adjustment

CQI0 [X bits]

f(D1,D2, …, DM-1) [Y bits]

Receiver

Virtual Antenna Subset Index [Me bits]


























_1200495707.ppt






Turbo

Encoder

QAM

Map

Turbo

Encoder

QAM

Map

Turbo

Encoder

QAM

Map

Data Packet 0

Data Packet 1

Data Packet M-1

0

1

M-1

Virtual Antenna Signalling

0

1

Mt-1

OFDM

Mod

OFDM

Mod

OFDM

Mod

0

1

Mt-1

Rate

Prediction

and 

Power

Adjustment

CQI0 [X bits]

f(D1,D2, …, DM-1) [Y bits]

Receiver

Column Subset Index [V bits] 

0

1

Me-1

Precoding

Precoding Matrix Index [log2(K) bits]
































