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1. Introduction
At the RAN1#40bis (Beijing), RAN1#41 (Athens), and RAN1 ad hoc (Sophia Antipolis) meetings, most companies proposed OFDM based radio access in the downlink. Thus, OFDM-based radio access is the most promising scheme in the downlink. MIMO channel transmissions such as MIMO multiplexing (SDM: space division multiplexing) and MIMO diversity represent mandatory techniques for improving the achievable data rate or for gaining the space diversity effect. Therefore, this contribution proposes transmission phase control to improve the signal detection accuracy by compensating for the high fading correlation among antennas in MIMO multiplexing.

2. Motivation for Contribution

In MIMO multiplexing, different channel-encoded data sequences are transmitted from different antennas using the same transmission bandwidth and sub-frame to take advantage of the difference in the channel variations. At the receiver, simultaneously transmitted parallel data sequences are separated by signal detection methods such as maximum likelihood detection (MLD) [1], V-BLAST [2], and the minimum mean squared error (MMSE) based filter [3]. The signal detection accuracy depends on the accuracy of the generated channel matrix, which comprises the channel estimate between respective transmitter and receiver antennas. When the fading variation, i.e., channel variation, among transmitter and/or receiver antennas is uncorrelated, good signal detection is achieved. However, the signal detection accuracy is degraded when the fading correlation among the antennas is highly correlated, leading to degradation in the achievable throughput. Therefore, this contribution presents transmission phase control associated with transmitter calibration in MIMO multiplexing to mitigate the performance degradation due to high fading correlation among channel variations of simultaneous data streams.

3. Proposed Transmission Phase Control to Compensate for High Fading Correlation

We propose the following scheme based on Paulraj’s method [4].
(1) Optimum transmission phase control of each antenna according to the number of transmission antennas and data modulation level 

The purpose of the scheme is to decrease the high fading correlation among antennas. Based on [4], it was reported that the optimum transmission phase constellation is identical regardless of the fading correlation among antennas. The proposed scheme adaptively changes the transmission phase constellation according to the data modulation (QPSK, 16QAM, and 64QAM) and the number of transmission antennas. Figure 1 shows the optimum transmission phase constellation using QPSK modulation for two and four-branch MIMO multiplexing. As shown in the figure, the transmission phase constellation is employed so that the Euclidian distance between the constellations is maximized in the worst correlation case. Similarly, Fig. 2 shows the optimum transmission phase constellation for 16QAM data modulation.
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Figure 1.  Optimum transmission phase constellation for QPSK modulation
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Figure 2.  Optimum transmission phase constellation for 16QAM modulation
(2) Transmitter RF circuitry calibration

The above-mentioned optimum transmission phase at each transmission antenna must be achieved at the antenna output. Thus, the transmitter RF circuitry must be calibrated to compensate for the difference in the phase variation at the respective transmitter RF circuitries similar to adaptive beam forming transmission. The transmitter RF circuitry calibration is performed in the following manner.

· The difference in the phase and amplitude variations among the transmitter RF circuitries is measured employing the common pilot channel.

· The phase and amplitude variations among the transmission branches are compensated.

The transmitter RF circuitry calibration must be performed periodically. 

Figure 3 is an example of the transmitter structure using the proposed transmission phase control for MIMO multiplexing. Moreover, Figure 4 indicates an example of the receiver using the proposed transmission phase control. 
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Figure 3.  Transmitter structure with transmission phase control associated with transmitter RF circuitry calibration
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Figure 4.  Receiver structure with transmission phase control
4. Impact on Air Interface

· Transmission phase control

(1) Definition of transmission phase constellation

The transmission phase constellation must be defined according to data modulation and the number of transmission antennas.

(2) Feedback information

CQI information is fed back from the UE through the uplink control channel in order to decide the data modulation.

Information pertaining to the data modulation scheme and the number of transmission antennas is sent to the UE through the downlink control channel. Since the relationship between the phase rotation value, and the number of antennas and data modulation schemes of each antenna is predetermined, additional control signaling bits to inform the UE of the phase rotation value are not needed.

· Transmitter RF circuitry calibration

There is no impact on the air interface.

5. Conclusion

This contribution presented the transmission phase control associated with the transmitter RF circuitry calibration to reduce the high fading correlation among different simultaneous data sequences in MIMO multiplexing. The impact on the air interface of the proposed scheme is as follows.

(1) Definition of transmission phase constellation

The transmission phase constellation must be defined according to the data modulation and the number of transmission antennas.

(2) Feedback information

CQI information is fed back from the UE through the uplink control channel in order to decide the data modulation.

Information pertaining to the data modulation scheme and the number of transmission antennas is sent to the UE through the downlink control channel.
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