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1. Introduction
UTRA already supports a rich set of antenna systems.  Sectorization, beamforming, and both open and closed loop transmit diversity are all in the current specifications.  However, E-UTRA can be further enhanced by adding support for transmission on 4 diversity elements at Node B.

2. Reasons for Supporting More than Two Diverse Transmit Antennas

Some observations on four transmit antennas over one or two transmit antennas are:

1. Four diversity elements enables 4 stream MIMO transmission, allowing twice the peak throughput of 2 stream MIMO.  This enables the standard to support optional 4 element MIMO UE classes, and could be particularly useful in small cells.
2. Cells that use 4 diversity elements can then exploit the 4 diversity branches for better robustness on control channels.
3. Closed loop transmit diversity can be used to obtain both greater diversity gain and 3 dB greater array gain for delay sensitive services.
4. E-UTRA should have the support for at least four transmit antennas to be competitive with other broadband standards.

Note that UTRA supports a large number of beams (limited only by the number of scrambling and spreading codes the network wishes to use for S-CPICH).  We expect that E-UTRA will also support multiple secondary common reference signals, although the maximum number may not be as great as for UTRA.

Thus it is proposed that E-UTRA have the capability to support the transmission on up to four diversity antennas (or more) at the base.  This support is in the form of 1) transmit diversity schemes for the control channel (e.g., see [2]), 2) in FDD, DL pilot sequences that support up to at least four transmit antennas (e.g., see [1]), 3) in FDD, a means for the UE to feedback channel state information (CSI)
 (e.g., see [5]) 4) in TDD, a mechanism that enables the UE to sound the uplink channel [5] 5) dedicated pilots capability for the UE to measure a DL channel which is beamformed for that specific UE (unless codebook methods are used or if Node B signals the transmit weights to the UE).

We provide a text proposal in the Appendix that focuses on the reference signal and downlink MIMO.  We do not yet address algorithm specific details; these will be proposed as the diversity and MIMO discussions progress.
3. Performance Comparisons

In this section, link-level results with multiple transmit antennas are given to demonstrate the benefit for having more than two transmit antennas at Node B.

Single-Stream Closed-Loop Link Level Simulation Results for the Data Channel

Results are given using the 5 MHz bandwidth version of E-UTRA (i.e., 300 subcarriers are used for data, the DC subcarrier is skipped in the data allocation, and the FFT size is 512).  The UE has two receive antennas and Node B has one, two, four, or eight transmit antennas.  The 6-ray TU channel model was used for the simulations (with independent fading) with a UE speed of 3 kph.  The 3GPP turbo code was used with rate 3/4 64-QAM.  Node B transmits a single beamformed data stream to the UE using maximal ratio transmission [6] with transmit weights that track the frequency selectivity of the channel.  For the results there is a delay of 1.0 msec between the time the channel is measured for computing the beamforming weights and when they are applied on the downlink.  When using realistic feedback the uplink SNR matches the downlink SNR shown on the x axis.

Figure 1 shows FER results for one, two, four, and eight transmit antennas at Node B for ideal CSI (left) and for realistic feedback using direct channel feedback (DCFB) [5] (right).  Even with realistic feedback, about a 7.0 dB gain is obtained with four transmit antennas over a single transmit antenna and a little more than a 3.0 dB gain is obtained over two transmit antennas.
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Figure 1.
FER results for varying number of transmit antennas for single-stream closed loop transmit diversity (maximal ratio transmission) with ideal CSI (left) and using direct channel feedback (right).

Multiple-Stream Open-Loop MIMO Link Level Simulation Results for the Data Channel

These results are also for the 5 MHz bandwidth version of E-UTRA.  The UE has two or four receive antennas and Node B has two or four transmit antennas.  The 12-ray TU channel model was used for the simulations (with independent fading) with a UE speed of 3 kph.  The 3GPP turbo code was used with rate 1/2 QPSK.  The data streams are separately encoded on each data stream and successive cancellation is used at the receiver.
Figure 2 shows FER results for dual stream open-loop MIMO (two transmit antennas at Node B and two receive antennas at the UE) and for four stream open-loop MIMO (four transmit antennas at Node B and four receive antennas at the UE).  The results clearly show that as long as channel conditions are favorable, at similar SNRs four diverse transmit antennas can support twice the data rate as two diverse antennas.
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Figure 2.
FER results for 2x2 (dual stream) MIMO and 4x4 (four stream) open-loop MIMO with successive cancellation reception at the UE.

Control Channel Results with Multiple Antenna Transmission

Control channel simulation results are also given using the 5 MHz bandwidth version of E-UTRA.  The UE has two receive antennas and Node B has one, two, or four transmit antennas.  The 6-ray TU channel model was used for all simulations (with independent fading) with a UE speed of 3 kph.  The 3GPP turbo code was used with an input codeword size of 145 bits for rate 1/4 QPSK and the control channel was located on the first OFDM symbol in a subframe.  A delay of D=101 samples was used for Cyclic Shift Diversity (CSD) [2] for all number of transmit antennas.  The Alamouti STBC [3] was used for two transmit antennas at Node B and the four element quasi-orthogonal STBC [4] was used for four transmit antennas (a quasi-orthogonal code was used so that the data rate was identical to the other cases).  The symbol grouping for the STBCs was done across adjacent symbols in the frequency-domain.  Ideal channel estimation is assumed for these results.  Note that in all results the total power emitted from Node B is the same regardless of the number of transmit antennas.  Thus the results do not show the 6.0 dB additional link budget gain from using four transmit antennas (over a single transmit antenna) if the power transmitted by each antenna is fixed (e.g., each antenna transmits one watt regardless of the number of transmit antennas at Node B).

Figure 3 shows a comparison of the diversity methods for a varying number of transmit antennas.  Note that when employing four transmit antennas with CSD that there is close to a 1.8 dB improvement over a single transmit antenna and about 0.8 dB improvement over two transmit antennas (at a FER of 0.01).  Also note that the simple CSD scheme with four antennas performs very similar to the more complex quasi-orthogonal STBC scheme.
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Figure 3.
Comparison of diversity techniques with varying number of transmit antennas for rate 1/4 QPSK.  With four transmit antennas, the STBC obtains nearly a 2.0 dB gain over a single transmit antenna (at a 0.01 FER).
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 Appendix: Text Proposal

At the end of section 7.1.1.2.2, “Downlink reference-signal structure”, add the change marked text below:

--------------begin text proposal------------------

It should be possible to create multiple mutually orthogonal downlink reference signals.   

· To support transmission using multiple TX antennas within one cell. At least 4 orthogonal reference signals should be supported to enable higher-order downlink MIMO.
· To allow for orthogonal reference signals between sectors and fixed beams of the same Node B.
Mutual orthogonality between reference signals may be achieved in either the frequency domain (reference symbols of different antennas/sectors/beams transmitted on different OFDM sub carriers within a given OFDM symbol) or in the code domain (reference symbols of different antenna/sectors/beams modulated by mutually orthogonal patterns). Both alternatives are to be considered. 

Means to have good correlation properties also between reference signals of cells of different Node B should be considered.
--------------end text proposal------------------

Also change 7.1.1.4, “MIMO”, according to the change marked text below:

--------------begin text proposal------------------

7.1.1.4
MIMO

The baseline antenna configuration for MIMO is two transmit antennas at the cell site and two receive antennas at the UE. The possibility for higher-order downlink MIMO (four TX/RX antennas) should also be considered. 
--------------end text proposal------------------

























































































































































































































� The exact nature of the CSI to be fed back is FFS but could consist of channel feedback or codebook feedback of the transmit weight vector.
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