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1. Introduction 
In ‎[1] some initial simulation results using 4Tx antennas and dual stream transmission was shown. It was noted that there is a large potential in using 4 Tx antennas for the dual stream MIMO scheme currently being standardized for Rel-7. Using 4 Tx antennas can, potentially, increase the antenna gain with 3dB, hence providing larger coverage for high bit rates. In ‎[1] the ideal case using perfect eigenvectors was studied. In this contribution we extend the investigation to more realistic code-books. We compare the performance of the “ideal” eigenvectors with that of a code book obtained from a DFT matrix. We look at the performance for both a 2-bit and a 4-bit codebook based on DFT vectors.
2. 4 Tx antenna dual stream MIMO transmission
The main advantage with going to 4 Tx antennas is that an increased beamforming gain can be expected. This increased gain will lead to a better SINR distribution in the cell compared to the two Tx antenna case. 
2.1. System level evaluation macro scenario

We have simulated the performance of a 4 Tx antenna system with 2 different code-books. The first code book is a 2-bit codebook taken as the DFT(I), while the other is an over-sampled version described by 4 bits. The system layout consists of 36 cells (12 3-sector sites) with 1500m ISD using SCM urban micro channel model. The users are equipped with MMSE receivers without rank adaptation. The antenna separation on the network side is 10( which provides a reasonable de-correlation of the fading between the antennas. 
The SIR distributions of the first and second stream are depicted in Figure 1. It is noted that if no quantization of the beamforming vectors occurred, there is a large gain in using 4 Tx antenna beamforming. The 4 Tx case clearly outperforms 2 Tx D-TxAA, even if a small code-book is used.
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Figure 1: SIR distribution for the first (left) and second (right) stream.
We also investigate the user bit-rate that the 4 Tx case can provide, and this is once again a comparison between D-TxAA (2 Tx) and different code-book sizes for the 4 Tx antenna case. The distribution of the user bit-rate is shown in Figure 2. The results follow that presented in Figure 1, and a very large gain is to be expected if non-quantized beamforming weights could be used.
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Figure 2: User bitrate distribution for the 4Tx antenna case using different quantization.
The 4 Tx antenna case show a clear advantage over D-TxAA. There is a small loss in performance for the 2-bit codebook compared to the 4-bit code book. This is most notable for high throughputs; this effect is also visible in Figure 1 (left).
2.2. Indoor scenario

To further illustrate the possible gain with 4 Tx antenna transmission, we have simulated an indoor scenario based on the same model used in ‎[2] where a detailed description of the system can be found. In this case we have also included 64QAM modulation transport formats to show the potential gain for very high bit-rates, more details can be found in ‎[3]. Note that in this simulation we have used MMSE-SIC receivers and no pre-coding at the cell sites. However, no significant difference is expected if pre-coding is used, we can maybe expect slightly higher throughput when pre-coding is applied since some beamforming gain is expected.
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Figure 3: System throughput for 90th percentile user throughput.
From Figure 3 we note that the gain of increasing the number of Tx antennas is significant. This is especially noted for the case when 64QAM is applicable.

3. Impact on specification

Even if a larger codebook is expected to give a larger gain, we propose to adopt a 2-bit code-book. If a 2-bit codebook is used, minimal implications on the currently agreed MIMO signaling ‎[4] is expected. The same HS-SCCH and HS-DPCCH can be used since only maximum 2 data streams are transmitted. The only impact foreseen is that new common pilots need to be defined for this case. It is proposed to use the P-CPICH and its diversity pattern on the first two antennas while an S-CPICH and its diversity pattern is used on antenna three and four. 
4. Conclusions

The use of 4 Tx antennas and a corresponding codebook is expected to give considerable gains in user as well as system throughput. This is especially evident when 64QAM is included as a modulation format.

We propose:

· To adopt a 2-bit codebook (i.e. a codebook consisting of 4 vectors) with orthogonal columns. In particular, it is proposed that the code-book is constructed from DFT(I), hence
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· To use the P-CPICH and an S-CPICH together with their respective diversity pattern as phase references.

· No further implications on Layer 1 signaling are foreseen.

References

[1] R1-062258, “Performance of 4 Tx antenna operation in UTRA MIMO”, RAN1 Meeting #46, August 2006.
[2] R1-051189, “MIMO system level simulations: Indoor Scenario results”, Ericsson, RAN1#42bis, San Diego, 2005.
[3] R1-063500, “64QAM for HSDPA – Indoor Performance with/without MIMO”, Ericsson, RAN1#47, Riga, 2006.
[4] R1-063009, “LS on status of Rel-7 FDD MIMO”, RAN1, RAN1#46bis, Seoul, 2006.







_1223857199.doc
[image: image1.emf]0 5 10 15 20 25


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Stream 2


SIR [dB]


 


 


d-txaa


q-txaa2


q-txaa4


svd





_1223858835.doc
[image: image1.png]90th Percentile of User Throughput
30 T T
-&- 1x2, 16QAM ; i
—+— 1x2, 64QAM
-G 4x2, 16QAM, MIMO
—+ 4x2, 64QAM, MIMO
-&- 2x2, 16QAM, MIMO
—— 2x2, 64QAM, MIMO

251

)
o
T

o
T
i

=)
T
i

User Throughput [Mbps]

System Throughput [Mbps/cell]








_1223859463.unknown

_1223858312.doc
[image: image1.emf]0 5 10 15


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


User bitrate


User bitrate [Mbps]


 


 


d-txaa


q-txaa2


q-txaa4


svd





_1223857146.doc
[image: image1.emf]0 5 10 15 20 25


0


0.1


0.2


0.3


0.4


0.5


0.6


0.7


0.8


0.9


1


Stream 1


SIR [dB]


 


 


d-txaa


q-txaa2


q-txaa4


svd





