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Introduction

This document contains a the text proposal for the TR25.869 “Tx diversity solutions for multiple antennas” that is based on document R1-01-0635 [1] which was presented at the WG1 #21 meeting in Turin. The main purpose is to include simulation results for realistic long term feedback in the sections for the eigenbeamformer.

The following modifications to the text are proposed:

· addition of description on how the long term feedback bits can be coded

· simulation results are included that assume a time varying channel and a long term feedback error rate of 4%
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----- start text proposal part 1 -----

5.1.2
Long Term Feedback Scheme

From the set of M = 4 eigenbeams in 
[image: image1.wmf]V

, Nbeam vectors with the largest eigenvalues will be chosen to be transmitted in the long term feedback.

Each weight vector is a vector of complex numbers. The size of this vector equals the number of antenna elements (M = 4). Each complex vector element is quantized by a number of bits. There are different ways for quantization. For example, the absolute value and the phase can be quantized with 3 and 5 bits respectively. Hereby, the amount of bits can be reduced if the phase of the first vector element is set to zero. Thus, for the transmission of one eigenbeam 4*3+3*5 = 27 bits are necessary.

This number applies for the direct feedback of the eigenbeams from the UE to the Node B. Also methods with progressive refinement could be used that transmit only the difference to the previously sent vector. This could reduce the subsequent update period and an increased quantization / resolution is possible.

More advanced long term feedback concepts could be used which require less feedback bits.


To ensure good performance of the eigenbeamformer concept it is essential to add redundancy to the long term feedback. Therefore coding is used to be capable of detecting and correcting feedback errors. There are several possibilities to define such a code. One possibility described here is a simple BCH code with code rate of 54/110. For two coded eigenbeams a total of 110 bits are transmitted. The number of bits per eigenbeam roughly doubles and so the code is capable to detect and correct 9 bit errors. In the unlikely event of more than 9 bit errors in one coding block it can be assumed that the Node B detects this incorrect feedback by making a plausibility check, e.g. checking the orthogonality of the eigenbeams. In that case the previously used eigenbeams could be reused once more.

----- end text proposal part 1 -----

----- start text proposal part 2 -----

6.2.1
Link level simulation results of the eigenbeamformer

6.2.1.1
Uncorrelated case

In Figure 13 the performance of the eigenbeamformer with switching between Nbeam = 4 eigenvectors compared to the Release-99 mode 1 with two antennas is shown. The eigenbeamformer performs about 2.2 dB better than Release-99 mode 1 for the UE velocity of 3 km/h and 10 km/h. Using four eigenbeams in an uncorrelated scenario has the result that each antenna element is addressed by one eigenbeam and effectively switching between antenna elements is done.

For higher velocities the Release-99 mode 1 with only two antennas will have the same or better performance. This can be explained with the increased number of feedback bits for 4 antenna elements which cannot be transmitted fast enough.
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Figure 13. Simulation results for 0 dB geometry and uncorrelated antenna paths

Note that the velocity of 120 km/h is shown here for explanation of the behaviour and is quite unrealistic for the assumed Pedestrian A channel model. Since the antennas are uncorrelated, simulations with a time-varying covariance matrix are not applicable.
6.2.1.2
Micro cell scenario

For the micro cell scenario switching between Nbeam = 2 eigenbeams was done. For the eigenbeamformer two curves are shown. The curve entitled “EBF static, ideal LT feedback” shows the simulation result for the static, i.e. fixed covariance matrix over time, and error free long term feedback. The result with a BCH coded long term feedback with error rate 4% in the time varying model as described in R1-01-1358 is plotted in curve “EBF realistic LT feedback”.
A small degradation of about 1 dB can be seen at 3 km/h and 120 km/h for the realistic long term feedback. With this simulation the forgetting factor ( was kept constant for all speeds of the UE (( = 0.999). Different values of the forgetting factor depending on the mobile speed can be used for further improvement.
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Figure 14. Simulation results for 0 dB geometry and micro cell scenario

Note that the velocity of 120 km/h is shown here for explanation of the behaviour and is quite unrealistic for the assumed Pedestrian A channel model.
The average gain compared to Rel99 mode 1 is about 3 dB. The performance degradation because of errors in the long term feedback can be regarded as small and can potentially be reduced by further optimizations.
6.2.1.3
Macro cell scenario

For the macro cell scenario also switching between Nbeam = 2 eigenbeams was done. For all simulated velocities the eigenbeamformer performs with an advantage of about 3 dB compared to Release-99 mode 1. The performance of the eigenbeamformer degrades slightly less than 1 dB at 3 km/h and 120 km/h. The forgetting factor ( was again constant for all speeds. It can be further optimized depending on the UE speed.

[image: image6.png]E /lor [0B]

-15

-16

-17

-18

-19

Macro cell scenario, modified Veh A

- EBF realistic LT feedback —=—
EBF static, ideal LT feedback —ill—
Rel99 mode 1 ——

+— T

4

10 100
v [km/h]





Figure 15. Simulation results for 0 dB geometry and macro cell scenario

----- end text proposal part 2 -----
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