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1 Introduction

For E-UTRA downlink transmission, the common RS structure has been stable for several meeting cycles. The purpose of the common RS is mainly for channel estimation and CQI measurements, including channel estimation for closed-loop MIMO.  However, in a number of contributions, the need for downlink dedicated RS are addressed.  This includes using them for closed-loop precoding vector/matrices verification [1]-[3], TDD non codebook based precoding [4] and adaptive beaming forming [5] etc. In [6], a number of dedicated RS insertion options were proposed. The final decision on which option(s) are to choose should be based on the outcome of performance evaluations, as well as the real needs for dedicated RS. In this contribution, we evaluate the performance of closed-loop precoding vector/matrice verification using the dedicated RS through simulation. Similar results had been reported in the Orlando meeting [7].
2 Options for Dedicated RS
In [6], a number of dedicated RS insertion options are proposed. Here, we study the performance of two options proposed. The locations of dedicated RS for each option are illustrated in Figures 1 and 2. 

1. Option-1

· The dedicated RS are transmitted in the 2nd RS symbol in the second slot.
2. Option-2

· Similar to option-1, but to save overhead, use only half the number of tones as in Option 1. 
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Figure 1: Downlink dedicated RS option-1
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Figure 2: Downlink dedicated RS option-2
In [6], some other options are proposed. However, the performance of the codeword verification algorithm is mainly a function of the dedicated RS density. Note that most of the proposed options in [6] have similar or close density and therefore, should have similar performance in codebook verification.

3 Simulation Assumptions

The following parameters are used to simulate the performance of these schemes, unless is specified otherwise.
· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)

· TTI size = 2 sub-frames = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz

· Carrier frequency: 2 GHz

· Channel model: uncorrelated TU 3 km/h

· Cyclic Prefix: 72 samples

· RS: Scattered reference symbol density of 6 subcarriers as specified by working assumption and dedicated RS shown in Figures 1 and 2.

· Channel estimation: perfect CSI based on common RS. Dedicated RS is used to verify the codebook. 

· Codeword verification method: Maximum likelihood (ignoring the a priori probability values assuming unknown feedback bit error rate.) 
· Uplink precoding matrix/vector feedback bit error rate: 0.01
· Codebook: 4-bit Grassmannian (Rank-1 and Rank-2)
· Number of NodeB transmit antennas: 4

· Number of UE receive antennas: 2

· Feedback granularity: one feedback per 1, 2 or 5 RBs.

4 Simulation Results

Figure 3 shows the performance of the codeword verification using dedicated RS, when the feedback granularity is 1 RB or only one RB is assigned to an individual user. In other words, only four or two dedicated RS are utilized to verify the used codeword for options 1 and 2, respectively. The feedback bit error rate is set to 0.01. With such feedback BER, different codeword have different a priori probabilities and the correct codeword is the most probable one. A maximum likelihood decoder with knowledge of priori probabilities, can reduce the false alarm rate. However, we assume that the UE is not aware of this and therefore, the decoder assumes that all codewords have the same a priori probabilities. As shown in the Figure, rank-2 feedback verification performs better than the rank-1 codebook. This is because for rank-2 codebook, the matrices are uniformly distributed over a two-dimension sub-space resulting in larger minimum distance between different codewords compared with rank-1 codebooks where the codewords are uniformly distributed over a one-dimension sub-space, and the smaller the minimum distance is,  the larger the sensitivity to the codebook error will be. In addition, precoder verification based on option 1 results in about 3 dB gain over option 2. This is because the dedicated RS density in option 1 is twice as much as option 2 resulting in 3 dB more total power and slightly higher frequency diversity.
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Figure 3: Precoder verification performance with feedback granularity of 1 RB, TU 3 km/h.
Figure 4 shows the performance of the same system as shown in Figure 3, except that two adjacent RBs use the same precoding vector/matrix. In other words, options 1 and 2 use 8 and 4 dedicated RS for codeword verification, respectively. Comparing Figures 3 and 4 shows that doubling the number of dedicated RS improves the codeword verification performance by 3.5 to 6 dB. Since the number of dedicated RS is doubled, the total power of dedicated RS is improved by 3 dB. Within the 3.5 dB improvement in the verification performance, 3 dB is due to this higher transmitted power and 0.5 dB is due to slightly higher frequency diversity 
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Figure 4: Precoder verification performance with feedback granularity of 2 RBs, TU 3 km/h.
Figure 5 show the performance of the codeword verification when 5 adjacent RBs use the same precoding vector/matrix. Again, simulation results show better matrix verification for rank-2 transmission over rank-1 transmission because of higher minimum distance between the codewords. Comparing Figures 3 and 5 shows that using 5 adjacent RBs improves the verification performance by 7.5 to 9.5 dB. Note that the number of dedicated RS is 5 times more than that of Figure 3 and hence, total transmited power is 7 dB higher. Within the performance improvement, 7 dB is due to more transmitted power for dedicated RS and the rest is because of higher frequency diversity. 
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Figure 5: Precoder verification performance with feedback granularity of 5 RBs, TU 3 km/h.

5 Summary

In a system where the feedback errors may result in precoder mismatch between NodeB and the UE, dedicated RS can be used for precoder verification or directly evaluating the equivalent channel coefficients. In this contribution, precoding vector/matrix verification based on dedicated RS is studied. Simulation results in this contribution show that:

· With a certain codebook size and transmission rank, the dedicated RS based precoder verification performance is mainly a function of the dedicated RS number used. For example, a bandwidth of 5 RB for matrix verification improves the performance by about 7.5 to 9.5 dB. Only 0.5 to 2.5 dB is due to frequency diversity and the rest because of the higher total transmitted power over dedicated RS.
· Rank-2 matrix verification performs better than rank-1 vector verification.
Note that the codebook verification performance can be improved if the dedicated RS in the previous subframe and/or the next subframe can also be utilized.

Therefore, with sufficient channel CQI, the dedicated RS based precoder verification is a tool to compensate for the feedback uncertainties. Precoder verification in low CQI UEs, especially if rank-1 transmission is utilized, needs higher dedicated RS density which is equivalent to higher transmitted power over dedicated RS.
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