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1. Introduction

At the TSG RAN WG1#48 meeting in St. Louis in February 2007, both frequency selective precoding and non-frequency selective precoding are supported for downlink single-user (SU)-MIMO when the system transmission bandwidth is greater than 5 MHz [1]. However, we consider that the benefit of frequency selective precoding for 2-by-2 MIMO transmission is not significant, and thus only non-frequency selective precoding could be sufficient based on the evaluation results [2]-[4]. 
This contribution investigates the benefit of the frequency selective precoding for 4-by-2 MIMO transmission in terms of the link level throughput performance in order to clarify whether the frequency selective precoding for SU-MIMO is necessary for 4-Tx MIMO transmission or not. In our evaluation, we take the following aspects into account:
(1) Frequency domain sub-band packet scheduling
(2) Downlink precoding matrix index (PMI) control signaling overhead
(3) Uplink PMI feedback error
2. Simulation Setup
2.1 Simulation Assumption

(a) PMI / Channel Quality Indicator (CQI) Feedback
Figure 1 describes the block size of PMI and CQI feedback for each precoding scheme assumed in the evaluation. System bandwidth is 10-MHz in the evaluation. In frequency selective precoding, 10-PMI indices are fed back with a frequency granularity of 5-resource block (RB) bandwidth [1], while in non-frequency selective precoding, a single PMI index is fed back with a granularity of 50-RB bandwidth. A sub-band size for frequency-domain packet scheduling is also 5-RB bandwidth in the evaluation. CQI is fed back for each sub-band. In order to separate the effect of precoding from the CQI reporting issue, full frequency domain CQI feedback is assumed in the evaluation. 
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Figure 1 – PMI and CQI feedback granularity and sub-band packet scheduling assumed in the evaluation
(b) Downlink Signaling Overhead

The control signaling overhead related to PMI is taken into account for throughput calculation. We assume that PMI information is explicitly indicated in the downlink and that the control signaling is encoded using QPSK modulation with the channel coding rate of R = 1/6. When M sub-bands (= 5 x M RBs) are assigned in frequency domain packet scheduling, G-PMI indices are indicated in the downlink control signal. We assume 12 sub-carriers within each RB. The downlink PMI control signaling overhead is then computed as
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where G = M for frequency selective precoding, and G = 1 for non-frequency selective precoding.

(c) PMI Feedback Error

In both frequency selective and non-frequency selective precoding, it is assumed that each PMI index is fed back separately. Furthermore, we assume that feedback errors occur based on the uniform distribution, and when an error occurs, erroneous PMI is randomly chosen among PMI indices except the one chosen by UE.
2.2 Simulation Setup
Table 1 lists the simulation parameters used in the evaluations. We employed QPSK, 16QAM, and 64QAM data modulation and Turbo coding with the coding rate of R = 1/3, 2/5, 4/9, 1/2, 5/9, 3/5, 2/3, and 3/4, and adaptive modulation and coding (AMC) based on multiple codewords (MCW) was employed (note that the same modulation and coding scheme (MCS) was assigned to all assigned RBs within a codeword [5]). MCS was independently selected for each codeword according to the average received signal-to-interference plus noise power ratio (SINR) after signal detection among all RBs. We set 4-by-2 MIMO configuration. We used the Householder codebook [6] as a 4-Tx antenna codebook. Rank adaptation was applied to determine the number of spatial data streams. 
The channel models used in this evaluation were the six-ray Typical Urban (TU) channel model with uncorrelated fading coefficients between adjacent antenna branches, and Spatial Channel Model (SCM)-D [7] assuming single-polarized space diversity antenna configuration.
At the UE receiver, we assumed ideal FFT window timing detection and ideal channel estimation. A linear minimum mean-squared error (LMMSE) signal detector was applied. The throughput loss caused by the overhead of the reference signal and the downlink PMI control signaling as described in Section 2.1 were taken into account in the evaluation. PMI from the UE was updated every 2 sub-frames (= 2.0 msec) regardless of the precoding frequency granularity. The control delay of the precoding matrix as well as AMC was 3 sub-frame (= 3.0 msec). The feedback error of PMI was considered in the evaluation.
Table 1 – Simulation parameters
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3. Simulation Results
3.1 Performance Without Sub-band Scheduling and PMI Feedback Error
We first evaluate the throughput performance without sub-band packet scheduling, and without feedback error in order to clarify the maximum throughput gain obtained by frequency selective precoding. Figures 2(a) and (b) show the throughput performance of 4-by-2 MIMO transmission in the TU channel with uncorrelated fading coefficients between adjacent antenna branches, and that in the SCM-D channel with space diversity antenna configuration, respectively, when the PMI feedback is error-free. We can see that approximately 10% throughput gain is obtained by frequency selective precoding compared with non-frequency selective precoding.
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(a) TU channel model 


     

(b) SCM-D channel model
Figure 2 – Comparison of throughput performance without sub-band packet scheduling and 
PMI feedback error
3.2 Effect of Sub-band Packet Scheduling
Next, we examine the effect of sub-band packet scheduling on the throughput performance. Figures 3(a) and (b) show the throughput in the uncorrelated TU channel and that in the SCM-D channel with space diversity antenna configuration, respectively, when the PMI feedback is error-free and the number of scheduled sub-band M is two. Figures 3 show that the gain of frequency selective precoding over non-frequency selective precoding becomes much smaller when sub-band packet scheduling is used compared with the gain when sub-band scheduling is not used as shown in Figs. 2. This is because the sub-band packet scheduling gain, i.e., multi-user diversity gain, can compensate the throughput loss of non-frequency selective precoding against frequency selective precoding. Now the gain is approximately 5% in the mid-SNR region. Thus, sub-band scheduling makes the benefit of frequency selective precoding less significant.
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(a) TU channel model



(b) SCM-D channel model
Figure 3 – Comparison of throughput performance with sub-band packet scheduling 
(Without PMI feedback error)
3.3 Effect of PMI Feedback Error
We investigate the effect of uplink PMI feedback error on the throughput performance. Figures 4(a) and (b) show the throughput performance without sub-band scheduling in the uncorrelated TU channel, and that in the SCM-D channel with space diversity antenna configuration, respectively, when the PMI feedback error rate was 5%. Figures 4 show that frequency selective precoding is more adversely affected by the PMI feedback error than non-frequency selective precoding, and the gain of frequency selective precoding over non-frequency selective precoding becomes much smaller than that observed in Fig. 2.
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(a) TU channel model



(b) SCM-D channel model
Figure 4 – Comparison of throughput performance with 5% uplink PMI feedback error 
(Without sub-band packet scheduling)
Figures 5(a) and (b) show the throughput performance with sub-band scheduling in the uncorrelated TU channel and that in the SCM-D channels with space diversity configuration, respectively, when the number of scheduled sub-band M is two, and the PMI feedback error rate was 5%. When frequency-domain sub-band packet scheduling is taken into account as well as uplink feedback error, the gain of frequency selective precoding over non-frequency selective precoding vanishes.
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(a) TU channel model



(b) SCM-D channel model
Figure 5 – Comparison of throughput performance with 5% uplink PMI feedback error 
(With sub-band packet scheduling)
Figure 6 shows the throughput performance as a function of the PMI feedback error rate in the SCM-D channel model with sub-band packet scheduling. The number of scheduled sub-band M is two. Figure 6 shows that the throughput gain of frequency selective precoding over non-frequency selective precoding becomes marginal when the PMI feedback error rate is increased over 3-5%.
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Figure 6 – Throughput performance as a function of PMI feedback error rate
4. Conclusion

In this contribution, we investigated the throughput gain of frequency selective precoding compared with non-frequency selective precoding in various 4-by-2 MIMO channels. The link level throughput evaluation results showed that the gain of frequency selective precoding over non-frequency selective precoding becomes marginal when frequency domain sub-band scheduling, downlink PMI control signaling overhead, and uplink PMI feedback error are taken into account. Thus, based on the results shown in this contribution for 4-by-2 MIMO, and those in [2]-[4] for 2-by-2 MIMO, our views on the frequency domain granularity of precoding are summarized as follows:
· Support of only non-frequency selective precoding is sufficient. 

· A single wideband PMI index should be indicated in both downlink and uplink for E-UTRA downlink SU-MIMO transmission.
· Since the number of PMI bits could be constant regardless of the number of assigned RBs per UE, joint coding of PMI and other control signals for the downlink L1/L2 control channel is preferred.
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