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1. Introduction

At the TSG RAN WG1#50 meeting in Athens in August 2007, it was confirmed that both frequency selective precoding and frequency non-selective precoding are supported for downlink single-user (SU)-MIMO. One important issue to be discussed is the downlink precoding matrix index (PMI) indication scheme which can support both frequency selective and frequency non-selective MIMO precoding. The signaling overhead due to the downlink PMI indication should be minimized while maintaining a sufficient precoding gain.
This contribution investigates the PMI indication scheme for the downlink SU-MIMO precoding based on throughput performance.
2. Downlink PMI Indication Schemes for Downlink SU-MIMO

We investigate the following three PMI indication schemes. Details of each scheme are given below.
(1) Explicit PMI indication scheme
All PMI for resource blocks (RBs) assigned to a UE are indicated on the physical downlink control channel (PDCCH).
· Pros:
· Robustness to PMI feedback error in the uplink
· Cons:
· Increased signaling overhead in frequency selective precoding case
· Variable number of L1/L2 control signaling bits depending on the number of PMI indices assigned to a UE when frequency selective precoding is employed, which will increase the number of blind detections at the UE when PMI are jointly encoded with other control signals
(2) Single-bit indication scheme [1]
If the UE feedback is identified as reliable, the Node B uses the PMI fed back from the UE, and indicates ‘1’ to the UE. Otherwise, the Node B uses the default fixed precoding, and indicates ‘0’ to the UE. Similar implicit indication approaches were proposed in [2], [3].
· Pros:
· Reduced signaling overhead compared to explicit PMI indication scheme
· Fixed number of control signaling bits regardless of the number of assigned PMI indices
· Cons:
· Necessity of the PMI feedback error detection at the Node B
(3) No PMI indication

The Node B follows the UE feedback, and indicates nothing to the UE (for reference).
· Pros:
· No downlink PMI signaling overhead

· Cons:

· Performance degradation when PMI feedback is not correctly decoded in the uplink (or blind PMI estimation becomes necessary at the UE to solve the problem)

In our investigation, we consider the case in which the Node B might misdetect the PMI feedback error when the single-bit PMI indication scheme is employed. In addition, we assume no blind PMI estimation at the UE for all the PMI indication schemes.
3. Simulation Setup
We evaluated the throughput performance of MIMO precoding with the explicit PMI indication, single-bit PMI indication, and no PMI indication. Table 1 gives 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). Note that the same modulation and coding scheme (MCS) was assigned to all assigned RBs within a codeword [4], and 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 evaluated the throughput performance with and without sub-band scheduling. In the former case, we assigned the two best sub-bands per UE each of which has 5 RBs. In the latter case, we assigned a UE the whole band, which consists of 50 RBs. We evaluated a 4-by-2 MIMO configuration. We employed the Householder codebook, which was agreed as the working assumption [5], as the 4-Tx antenna codebook. Rank adaptation is applied to determine the number of spatially multiplexed streams. Frequency domain PMI feedback granularities are assumed to be 5 RBs for frequency selective precoding and 50 RBs for frequency non-selective precoding. In the evaluation, no PMI feedback bit reduction scheme is assumed.

The channel model used in this evaluation is the six-ray Typical Urban (TU) channel model with uncorrelated fading coefficients between adjacent antenna branches. The maximum Doppler frequency is set to fD = 5.55 Hz (3 km/h).

At the UE receiver, we assume ideal FFT window timing detection and ideal channel estimation. A linear minimum mean-squared error (LMMSE) signal detector is applied. Chase combining is applied to the Hybrid ARQ scheme with the maximum number of re-transmissions of three. The throughput loss caused by the overhead of the reference signal and the downlink PMI control signaling are taken into account in the evaluation similar to that in [6]. We assume the use of QPSK with the coding rate R = 1/6 for downlink L1/L2 control signaling.

The PMI from the UE is updated every 2 sub-frames (= 2.0 msec). The control delay of the precoding matrix selection as well as AMC is 3 sub-frames (= 3.0 msec). The feedback error of PMI is considered in the evaluation. We assume a joint PMI feedback model in the case of frequency selective precoding, where multiple PMI indices per UE are jointly fed back in a packet. Given a particular packet error rate, PMI feedback error occurs according to the uniform distribution.
Table 1 – Simulation parameters
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4. Simulation Results

4.1 Perfect PMI Feedback Error Detection at Node B
We first assume that PMI feedback error is perfectly detected at the Node B for the single-bit PMI indication scheme. Figures 1(a) and 1(b) show the throughput performance without sub-band scheduling for the PMI error rates of 1% and 5%, respectively. Frequency selective precoding is applied with the frequency domain granularity of 5 RBs. For reference, the throughput performance of the fixed open-loop (OL) precoding is also evaluated. Figures 2(a) and 2(b) show the throughput performance when sub-band scheduling is employed. All the figures show that if notification of the PMI is not given in the downlink, the throughput performance is significantly degraded when the PMI feedback error rate exceeds 1%. On the other hand, the single-bit PMI indication scheme achieves similar performance compared to that for the explicit PMI indication scheme when we assume that the PMI feedback error can be detected accurately at the Node B.
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(a) PMI feedback error rate = 1%

   (b) PMI feedback error rate = 5%
Figure 1 – Throughput performance with perfect PMI feedback error detection at Node B 
in the single-bit indication scheme (frequency selective precoding, without sub-band scheduling)
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(a) PMI feedback error rate = 1%  

    (b) PMI feedback error rate = 5%

Figure 2 – Throughput performance with perfect PMI feedback error detection at Node B 
in the single-bit indication scheme (frequency selective precoding, with sub-band scheduling)

4.2 Imperfect PMI Feedback Error Detection at Node B

We next consider imperfect PMI error detection at the Node B for the single-bit PMI indication scheme. Figures 3(a) and 3(b) show the throughput performance without sub-band scheduling when frequency selective precoding and frequency non-selective precoding are employed, respectively. We assume the PMI feedback error rate of 3%. Figure 3 shows that the throughput performance of the single-bit indication scheme degrades when the misdetection probability of the PMI feedback error becomes higher than 1%.
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(a) Frequency selective precoding

           (b) Frequency non-selective precoding

Figure 3 – Throughput performance with PMI error misdetection at Node B 
in the single-bit indication scheme (without sub-band scheduling)
5. Conclusion
This contribution investigated the downlink PMI indication schemes for downlink SU-MIMO transmission. The following conclusions are drawn from the simulation results.
· If reliable PMI error detection at the Node B is possible, the single-bit indication scheme achieves similar throughput performance with a much lower signaling overhead compared to the explicit PMI indication scheme.

· Otherwise, the explicit PMI indication scheme is necessary to sustain a sufficient precoding gain.

One possible way to detect PMI error at the Node B with high accuracy is to use cyclic redundancy check (CRC) bits attached to the physical uplink shared channel (PUSCH) and/or physical uplink control channel (PUCCH).The appropriate downlink PMI indication scheme should be carefully decided taking into account the uplink PMI feedback scheme, structure and the reception quality on PUCCH / PUSCH as well as downlink throughput performance and downlink signaling overhead. 
References
[1] 3GPP, R1-073378, Motorola, “PMI Downlink Signaling and PDCCH Format”
[2] 3GPP, R1-073482, LGE, “Considerations on PDCCH design for SU-MIMO”
[3] 3GPP, R1-073559, Samsung, “Downlink signaling for support of single-user MIMO”
[4] 3GPP, R1-060987, NTT DoCoMo, Ericsson, Fujitsu, Mitsubishi Electric, NEC, Panasonic, Sharp, Toshiba, “Link Adaptation Scheme for Single-antenna Transmission in E-UTRA Downlink”
[5] 3GPP, R1-073206, MIMO Ad-hoc session, “Text Proposal for TS36.211 for 4-Tx Antenna SU-
Tx Antenna Codebook for SU-MIMO is 4 bits. he single-bit indicationective precoding.ding with other control information will beMIMO Codebook”
[6] 3GPP, R1-073707, NTT DoCoMo, Fujitsu, Mitsubishi Electric, NEC, Panasonic, “Investigation on Frequency Granularity of SU-MIMO Precoding in E-UTRA Downlink”































































































































































































































































- 5/6 -

