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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 (or wideband) precoding are supported for downlink single-user (SU)-MIMO. One important issue to be discussed is the downlink precoding matrix indicator (PMI) signaling 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. To achieve this, the use of PMI confirmation has been suggested for the downlink PMI indication by several companies [1]-[5].
This contribution investigates the PMI indication schemes for the downlink SU-MIMO precoding based on throughput performance taking into account the uplink PMI feedback error. In our investigation, we consider both physical uplink control channel (PUCCH) and physical uplink shared channel (PUSCH) as PMI feedback channels, and a single (or frequency non-selective) PMI and multiple (or frequency selective) PMI as PMI feedback modes.
2. Downlink PMI Indication Schemes for Downlink SU-MIMO

We investigate the following two PMI indication schemes. Details of each scheme are given below.
(1) 1-bit PMI indication scheme (= PMI confirmation) [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 falls back on the default fixed precoding, and indicates ‘0’ to the UE. In this contribution, a single fixed precoding for all assigned resource blocks (RBs) is used as the default precoding.
· Pros:

· Reduced signaling overhead compared to explicit PMI indication scheme

· Fixed number of control signaling bits regardless of the number of assigned PMI

· Cons:

· Necessity of the PMI feedback error detection at the Node B

When PMI feedback is erroneous, the channel quality indicator (CQI) feedback is also not valid anymore even if the CQI feedback itself is not erroneous because the calculated CQI value is appropriate for the correct PMI. Thus, in this contribution, when the 1-bit PMI indication scheme is employed, we apply modulation and coding scheme (MCS) adjustment where the MCS level is lowered whenever the Node B detects the error in the PMI feedback.
(2) Explicit PMI indication scheme
All PMI for 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 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
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. Uplink PMI Feedback Channels
Figure 1 shows the uplink PMI feedback channels assumed in the evaluation. Both the PUCCH and PUSCH are considered for the uplink PMI feedback channel. In the figure, K PMIs are fed back with a feedback period of N sub-frames. In the case of frequency selective precoding, a set of K narrowband PMIs are fed back. In the case of PUCCH feedback, it is assumed that K PMIs are fed back separately, where one PMI feedback packet has a single PMI, whereas in the PUSCH, K PMIs are feedback jointly, where one PMI feedback packet has K PMIs. For each case, uplink PMI feedback error rate is defined for one PMI feedback packet. In the 1-bit PMI indication scheme, when the PUCCH feedback is used, the PMI feedback error detection at the Node B is conducted independently on each of K PMIs. Thus, if any one of the K PMIs is erroneous, the Node B falls back to the default precoding.
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Figure 1 – Uplink PMI feedback models on PUCCH and PUSCH
4. Uplink PMI Feedback Modes

Figure 2 shows the uplink PMI feedback modes assumed in the evaluation. Both single (K = 1) and multiple (K > 1) PMI feedback modes are considered. For the single PMI feedback mode, a single PMI for the best-M subbands is fed back on either PUCCH or PUSCH, where M = 5 is assumed with a subband size of 3 RBs. For the multiple PMI feedback mode, we assume that a single UE occupies the entire bandwidth of 10 MHz (because this is a relevant scenario for frequency selective precoding), and 9 PMIs are fed back with a frequency granularity of 6 RBs from the 1st to 8-th subbands and 2 RBs for the 9-th subband.
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Figure 2 – Uplink PMI feedback modes

5. Simulation Setup
We evaluated the throughput performance of MIMO precoding with the 1-bit PMI and explicit PMI indication schemes. 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 MCS was assigned to all assigned RBs within a codeword [6], 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 a 4-by-2 MIMO channel where the precoding gain becomes beneficial. We employed the Householder codebook, which was agreed as the working assumption [7], as the 4-Tx antenna codebook. Rank adaptation is applied to determine the number of spatially multiplexed streams. 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 [8]. We assume the use of QPSK with the coding rate R = 1/6 for downlink L1/L2 control signaling.

As described in Section 4, we evaluated both single PMI (K = 1) and multiple PMI (K = 9) feedback modes. In the former case, the PMI and CQI update interval N = 3 for both the PUCCH and the PUSCH. In the latter case, N = 10 and 3 for the PUCCH and PUSCH, respectively. The feedback error of PMI is considered in the evaluation. Given a particular packet error rate, PMI feedback error occurs according to the uniform distribution.
Table 1 – Simulation parameters
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6. Simulation Results
6.1 Ideal PMI Feedback Error Detection at Node B

We first assumed that the PMI feedback error is perfectly detected at the Node-B for the 1-bit PMI indication scheme. Throughput performances using PMI feedback on PUCCH was first evaluated. As references, the throughput performances of the explicit PMI indication scheme and fixed open-loop precoding scheme without feedback error were evaluated. Figures 3(a) and 3(b) show the throughput performance of the single PMI feedback mode when the PMI feedback error rates are 1% and 3%, respectively. The figures show that both of the 1-bit and explicit PMI indication schemes achieve similar throughput performances.
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(a) PMI feedback error rate = 1%

     (b) PMI feedback error rate = 3%

Figure 3 – Throughput performance with single PMI feedback on PUCCH
(A single PMI for the best-M (M = 5) subbands, 3.0-msec PMI/CQI update interval)
Figures 4(a) and 4(b) show the throughput performance of the multiple PMI feedback mode when the PMI feedback error rates are 1% and 3%, respectively. The figures show that when the feedback error rate becomes as high as 3%, the performance degradation of the 1-bit PMI indication scheme becomes significant even if the MCS adjustment is employed. This is because in the case of the multiple PMI feedback on the PUCCH, each narrowband PMI is fed back separately and feedback error detection at the Node B is independently conducted on each narrowband PMI. Thus, when the number of narrowband PMIs becomes larger, e.g., when a UE occupies the entire bandwidth feeding back 9 PMIs to the Node B, the Node B has to fall back on the default precoding more frequently due to the feedback error, which degrades the potential precoding gain.
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(a) PMI feedback error rate = 1%

   (b) PMI feedback error rate = 3%

Figure 4 – Throughput performance with multiple PMI feedback on PUCCH

(9 PMIs for the entire band (10 MHz), 10-msec PMI/CQI update interval)

Next, we evaluated the throughput performance when the PUSCH feedback is assumed. Figures 5(a) and 5(b) show the throughput performance of the multiple PMI feedback mode when the PMI feedback error rates are 5% and 10%, respectively. The figures show that both of the 1-bit PMI and explicit PMI indication schemes offer comparable performances. This is because when the PUSCH feedback is assumed, multiple PMI are fed back jointly, and thus the degradation of 1-bit PMI indication scheme is not as significant as in the PUCCH feedback case.
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(a) PMI feedback error rate = 5%

   (b) PMI feedback error rate = 10%

Figure 5 – Throughput performance with multiple PMI feedback on PUSCH

(9 PMIs for the entire band (10 MHz), 3.0-msec PMI/CQI update interval)
6.2 Non-Ideal PMI Feedback Error Detection at Node B
Finally, we evaluated the throughput performance considering imperfect PMI error detection at the Node B for the single-bit PMI indication scheme. Figure 6 shows the throughput performance when the PUCCH PMI feedback is used with a feedback error rate of 3%. The PMI feedback error misdetection probabilities at the Node B were set to 1%, 5% and 10%. The figure shows that the throughput performance of the 1-bit PMI indication scheme degrades as the misdetection probability increases.
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Figure 6 – Throughput performance with PMI feedback error misdetection at Node B
(Single PMI feedback on PUCCH, 3.0-msec PMI/CQI update interval)
7. Conclusion
This contribution investigated the downlink PMI indication schemes for downlink SU-MIMO transmission. The summary of the results and our views on PMI confirmation are as follows:
· When a UE is assigned the entire band and multiple narrowband PMIs are fed back in the PUCCH, the throughput performance degradation employing the 1-bit PMI indication compared to the explicit PMI indication becomes significant when the feedback error rate becomes 3%. In the other evaluation scenarios, the 1-bit PMI indication achieves almost as good performance as the explicit PMI indication. Thus, only single PMI feedback (wideband PMI or the best-M average PMI) should be allowed on the PUCCH if PMI confirmation is to be employed.
· When reliable PMI feedback error detection at the Node B is not possible, the throughput degradation of the 1-bit PMI indication scheme becomes significant. Thus, a reliable error detection mechanism, such as the use of Cyclic Redundancy Check (CRC), should be introduced for PMI confirmation to be applied.
· Another important requirement to use PMI confirmation is a timing alignment between the Node B and UE. A mismatch of the “latest PMI” could occur between the Node B and UE, especially when the PMI feedback period is short (e.g., the Node B receives new PMI from UE while scheduling UEs using the old PMI). Thus, the “latest PMI” at the Node B and UE should always be aligned by specifying or signaling the time-lag between when the Node B receives the PMI feedback and when the Node B transmits the data to the UE.
If the above conditions cannot be satisfied, explicit PMI indication scheme or at least combination of PMI confirmation and explicit indication should be employed.
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