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1. Introduction

During the RAN1#51 meeting, it was agreed that one of two schemes should be adopted for the periodic frequency-selective CQI reporting on the physical uplink control channel (PUCCH). Scheme 1 is the best-M average CQI reporting [1], and Scheme 2 is the cyclic reporting of the CQI for each sub-band [1]. In this contribution, we investigate on these two candidates for the periodic CQI reporting method using the PUCCH.
2. Simulation Setup
Table 1 is a list of the major parameters in the system-level simulation. We assume a 2-GHz carrier frequency and a 10-MHz system bandwidth. The group size of the downlink resource assignment and the sub-band size of the CQI report are assumed to be 900 kHz. We employ QPSK, 16QAM, and 64QAM data modulation and Turbo coding with the coding rate of R = 1/8, 1/6, 1/5, 1/4, 1/3, 2/5, 1/2, 3/5, 2/3, 3/4, 4/5, and 5/6. We assume that the total transmission power per Node B is 46 dBm. The Node B antenna gain is set to 14 dBi. 

We assume a 19-cell site configuration where each cell site has three cells. Furthermore, by employing the wrap around method, each cell suffers from inter-cell interference from the surrounding cells. The inter-site distance (ISD) and the number of UEs per cell are set to 500 m and 10, respectively. The locations of the UEs are randomly assigned with a uniform distribution within each cell. However, the minimum distance between a Node B and a UE is set to 35 m. The propagation model follows distance-dependent path loss with the decay factor of 3.76, log-normal shadowing with the standard deviation of 8 dB, and instantaneous multipath fading. We assume a 20 dB penetration loss. It is assumed that the distance-dependent path loss is constant during the throughput measurement period, while the shadowing and instantaneous fading variations are added. We assume the six-ray Typical Urban (TU) channel model. 
The UE antenna gain is 0 dBi. Ideal FFT timing estimation but real channel estimation is assumed. In order to calculate the throughput based on the received signal-to-interference plus noise power ratio (SINR) of the shared data channel, the exponential effective SINR mapping (EESM) method [2] is used to map the effective SINR calculated in the system level simulation to the packet error rate performance obtained from the link level simulation in the evaluation. We use Chase combining with the control delay of eight sub-frames (= 8.0 msec). Adaptive modulation and coding (AMC) employing the modulation and channel coding rates mentioned above and frequency-domain channel-dependent scheduling methods are used. We assume a full buffer traffic model and the employed criterion for selecting the UE at each resource block is the proportional fairness (PF) algorithm. The control delay in AMC and scheduling are set to four sub-frames (= 4.0 msec).

Table 1 – Simulation parameters
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In this contribution, we evaluate the following CQI reporting methods using the PUCCH.

· Wideband only: Only wideband CQI is reported in a certain sub-frame.
· Best-two average: Average CQI for best-M sub-bands is reported in a certain sub-frame. We employ M = 2 referring to the simulation results in [3].
· Cyclic-1: Sub-band CQI is cyclically reported in a certain sub-frame.
· Cyclic-2: Two continuous sub-band CQIs are cyclically reported in a certain sub-frame. In this method, one sub-band CQI is represented by a differential value of another sub-band CQI.
In addition to those, we also evaluated the following method using PUSCH as a reference.

· All sub-bands: All sub-band CQIs are reported in a certain sub-frame. All sub-band CQI are represented as differential values of the wideband CQI. This method corresponds to a Node B configured sub-band reporting using PUSCH.

Table 2 shows the number of CQI bits reported per sub-frame for each CQI reporting scheme. In this table, two configurations are given since the exact quantized number of the CQI has not yet been determined. With the first configuration, we assume the 5-bit absolute CQI and 3-bit differential CQI. This corresponds to the case mainly used in the following evaluations. With the second configuration, we assume that the 4-bit absolute CQI and 3-bit differential CQI. With this configuration, the number of CQI bits can be reduced by approximately 20% compared to the first configuration.
Table 2 – Number of CQI bits per sub-frame
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3. Simulation Results

Figures 1(a) and 1(b) show the cell throughput performance as a function of the CQI report interval (TTI) and the number of CQI bits per CQI report interval (bits/TTI), respectively. Here, we assume that the moving speed of UE is 3 km/h (fD = 5.55 Hz) and the CQI feedback error rate per sub-frame is 1%. Figure 1(a) shows that when the CQI report interval is sufficiently short, e.g., two TTIs, the cyclic sub-band CQI reporting schemes achieve the better throughput performance compared to the Best-2 average scheme. Between the two cyclic schemes, the Cyclic-2 scheme which reports the two sub-bands CQI per TTI shows better performance. Furthermore, Fig. 1(b) shows that almost the same cell throughput performance is obtained among the all sub-band report scheme and the cyclic CQI reporting schemes. Therefore, we confirm the benefit of cyclic sub-band CQI reporting schemes under a low mobility condition. These results support the results reported in [3].
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Figure 1 – Cell throughput performance (fD = 5.55 Hz, CQI feedback error per reporting TTI = 1%)
Figures 2(a) and 2(b) show the cell throughput performance when we assume the moving speed of 3 km/h (fD = 5.55 Hz) and CQI feedback error rate per reporting TTI of 5%. Compared to Fig. 1, the achievable cell throughput is degraded due to the increase in the CQI feedback error. Among the CQI reporting schemes, we find that the performance degradation of the Best-2 average scheme is relatively large. This is due to the error of the position indicator for the best-2 sub-bands. Meanwhile, we find that the cyclic sub-band CQI reporting schemes are relatively robust to the CQI error.
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Figure 2 – Cell throughput performance (fD = 5.55 Hz, CQI feedback error per reporting TTI = 5%)

Figures 3(a) and 3(b) show the cell throughput performance when we assume the moving speed of 15 km/h (fD = 27.75 Hz) and CQI feedback error rate per reporting TTI of 1%. Compared to Fig. 1, the achievable cell throughput is degraded due to the degradation in the tracking accuracy from the fading variation. The performance degradation in the cyclic sub-band CQI reporting is especially significant. Therefore, we find that the benefit of the cyclic sub-band CQI reporting schemes is limited to only under a very low mobility condition. Meanwhile, the Best-2 averaging scheme exhibits the better throughput performance compared to the cyclic reporting schemes. However, the gain from the wideband CQI report is marginal. Therefore, in this case, wideband only CQI reporting using the PUCCH or all sub-bands CQI reporting using the PUSCH seem to be appropriate CQI feedback schemes.
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Figure 3 – Cell throughput performance (fD = 27.75 Hz, CQI feedback error per reporting TTI = 1%)

Finally, we confirm the influence of the number of bits for CQI quantization. Table 3 shows a comparison of cell throughput when we employ the Cyclic-2 CQI reporting method. We find that the performance degradation due to coarse CQI quantization is not observed when we employ the CQI quantization of absolute 4 bits and differential 3 bits.
Table 3 – Influence of number of bits for CQI quantization assuming Cyclic-2 method

(CQI report interval = 2 TTIs, fD = 5.55 Hz, CQI feedback error per reporting TTI = 1%)
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4. Conclusion
This contribution investigated the cell throughput performance of the periodic CQI reporting schemes using the PUCCH. We conclude the following based on the simulation results.

· In a very low mobility case, e.g., 3 km/h, the cyclic sub-band CQI reporting scheme is beneficial in achieving the frequency-selective CQI feedback using the PUCCH. 

· The cyclic sub-band CQI reporting scheme is relatively robust against CQI error. Among the two cyclic sub-band reporting schemes, two sub-bands CQI feedback per TTI using the differential CQI  achieves the better tracking ability.

· In a medium mobility case, e.g., 15 km/h, the cyclic sub-band CQI reporting is not useful. In this case, the Best-2 averaging scheme shows the better throughput performance compared to the cyclic reporting schemes. However, there is no or marginal gain from wideband CQI report.
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