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1. Introduction 
At the TSG RAN WG1#52bis meeting in Shenzhen, the reduction in the number of channel quality indicator (CQI) reporting options on the Physical Uplink Control Channel (PUCCH) and Physical Uplink Shared Channel (PUSCH) in the E-UTRA was discussed. It was agreed that all periodic CQI reporting modes on the PUSCH, and Mode 2-1 and Mode 3-2 for aperiodic CQI reports on the PUSCH be removed from the CQI reporting options [1]. Further reduction in the number of CQI reporting options will be discussed in this RAN WG1#53 meeting. This contribution presents system simulation results on CQI reporting schemes under multi-cell conditions and describes our views on CQI reporting options for the E-UTRA. 
2. System Evaluation on CQI Reporting Mode
2.1. CQI reporting schemes 
We present system simulation results on CQI reporting for the E-UTRA. In the simulation, we compare the following CQI reporting schemes which are specified in the current specification of TS36.213 [2]. 

· Wideband CQI reporting on PUCCH

One 4-bit wideband CQI value averaged over the system bandwidth is reported every Np_WB msec per UE (see Fig. 1(a)). In this case, only the multi-user diversity gain due to time domain scheduling is obtained using the wideband CQI reporting scheme with the CQI reporting overhead minimized. In the simulation, we set Np_WB value to 2 msec.
· Subband CQI reporting on PUCCH 

One 4-bit subband CQI value averaged over selected M subbands within a bandwidth part (BP) is reported cyclically every Np_SB msec for each BP (see Fig. 1(b)). In addition to the subband CQI reporting, the wideband CQI is reported at the reporting interval of Np_WB msec. The system bandwidth comprises L BPs, and a BP comprises N subbands. When a 10 MHz system bandwidth is assumed, the values of L, M, N, and the subband size, k, are L = 3, M = 1, N = 3, and k = 6 RBs, respectively [2]. In the simulation, we set the Np_WB and Np_SB values to 10 msec and 2 msec, respectively.
· UE selected subband CQI reporting on PUSCH

One 4-bit wideband CQI value and one 2-bit differential subband CQI value averaged over selected M subbands within a system bandwidth are simultaneously reported within a subframe together with the index of selected M subbands (see Fig. 1(c)). The CQI report on the PUSCH is triggered by the Physical Downlink Control Channel (PDCCH) uplink grant. When a 10 MHz system bandwidth is assumed, the values of M and k are M = 5 and k = 3 RBs, respectively [2]. The required CQI reporting bits are 19 bits including the index of the selected 5 subbands within the system bandwidth.
· Higher layer configured subband CQI reporting on PUSCH

One 4-bit wideband CQI value and P 2-bit subband CQI values, one for each of P subbands averaged over the subband comprised of contiguous k RBs, are simultaneously reported within a TTI (see Fig. 1(d)). The CQI report is triggered by the PDCCH uplink grant in the same manner as the UE selected subband CQI reporting on the PUSCH. When a 10 MHz system bandwidth is assumed, the values of P and k are P = 8 and k = 6 RBs, respectively [2]. The required CQI reporting bits are 20 bits.
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(a) Wideband CQI reporting on PUCCH
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(b) Subband CQI reporting on PUCCH
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(c) UE selected subband CQI reporting on PUSCH
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(d) Higher layer configured subband CQI reporting on PUSCH
Figure 1 – CQI reporting modes on PUCCH and PUSCH
2.2 Simulation conditions
Table 1 lists the major parameters in the system-level simulation. We assume a 19-cell-site configuration, where each cell site comprises 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) is set to 500 m. The locations of the UEs are randomly assigned with a uniform distribution within each cell with the number of UEs as a parameter. The propagation model follows a distance-dependent path loss with the decay factor of 3.76, penetration loss of 20 dB, lognormal shadowing with a standard deviation of 8 dB, and instantaneous multipath fading. 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. The inter and intra site correlation values are 0.5 and 1.0, respectively. We assumed the six-ray Typical Urban (TU) and Vehicular-A (Veh-A) channel model with the moving speed of 3 km/h, corresponding to the fading maximum Doppler frequency of 5.55 Hz at a carrier frequency of 2 GHz. The maximum transmission power at the Node B is set to 46 dBm. Single-antenna transmission and two-antenna diversity reception are assumed. The antenna gain at the Node B and that at the UE are 14 dBi and 0 dBi, respectively. The exponential effective signal-to-interference plus noise power ratio (SINR) mapping (EESM) method [3] 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. 
Adaptive modulation and coding (AMC) and frequency-dependent channel-dependent scheduling methods are employed based on the CQIs reported as shown in Section 2.1. We assume a full buffer traffic model and employ the proportional fairness (PF) algorithm as a criterion for selecting the UE at each subband. The control delay in AMC and scheduling is set to 4 sub-frames. We use Chase combining with the round trip delay of 8 sub-frames. We assume that the L1/L2 control signals are multiplexed within the first two-OFDM symbols of each sub-frame irrespective of the number of UEs per cell. As a result, the overhead for the L1/L2 control signals and reference signal (RS) is 17.9%.

Table 2 lists the major radio link parameters in the simulation. In the link level simulation for the downlink, we assume a 10-MHz transmission bandwidth. The subcarrier spacing is 15 kHz and the resource block (RB) bandwidth is 180 kHz, i.e., 12 subcarriers. The sub-frame length is 1 msec. At the UE receiver, the fast Fourier transform (FFT) window timing is ideally estimated in the simulation while actual channel estimation is performed. Maximal ratio combining (MRC) is employed for receiver antenna combining.
Table 1 – Major radio parameters for system simulations
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Table 2 – Major radio parameters for link simulations
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2.3 Simulation results

(a) Comparisons between subband CQI reporting schemes on PUSCH
First, we compare the cell throughput based on the UE selected subband CQI reporting scheme and the higher layer configured subband CQI reporting scheme on the PUSCH. Figures 2(a) and 2(b) show the cell throughput performance comparison in the TU and Veh-A channel models, respectively. In Figs. 2, the number of UEs per cell is parameterized. We assume that the trigger interval for the CQI reports using the PDCCH uplink grant is 2-msec for both schemes. The figures show that the higher layer configured subband CQI reporting scheme achieves approximately 4% higher cell throughput compared to the UE selected-subband CQI reporting scheme irrespective of the number of UEs. Moreover, the performance difference between the TU and Veh-A channel models is small. Furthermore, as described in Section 2.1, the reduction in the CQI feedback overhead of the UE selected subband reporting scheme compared to that for the higher layer configured subband CQI reporting scheme is only 2 and 1 bit for 5- and 10-MHz transmission bandwidths, respectively. 
Therefore, we conclude that the UE selected subband CQI reporting scheme (Mode 2-0) obtains no advantage compared to the higher layer configured subband CQI reporting scheme from the viewpoint of both throughput performance and the required CQI feedback overhead. 
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Figure 2 – Cell throughput performance comparison for subband CQI reporting on PUSCH
(b) Comparisons among wideband/subband CQI reporting on PUCCH and higher layer configured subband CQI reporting on PUSCH
Next, we compare the throughput performance among wideband / subband CQI reporting schemes on PUCCH and the higher layer configured subband CQI reporting scheme on PUSCH. Figures 3(a) and 3(b) show the cell throughput performance comparisons in the TU and Veh-A channel models, respectively. Figure 4 shows the 5% cumulative distribution function (CDF) user throughput performance for the respective CQI reporting schemes. In the figures, the trigger interval for the CQI reports using PDCCH uplink grant in the higher layer configured subband CQI reporting scheme on PUSCH, , is parameterized. This is because there are cases in which the PUSCH resources for CQI reporting are not absolutely assigned to UEs without uplink data to be transmitted when the traffic load in the uplink and/or downlink is high.  
When we compare the performance between the wideband and subband CQI reporting schemes on PUCCH, the subband CQI reporting scheme can improve the cell throughput and 5% CDF user throughput by 10-20% under the conditions that the number of UEs per cell is greater than 10. Next, when we compare the performance between the subband CQI reporting scheme on PUCCH and the higher layer configured subband CQI reporting scheme on PUSCH, the higher layer configured subband CQI reporting scheme on PUSCH achieves higher throughput when  is 2 msec. When  is longer than 10 msec, however, the performance of the higher layer configured subband CQI reporting scheme on PUSCH is degraded to the level of the subband CQI reporting scheme on PUCCH.  
Based on the above simulation results, the periodic subband CQI reporting scheme on PUCCH should be kept as a CQI reporting mode taking into account the cases in which the PUSCH resources for CQI reporting cannot be absolutely assigned due to the heavy traffic load in the uplink and/or downlink.
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Figure 3 – Cell throughput performance comparison for subband CQI reporting 
on PUCCH and PUSCH
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Figure 4 – 5% CDF user throughput performance comparison for subband CQI reporting 
on PUCCH and PUSCH 
3. Conclusion

This contribution presented system simulation results on CQI reporting schemes in the E-UTRA. Based on the simulation results, our views on the CQI reporting options are given below.

· As aperiodic subband CQI reporting schemes on PUSCH for single antenna transmission, UE selected subband CQI reporting scheme (Mode 2-0) is not necessary since the UE selected subband CQI reporting scheme obtains no advantage compared to the higher layer configured subband CQI reporting scheme from the viewpoint of the throughput performances and the required feedback overhead.

· Subband CQI reporting modes on the PUCCH obtain a gain of more than 10% compared to that for wideband CQI reporting when the traffic load is relatively high. Taking into account the cases in which PUSCH resources for CQI reporting cannot be absolutely assigned to UEs without uplink data to be transmitted, e.g., high traffic load in uplink / downlink, the subband CQI reporting scheme on the PUCCH should be kept as a periodic CQI reporting modes.
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