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1. Introduction

At the RAN1#51 meeting in Jeju, the handling of the simultaneous transmission of ACK/NACK and CQI signals in the PUCCH from the same UE was discussed. It was agreed that the simultaneous transmission of the ACK/NACK and CQI signals would be supported in the specifications and it was agreed that the Node B can configure the UE to drop the CQI in such cases, i.e., to send the ACK/NACK only. However, as suggested in the e-mail reflector, further simplification is preferred from the viewpoint of the testing complexity. Therefore, in this contribution, we evaluate the impact of the simplest solution, i.e., skipping the CQI, on the downlink cell throughput performance, and show the feasibility of this simplest solution.
2. Simultaneous Transmission of ACK/NACK and CQI Signals 
Hereafter is a summary of the considerations that form the basis of the proposal for the “CQI skipping” scheme. 

· Our view is that simultaneous multiplexing of the ACK/NACK and CQI signals in the same PUCCH from the same UE is unnecessary. 

· In this case, the UE transmits the ACK/NACK signal with a higher priority than that for the CQI signal as shown in Fig. 1. In addition, the Node B scheduler can avoid simultaneous transmission of the ACK/NACK and CQI signals within the same sub-frame. This feature is necessary under a coverage-limited condition when the UE is located at the cell edge, since the ACK/NACK signal should occupy the full 1-msec sub-frame, for the coverage. 

· By avoiding the simultaneous transmission of ACK/NACK and CQI signals, the issues discussed in the e-mail reflector, such as having different formats of multiplexing for normal and extended CP, can be removed. 
· When the CQI is transmitted in the PUSCH based on the uplink grant, the CQI and ACK/NACK signals from the same UE can be simultaneously transmitted.
[image: image1.emf]Time Sub-frame

Downlink data 

transmission

ACK/NACK

PUCCH transmission

CQI report

Skip CQI report

Node B scheduler avoids multi-carrier 

transmission


Figure 1 – Transmission method of ACK/NACK and CQI signals in PUCCH

3. System Evaluation of “CQI Skipping” Scheme
In this section, we present the system simulation results employing “CQI skipping” in the case of ACK/NACK signal transmission. Assuming that some percentage of the CQI message is skipped due to the simultaneous transmission with the ACK/NACK signal, the degradation in the downlink cell throughput performance is evaluated.
3.1. Simulation Conditions
Table 1 gives a list of the major parameters in the system-level simulation. We assume a 10-MHz system bandwidth. The group size of the downlink resource assignment, as well as the sub-band size of the CQI report, is assumed to be 900 kHz. We assume the six-ray Typical Urban (TU) channel model with the fading maximum Doppler frequency of 5.55 Hz, corresponding to the moving speed of 3 km/h at a 2-GHz carrier frequency. As the traffic model, we use the full buffered model. Proportional Fairness (PF) is used as the scheduling algorithm. In this evaluation, CQI feedback error is set to 1%. As for the CQI reporting scheme in the PUCCH, wide-band CQI reporting and cyclic sub-band CQI reporting are evaluated. For each method, 5-bit CQI reporting per sub-frame is assumed. Furthermore, for wide-band CQI reporting scheme, the CQI report interval is parameterized (2, 5, and 10 msec). For cyclic sub-band CQI reporting scheme, the CQI report interval is set to 2 msec.
Table 1 – Simulation parameters
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3.2. Simulation Results

Figure 2 shows the cell throughput as a function of the CQI skip probability. The figure shows that the cell throughput degradation due to the “CQI skipping” is small even with the skip probability of 30%. Especially for the wide-band CQI reporting scheme, we can see that the cell throughput degradation is very marginal. Meanwhile, when we use cyclic sub-band CQI reporting method, the cell throughput is degraded by approximately 12% at the skip probability of 30% compared to that for the skip probability of 0%. However, for sub-band CQI reporting, we can also use the trigger-based CQI reporting using the PUSCH. Thus, we believe that this small degradation can be compensated by using the PUSCH CQI reporting. Therefore, considering that the “CQI skipping” needs to be used only in the case that there are no uplink data where the CQI can be transmitted simultaneously with ACK/NACK in the PUSCH, usage of “CQI skipping” scheme as a way to solve the simultaneous transmission of the CQI and ACK/NACK signal is the simplest solution with the least impact to the overall performance of the E-UTRA specification.
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Figure 2 - Cell throughput performance as a function of CQI skip probability
4. Conclusion

In this contribution, we evaluated the impact of “CQI skipping” as the simplest solution to address the problem of multiplexing of the ACK/NACK and CQI signals in the PUCCH from the same UE. The simulation result shows that the downlink cell throughput performance degradation due to “CQI skipping” is very small especially when we assume wide-band CQI reporting in the PUCCH. Therefore, if further simplification is needed as suggested in the e-mail reflector, we propose to use only “CQI skipping.”
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