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1. Introduction
In this contribution, we investigate the performance of the physical uplink control channel (PUCCH) under coverage-limited conditions. We evaluate achievable message error rate (MER) of the PUCCH, i.e., CQI report and ACK/NACK, considering the user throughput performance of the physical uplink shared channel (PUSCH) at the cell edge assuming basic packet services.
2. Simulation Setup
We evaluate the achievable MER performance of the PUCCH, i.e., CQI report and ACK/NACK, and throughput performance of the PUSCH in terms of the distance from the cell site, to clarify how these channels are inter-related under coverage-limited conditions. Table 1 shows the major simulation parameters assumed in the evaluation. We assume the system bandwidth of 10 MHz and an occupied transmission bandwidth for both the PUCCH and PUSCH of 180 kHz using inter-slot frequency hopping. For the CQI report, the number of control bits is set to 5 and 10 bits. We assume tail-biting convolutional coding with the channel coding rate of R = 1/4 and 1/2, respectively, and the constraint length of three bits. QPSK data modulation is used. For the ACK/NACK, the number of control bits is set to 1 bit. We assume repetition coding and BPSK data modulation. For the PUSCH, we assume Turbo coding with the channel coding rate of R = 1/3, 1/2, and 3/4, and the constraint length of four bits. QPSK data modulation is used. We also assume the cyclic redundancy check (CRC) attachment of 24 bits. The resources for the PUSCH are assumed to be persistently allocated to all sub-frames. The 6-ray Typical Urban channel model is used with the maximum Doppler frequency, fD, of 5.55 Hz, corresponding to the vehicular speed of 3 km/h at a carrier frequency of 2 GHz. We employ two-branch antenna diversity reception at the Node B. Channel estimation is performed using a reference signal (RS) mapped to the SC-FDMA symbols within a slot. For the ACK/NACK, we consider DTX detection. The false alarm probability is set to 1, 3, and 5% by adjusting the threshold for power detection. For each false alarm probability, we evaluate the MER of ACK/NACK.

In the evaluation of the user throughput performance of the PUSCH, we employ adaptive modulation and channel coding (AMC) assuming ideal selection of the modulation and channel coding scheme (MCS) and symbol repetition factor (SRF) from the four candidates, as summarized in Table 2, to achieve the maximum throughput at each average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0).
Table 1 – Simulation parameters for PUCCH and PUSCH
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Table 2 – Data rate of PUSCH for each combination of MCS and SRF
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In this contribution, we evaluate the achievable coverage for both PUCCH and PUSCH according to the average received Es/N0. Meanwhile, based on [1], path loss L (dB) can be represented using Eq. (1).
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where 
· Rdist is the distance between the Node B and the UE in kilometers;

· f is the carrier frequency (2 GHz); and

· hb is the Node B antenna height in meters.

Then, when we assume the UE transmission power of 21 dBm, the Node B receiver antenna gain of 14 dBi, short-term path loss due to shadowing of 8 dB, penetration loss of 20 dB, thermal noise density of 174 dBm/Hz, and the noise figure at the Node B of 5 dB, we calculate the achievable coverage (distance between the UE and Node B) Rdist (km) for the Node B antenna height hb = 15 m.
3. Simulation Results
Figure 1 shows the average massage error rate performance of the PUCCH and throughput performance for the PUSCH as a function of the distance from the cell site. This figure shows how the performance levels for the CQI report, ACK/NACK, and PUSCH are inter-related. For example, when the required user throughput for a cell edge UE is set to 64 kbps, the figure shows that the cell radius is approximately 700 m, and the performance of the CQI report and ACK/NACK at the cell edge satisfies the required quality [2], i.e., the MER of the CQI report can be lower than 1% with 10-bit CQI reports per sub-frame, and MER of ACK/NACK can be lower than 0.01%. Meanwhile, when the required user throughput for a cell edge UE is set to 12 kbps assuming VoIP service, the figure shows that the cell radius can be increased to around 1000 m, and then we can see that the MER of the CQI report at the cell edge is degraded to 5% with 10-bit CQI reports per sub-frame and to 1% with 5-bit CQI reports per sub-frame, and MER of ACK/NACK is degraded to 0.1-0.5%. Therefore, application of additional repetitions over multiple sub-frames for the CQI report and/or ACK/NACK should be supported in order to satisfy the MER of CQI report of 1%, and MER of ACK/NACK of 0.01% considering the achievement of user throughput of the 12 kbps at a cell edge. Note that although the simulation parameters such as antenna height can be different for each cell design, the inter-relationship of the performance for the PUCCH and PUSCH is maintained.
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Figure 1 – Average MER of PUCCH and throughput of PUSCH as a function of distance from cell sites

4. Conclusion

In this contribution, we investigated the performance of the PUCCH under coverage-limited conditions. The simulation results suggest the following.
· The cell edge user throughput of 64 kbps can be achieved with the average MER for both 5-bit and 10-bit CQI reports per sub-frame of lower than 1%, and that for ACK/NACK of lower than 0.01%.
· In order to support the cell edge user throughput of 12 kbps assuming VoIP service, repetition over multiple sub-frames for the CQI report and/or ACK/NACK should be supported to satisfy the target quality requirement.
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