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1. Introduction
At the RAN1#52 meeting in Sorrento, the need for ACK/NAK repetition over multiple subframes was discussed. However, we did not reach a conclusion due to the lack of evaluation results to clarify the need for ACK/NAK repetition. In [1], the evaluation results show that the ACK/NAK repetition is unnecessary. However, in [1], the influence of inter-channel interference among ACK/NAK signals from multiple UEs in the same cell on the ACK/NAK detection performance was not considered, i.e., one ACK/NAK channel was assumed. Therefore, this contribution investigates the ACK/NAK detection performance taking into account inter-channel interference among multiple ACK/NAK signals and actual signal-to-interference plus noise power ratio (SINR) measurement for DTX detection and discusses the need for ACK/NAK repetition over multiple subframes.
2. Simulation Configuration
In this contribution, we evaluate the ACK/NAK detection performance considering the following impairments.
(1) Inter-channel interference among ACK/NAK signals from multiple UEs in the same cell

In the E-UTRA, the ACK/NAK signals from multiple UEs in the same cell are multiplexed using CDMA based on the cyclic shifts and orthogonal covering, i.e., block spreading. However, the orthogonality of multiplexed code channels is destroyed due to the channel variation in the time and frequency domains. In past RAN1 contributions [2-8], the ACK/NAK detection performance degradation of more than 1 dB due to the inter-channel interference was reported.

(2) SINR measurement error for DTX detection

When DTX is used for ACK/NAK signals, the received SINR measurement employing threshold detection is used to decide whether or not there is an ACK/NAK signal. In the E-UTRA uplink however, the interference level during the ACK/NAK signal interval fluctuates subframe by subframe. Hence, we consider the instantaneous SINR measurement error for DTX detection for the ACK/NAK signal. 

Table 1 gives the major simulation parameters assumed in the evaluation. We evaluate the ACK/NAK detection performance and the throughput performance of the PUSCH. We assume the system bandwidth of 10 MHz. For the ACK/NAK signal transmission, we assume a single-bit transmission, i.e., PUCCH format 1a. For the PUSCH transmission, we assume the transmission bandwidth of 180 kHz and QPSK modulation with the channel coding rate of R = 1/3. In order to evaluate a coverage-limited scenario, we consider hybrid ARQ with the maximum number of transmissions of eight. The six-ray Typical Urban channel model is assumed with the maximum Doppler frequency of fD = 5.55 Hz, corresponding to the vehicular speed of 3 km/h at a carrier frequency of 2 GHz. For ACK/NAK reception, we employ a simple DTX detection method based on a predefined threshold value obtained from the measured SINR over the ACK/NAK resources.
Table 1 – Simulation parameters
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3. Simulation Results

Figure 1 shows the throughput performance of the PUSCH as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) per receiver branch. For the throughput calculation, we assume the CRC overhead of 26% (24 / 92 bits) since the subframe bundling [9-11] is not applied. The figure shows that the minimum required received Es/N0 to achieve 12 kbps throughput assuming VoIP service is approximately -8 dB. Therefore, we can see that the ACK/NAK signal should satisfy the required ACK/NAK detection probability at the minimum received Es/N0 per receiver branch of -8 dB. 
(It should be noted that the throughput will be improved if subframe bundling is applied.)
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Figure 1 – Throughput performance of PUSCH 
as a function of the average received Es/N0 per receiver branch
Figure 2 shows the average false detection probability for non-transmission of the ACK/NAK signal as a function of the DTX detection threshold. In the evaluation, we assume that the observed ACK/NAK resource is empty. Furthermore, we evaluate the two conditions: a case with background noise only and a case with inter-channel interference from five UEs. In this evaluation, we assume the use of different cyclic-shift values and the identical block spreading code to multiplex these five interfering UEs. The figure shows that the DTX detection threshold level of approximately 5.5 dB is required to achieve the average false detection probability for non-transmission of ACK/NAK signal of less than 1% irrespective of the number of interfering UEs.
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Figure 2 – Average false detection probability for non-transmission of ACK/NAK signal 
as a function of the threshold level over the estimated interference level
Finally, Fig. 3 shows the average ACK misdetection probability as a function of the average received Es/N0 per receiver branch. In the evaluation, we set the DTX detection threshold level of 5.5 dB based on the previous evaluation results, and evaluate the ACK misdetection probability assuming the conditions of the number of multiplexed ACK/NAK signals with one and six UEs. Similarly as in the evaluation in Fig. 2, we assume the use of different cyclic-shift values and the identical block spreading code to multiplex simultaneously accessing six UEs. The figure shows that at the minimum received Es/N0 of -8 dB, the average ACK/NAK misdetection probability of approximately 1% can be achieved in the single UE case. However, the ACK misdetection probability is degraded up to approximately 2.5% in the six-UE case due to the increase in the inter-channel interference among ACK/NAK signals. Therefore, we can see that in order to satisfy the required ACK misdetection probability of 1%, ACK/NAK repetition over multiple subframes is necessary.
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Figure 3 – Average ACK misdetection probability of ACK/NAK signal 
as a function of the average received Es/N0 per receiver branch
As mentioned earlier, the interference levels from other cells fluctuate in the scheduled based uplink, although transmission power control is applied. Hence, the instantaneous interference plus noise power measurement is necessary for computation of the received SINR required for DTX detection. 

In the evaluation above, we assumed cyclic-shift based multiplexing only among multiple ACK/NAK signals up to six UEs. Therefore, we measured the interference plus noise power level including the background noise, inter-cell interference, and remaining inter-channel interference in the same cell, from the received signal variance before despreading of block spreading codes, as shown in Fig. 4(a). However, the method in Fig. 4(a) may not work well when the block-spreading based multiplexing of ACK/NAK signals is additionally employed. This is because this method does not suppress the inter-channel interference among signals from the different block spreading codes. Therefore, in order to achieve a more accurate interference level measurement, the method using the received signal variance after despreading of block spreading codes is considered as shown in Fig. 4(b). However, in the method in Fig. 4(b), the number of received signal samples to calculate the received signal variance is less than that compared to the method in Fig. 4(a). Therefore, when the block-spreading based multiplexing is employed, the measurement error of the interference plus noise power level will be increased compared to that when only cyclic-shifted multiplexing is used as in Fig. 3. Although the interference plus noise power level measurement is improved by using a more sophisticated method with high computational complexity, the margin for SINR measurement error should be considered assuming the normal SINR measurement method with reasonable computational complexity. We conclude that in order to satisfy the required ACK misdetection probability and considering the SINR measurement error in actual implementation, the repetition of ACK/NAK signals over multiple subframes should be supported.
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(a)  Measurement method before despreading    (b) Measurement method after despreading
Figure 4 – Possible interference plus noise power level measurement methods for DTX detection

4. Conclusion

In this contribution, we evaluated the ACK/NAK detection performance taking into account the inter-channel interference among ACK/NAK signals from multiple UEs and the SINR measurement error for DTX detection based on predefined threshold detection. Based on the evaluation results, we concluded that in order to satisfy the required ACK misdetection probability and considering the SINR measurement error in actual implementation, the repetition of ACK/NAK signals over multiple subframes should be supported.
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