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1. Introduction

In the RAN1#46 meeting in Tallinn, the transmission time interval (TTI) length was decided as 1 msec. However, the necessity of the repetition of ACK/NACK signal over multiple TTIs in the uplink was assumed for further study. This paper investigates the necessity of the repetition of the ACK/NACK signal considering the achievable coverage (cell radius). From the simulation results, we recommend adopting a small number of options for repetition of ACK/NACK to allow for flexible and const-effective cell deployment in the E-UTRA.
2. Necessity of Repetition of ACK/NACK
2.1. Simulation Method and Assumptions
In the following evaluation, we first evaluated the required received signal-to-interference plus noise power ratio (SINR) of an ACK/NACK signal based on link level simulation. Next, based on system level simulations, we obtained the distribution of the average received SINR assuming various propagation models and cell radius. Finally, the achievable cell radius is calculated as a function of the number of repetitions of the ACK/NACK signal to achieve the required bit error rate (BER) at a 95% location probability.


Table 1 lists the simulation parameters used in the link level simulation. We assumed that ACK/NACK is transmitted using two narrowband time-frequency regions, which are exclusively assigned for ACK/NACK and CQI transmission, and frequency hopping is applied between the two separated time-frequency regions as shown in Fig. 1 [1]. The sub-frame format follows TR25.814 [2]. The bandwidth of one narrowband time-frequency regions is set to one RB bandwidth, i.e., 180 kHz. Inter-sub-frame hopping is used. We assumed the 6-ray Typical Urban (TU) channel model with the maximum Doppler frequency of 5.55 Hz. However, to derive a general conclusion, we assumed that the fading correlation between two narrowband time-frequency regions is zero. At the Node B receiver, we assume two-branch antenna diversity reception and LMMSE-based frequency domain equalization.
Table 1 – Link level simulation parameters
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Figure 1 – ACK/NACK transmission method (for the case with one repetition)

Table 2 gives the system level simulation parameters. The simulation parameters are based on the agreed assumptions given in [2]. The maximum UE transmission power is set to 24 dBm. The UE antenna gain is 0 dBi and the Node B antenna gain is 14 dBi. 


We evaluated two distance dependent path loss models. The first one follows TR25.814. In this case the distance dependent path loss, L, in dB is calculated using the following equation.
L = 37.6 ( log( R ) + 128.1 (dB)                                                       (1)

where R is the distance between Node B and the UE in km. 

The second model is the Okumura-Hata model. Distance dependent path loss L in dB in the Okumura-Hata model is represented by the following equation.
L = 69.55 + 26.16 log( f )  13.82 log(hb)  a(hm) + (44.9  6.55 log(hb)) log( R ) + S  (dB)     (2)
a(hm) = ( 1.1 ( log( f ) – 0.7 ) ( hm – ( 1.56 ( log( f ) – 0.8 )                          (3)

where f is the carrier frequency and is set to 2 GHz in the following evaluation. hb is the antenna height of Node B and is set 40 m. hm is the antenna height of the UE and is set 1.5 m. S is the correction factor for building occupancy. In the following evaluation, the Okumura-Hata model is mainly used for an open area environment; therefore, S is set to 12 dB.
Table 2 – System level simulation parameters
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In the following evaluation, we assumed that when the ACK/NACK load in surrounding cells is one or zero, four-ACK/NACK is transmitted from a narrowband time-frequency region in the TTI. It should be noted that if the number of ACK/NACK transmitted from the same TTI increases, the necessity of the repetition becomes more significant to compensate for the degradation in the received SINR.
2.2. Simulation Results
Figure 2 shows the average BER of ACK/NACK as a function of the average SINR per receiver branch. The figure clearly shows that the required SINR per receiver branch is reduced according to the increase in the number of repetitions. Assuming that the required BER of the ACK/NACK is 10-2 or 10-4, we derive the required average SINR for the respective number of repetitions.
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Figure 2 – Average BER of ACK/NACK as a function of average SINR per receiver branch
Next, Fig. 3 shows examples of the cumulative distribution function (CDF) of the average received SINR. Figures 3(a) and 3(b) assume a distance dependent path loss model in the 3GPP (Eq. (1)) and that based on the Okumura-Hata formula (Eq. (2)), respectively. Since we assumed an open area environment in the Okumura-Hata model, the distribution of the SINR in the Okumura-Hata model is better than that in the 3GPP model.
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(a) 3GPP based distance dependent path loss model   (b) Okumura-Hata formula based distance
                                                                        dependent path loss model
Figure 3 – CDF of average received SINR
Finally, Table 3 shows the achievable cell radius of the ACK/NACK transmission for the different number of repetitions. Table 3(a) and 3(b) assume a distance dependent path loss model in the 3GPP and that based on the Okumura-Hata formula, respectively. From these tables, if we use no repetition, the achievable cell radius is up to 1.6-2.6 (1.1-1.8) km when the penetration loss of 20 dB and the required BER of 10-2 (10-4) are assumed under the various ACK/NACK load and propagation channel model conditions. If three-repetition is employed, the allowable cell radius is increased to 2.2-3.8 (1.7-2.7) km. This corresponds to approximately 90-110 (130-150)% increase in cell coverage.
Table 3 – Achievable cell radius of ACK/NACK transmission for different numbers of repetition

(a) 3GPP based distance dependent path loss model
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(b) Okumura-Hata formula based distance dependent path loss model
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3. Conclusion
This paper investigated the necessity of the repetition of the ACK/NACK signal considering the achievable coverage. Based on the simulation results, if we use no repetition, the achievable cell radius is up to 1.6-2.6 (1.1-1.8) km when the penetration loss of 20 dB and the required BER of 10-2 (10-4) are assumed under the various ACK/NACK load and propagation channel model conditions. However, by employing three repetitions, the allowable cell radius is increased to 2.2-3.8 (1.7-2.7) km. This corresponds to approximately 90-110 (130-150)% increase in cell coverage. Therefore, we recommend adopting a small number of options for repetition of the ACK/NACK to allow for flexible and const-effective cell deployment in the E-UTRA.
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