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1. Introduction

In the E-UTRA, the user equipment (UE) has the capability for two-branch antenna diversity reception [1]. Thus, antenna switching transmit diversity at a UE is applicable to the E-UTRA uplink without changing the UE capability, since only one RF chain, i.e., RF transmitter circuitry, is necessary [2]. At the RAN1 Ad Hoc meeting in June 2006, the application of time switched transmit diversity (TSTD) to the random access channel (RACH) was proposed [3]. Closed-loop type switching transmit diversity provides a higher gain than open-loop type switching diversity in that the better transmitter antenna is selected according to the instantaneous channel variation. This contribution investigates the gain of the closed-loop type antenna switching transmit diversity (ASTD) when frequency domain channel-dependent scheduling is used in the E-UTRA uplink. 
2. Closed-Loop Type ASTD
Figure 1 is a block diagram of the closed-loop type ASTD. We assume here two-branch ASTD. The reference signal for channel-quality measurement is transmitted periodically from two antennas alternately. The Node B feeds back information to the UE regarding the higher channel quality transmitter antenna at each sub-frame timing. The shared data channel at each sub-frame timing is transmitted from the selected transmitter antenna by switching the RF transmitter circuitry. The optimum transmitter antenna is selected as long as the control loop can track the fading variation in the time domain.
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Figure 1 – Block diagram of closed-loop type ASTD
The closed-loop type ASTD assigns resource units (RUs) to the optimum transmitter antenna in the spatial domain, while frequency domain channel-dependent scheduling assigns RUs to the optimum frequency band. Table 1 compares the advantages and disadvantages of the closed-loop type ASTD and frequency domain channel-dependent scheduling. We see that the closed-loop type ASTD works well in cooperation with frequency domain channel-dependent scheduling in the uplink.
Table 1– Advantages and disadvantages to closed-loop type ASTD and frequency domain channel-dependent scheduling
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3. Simulation Setup
As indicated in Fig. 1, an RF switch is necessary in ASTD. Assuming the insertion loss of the RF switch, e.g., 0.5 – 0.7 dB, the gain of the closed-loop type ASTD without considering the insertion loss of the RF switch should be greater than approximately 1.5 dB. Therefore, we investigate the gain of the closed-loop type ASTD by computer simulation. Table 2 lists the simulation parameters. We assume a 10-MHz transmission bandwidth comprising 24 RUs, where each RU has a 375-kHz bandwidth. The six-ray Typical Urban model is assumed for the multipath delay profile with the maximum Doppler frequency of fD = 5.55 Hz (corresponding speed of 3 km/h). Two-branch antenna diversity reception is assumed at the Node B. The fading correlation between transmitter antennas is parameterized. The round trip delay (RTD) of the channel-dependent scheduling and ASTD is set to 4 sub-frames, i.e., 2 msec. The transmission interval of the reference signal for channel-quality measurement (hereafter simply CQI reference signal interval) is assumed to be 0.5 or 10 msec. 
Table 2– Simulation parameters
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The algorithm to select the RU and transmitter antenna for a UE is described below.

1) The combination of the RU and transmitter antenna, which provides the maximum priority in proportional fairness (PF) criterion [4], is simultaneously selected for a UE, to whom the RU is not yet allocated.

2) Assign the RU and transmitter antenna selected for the UE.

3) Repeat processes 1) and 2) until the all UEs are allocated RUs. 

4. Simulation Results

Figures 2(a) and 2(b) plot the cumulative distribution functions (CDFs) of the received signal-to-noise power ratio (SNR) with and without the closed-loop type ASTD assuming an equal antenna gain and the fading correlation between transmitter antennas of zero. The received SNR is cumulated for allocated shown as a relative level to the average received SNR in a one transmitter and one receiver antenna case. Figures 2(a) and 2(b) show the CDF when the CQI reference signal interval is 0.5 and 10 msec, respectively. In each figure, the solid and dotted lines represent the CDF with and without ASTD, respectively. Furthermore, the red curves represent that the optimum RU in the frequency domain is assigned to each UE using the PF based frequency domain channel-dependent scheduling. The blue curves indicate that a fixed RU is assigned in the frequency domain, i.e., only the gain by the closed-loop type ASTD is obtained. 
Figure 2(a) shows that the received SNR using the closed-loop type ASTD is increased by approximately 2.6 dB at the 10 % CDF compared to that without ASTD in the case of a fixed RU allocation. The figure also shows that when frequency domain channel-dependent scheduling is applied, a distinct gain of approximately 1.7 dB is obtained by using ASTD, although the gain is reduced due to the gain of the channel-dependent scheduling. Moreover, Fig. 2(b) shows that even when the CQI reference signal interval is 10 msec, a clear gain from the closed-loop type ASTD of 1.3 and 2.3 dB is obtained at the 10% and 1 % CDF, respectively, with frequency domain channel-dependent scheduling. 
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Figure 2 – CDF of the received SNR using closed-loop type ASTD (equal antenna gain between transmitter antennas, fading correlation between transmitter antennas of zero) 
Next, Figs. 3(a) and 3(b) plot the CDFs of the received SNR assuming an unequal antenna gain, i.e., the average transmission power difference of 3 dB and the fading correlation between transmitter antennas of zero. We clearly find that the gain of the closed-loop type ASTD with the unequal antenna gain becomes smaller than that with equal antenna gain in Fig. 2. Due to unequal diversity gain, the gain of the closed-loop type ASTD at the 10 % CDF is only within 0.5 dB. However, focusing on the UE at the cell edge at the 1 % CDF, the gain of approximately 1.1 – 1.5 dB is still achieved when the frequency domain channel-dependent scheduling is applied. 
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Figure 3 – CDF of the received SNR using closed-loop type ASTD (antenna gain difference between transmitter antennas of 3 dB, fading correlation between transmitter antennas of zero) 
Finally, Figs. 4(a) and 4(b) show the CDFs of the received SNR assuming the unequal antenna gain, i.e., average transmission power difference of 3 dB and the fading correlation between transmitter antennas of 0.3.  As was investigated, the fading correlation is relatively low at a UE terminal even with narrow antenna spacing due to many reflected waves from the surrounding obstacles. Comparing Fig. 4 to Fig. 3, the influence of the fading correlation is less than that of the unequal antenna gain. We find from Fig. 4 that the gain of the closed-loop type ASTD is approximately 1.0 – 1.4 dB at the 1 % CDF, when the frequency domain channel-dependent scheduling is applied. Thus, even including the insertion loss of the RF switch, the virtual gain of approximately 0.5 – 1.0 dB is obtained at the cell edge. 
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Figure 4 – CDF of the received SNR using closed-loop type ASTD (antenna gain difference between transmitter antennas of 3 dB, fading correlation between transmitter antennas of 0.3) 
5. Frequency and Antenna Hopping Scheme for Data-non-associated L1/L2 Control Information

Focusing on the L1/L2 control channel, the application of closed-loop type ASTD is difficult. However, utilizing two transmitter antennas at a UE is beneficial to extending the coverage of the L1/L2 control information. Thus, we propose a combination of frequency and transmitter-antenna hopping for data-non-associated L1/L2 control information to obtain an additional antenna diversity gain. 
6. Conclusion

This paper presented simulation results on closed-loop type ASTD in the uplink. The simulation results showed that the gain of closed-loop type ASTD is approximately 1.0 – 1.4 dB at the 1% CDF, assuming unequal antenna gain (average transmission power difference of 3 dB) and the fading correlation between transmitter antennas of 0.3 when frequency domain channel-dependent scheduling is applied. Thus, the possibility to extend the coverage through the combined usage of frequency domain channel-dependent scheduling and closed-type ASTD at the cell edge is confirmed.
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