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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 antenna switching transmit diversity (ASTD)[4],[5] 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 further investigates the gain of the closed-loop type 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 symbol rate is set to 7.68 Msps and Transmission Time Interval (TTI) length is 1 msec. The six-ray Typical Urban model or Pedestrian-A 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 2 msec. The transmission interval of the reference signal for channel-quality measurement (hereafter simply CQI reference signal interval) is also assumed to be 2 msec. We employ Chase combing as hybrid ARQ with packet combining with number of maximum retransmission of 5. When hybrid ARQ is used, we plot the received signal-to-interference plus noise power ratio (SINR) after packet combining by the repeated times when the packet is successfully decoded without error. 
In the paper, by combining instantaneous signal-to-noise power ratio (SNR) measurement and radio link level simulation, decoding error of the received packet in a single-cell environment is investigated. More specifically, in the radio link level simulation, we measure the average packet error rate (PER) of a modulation and coding scheme (MCS) of QPSK data modulation with coding rate of 1/8 and repetition factor of 4 associated with turbo coding and soft-decision turbo decoding against the instantaneous received SINR during one sub-frame over one RU. Then, packet decoding error is simulated by adding random errors according to the mapping between the measured instantaneous received SINR assuming that the UE is located at the cell edge with the distance of 1 kilometer and the PER performance derived from the link level simulation. The RTD for retransmission is assumed to 6 msec. The fixed RU assignment or frequency domain channel-dependent scheduling using the proportional fairness (PF) criterion [6] is applied. When PF-based frequency domain scheduling is applied, the combination of the RU and transmitter antenna, which provides the maximum priority in PF criterion, is simultaneously selected for a UE, to whom the RU is not yet allocated. 
Table 2 – Simulation parameters
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4. Simulation Results

Figures 2(a) and 2(b) plot the cumulative distribution functions (CDFs) of the received SNR with the closed-loop type ASTD, an open-loop type ASTD, and one antenna transmission, assuming an equal antenna gain and the fading correlation between transmitter antennas of zero. The received SNR is defined as instantaneous received SNR measured over one-TTI duration of the assigned RU. The measured instantaneous received SNR in the horizontal axes is normalized by the average received SNR using one transmitter and one receiver antenna. Figures 2(a) and 2(b) show the CDF when the Typical Urban or Pedestrian-A channel model is assumed, respectively. In the figures, notations of lines and colors are as follows.

· Solid, chain and dotted lines represent the CDF with the closed-loop type ASTD, an open-loop type ASTD, and one antenna transmission, respectively. 
· Green curve assumes frequency domain channel-dependent scheduling with hybrid ARQ. Then, red curve assumes frequency domain channel-dependent scheduling without hybrid ARQ. Finally, blue curve assumes fixed RU assignments without hybrid ARQ
Figure 2(a) shows that the instantaneous received SNR using the closed-loop type ASTD is increased by approximately 2.6 dB and 1.0 dB at the 10 % in the CDF compared to that with one antenna transmission and open-loop type ASTD in the case of a fixed RU allocation without Hybrid ARQ. Moreover, we see that the gain of the closed-loop type ASTD from the open-loop type ASTD and from one-antenna transmission is reduced by applying the frequency domain channel-dependent scheduling. However, we still observed the gain such as approximately 1.7 dB and 1.2 dB from the one-antenna transmission or open-loop type ASTD, respectively, without hybrid ARQ. The gain of closed-loop ASTD from open-loop type ASTD or one-antenna transmission is further reduced to 1.3 dB and 1.1 dB both with frequency domain channel-dependent scheduling and with hybrid ARQ.

 Moreover, in the case of Pedestrian-A model in Fig. 2(b), it is considered that the gain of ASTD from the one-antenna transmission is increased, because the relative gain of frequency domain channel-dependent scheduling is decreased due to the decreasing frequency selectivity. Then, we see that the gain of the closed-loop type ASTD from the one-antenna transmission at the 10 % in the CDF is becomes approximately 1.9 dB when both channel-dependent scheduling and hybrid ARQ are applied. Thus, we see the afore-mentioned estimation is valid. However, it is also seen that the gain of the closed-loop type ASTD from the open-loop type ASTD at the 10 % in the CDF is approximately 1.1 dB, which is almost identical to that in the TU channel model. 
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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, Figures 3(a) and 3(b) show the CDFs of the instantaneous received SNR when the fading correlation between transmitter antennas is 0.3 assuming the equal transmitter antenna gain. As was reported in many papers, 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. 3 to Fig. 2, the influence of the fading correlation is small. We find from Fig. 3 that the gain of the closed-loop type ASTD is approximately 1.8 (1.3) and 0.9 (1.1) dB in the case of TU model and 2.6 (1.7) and 1.0 (1.1) dB in the case of Pedestrian-A model, both at the 1 (10) % in the CDF compared to that with one antenna transmission and open-loop type ASTD, respectively, when both the frequency domain channel-dependent scheduling and hybrid ARQ are applied. 
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Figure 3 – CDF of the received SNR using closed-loop type ASTD (equal antenna gain between transmitter antennas, fading correlation between transmitter antennas of 0.3) 
Finally, Figures 4(a) and 4(b) plot the CDFs of the received SNR considering antenna gain difference between transmitter antennas of 3 dB and the fading correlation between transmitter antennas of 0.3. By comparing Fig. 4 to Fig. 3, we clearly find that the gain of the closed-loop type ASTD with unequal antenna gain is decreased compared to that with equal antenna gain both assuming the fading correlation between transmitter antennas of 0.3.

Due to unequal transmitter antenna gain, the gain of the closed-loop type ASTD from the one-antenna transmission at the 10% in the CDF is reduced to approximately 0.6 and 0.7 dB in Typical Urban and Pedestrian-A model, respectively, when both frequency domain channel-dependent scheduling and hybrid ARQ are employed. However, focusing on the UE at the cell edge at the 1 % in the CDF, the gain of closed-loop ASTD from the one-antenna transmission is obtained by approximately 1.2 and 1.5 dB in Typical Urban and Pedestrian-A model, respectively. Therefore, even including the insertion loss of the RF switch, the virtual gain of approximately 0.7 and 1.0 dB is obtained at the cell edge for Typical Urban and Pedestrian-A model, respectively. Accordingly, we see that the closed-loop ASTD is beneficial to improving the received SINR of the UE 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 1.2 – 1.5 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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