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1. Introduction

In the current working assumption, three types of transmission power control (TPC) commands for the physical uplink shared channel (PUSCH) were adopted, i.e., one absolute and two kinds of accumulate TPC command. This contribution investigates the performance of the TPC for the PUSCH using each TPC command.
2. Simulation Setup
We employ the open-loop and closed-loop combined TPC algorithm, which was agreed upon as a working assumption. The transmission power of each UE is represented as follow.
· When an accumulate TPC command is employed,

P(i) = min (Pmax, 10 log M(i) + P0 +  PL + mcs + PUSCH(i - KPUSCH))

TPC command: PUSCH = [-1, 0, 1, 3] dB or [-3, -1, 1, 3] dB

· When an absolute TPC command is employed,
P(i) = min (Pmax, 10 log M(i) + P0 +  PL + mcs + PUSCH(i - KPUSCH))

TPC command: PUSCH = [-4, -1, 1, 4] dB

In this contribution, other parameters are set as follows (optimized parameters based on pre-simulation).
P0: Average interference plus noise power (measured at Node B) + 25 dB
 : 0.8
PL: Obtained by 100-ms averaging of DL Rx power
mcs: Not used (all 0).
KPUSCH: 4 TTIs

In order to generate the TPC command for closed-loop power correction, the following algorithm is assumed.

· In order to perform the fractional TPC based on the propagation loss of each UE, the target SINR for each UE, PRX, is set based on UE feedback of the power headroom, Ph. In this evaluation, we derive the target SINR as PRX = {P0 – (1 – ) (Pmax – Ph)} / .
· The average uplink received SINR for each UE is measured at the Node B using the sounding RS. A 2-ms Rx interval and forgetting factor of 0.98 (corresponds to 100-ms averaging) are assumed.

· The TPC command is generated based on the difference between the received SINR and the target SINR. In this evaluation, we assume that the TPC command is sent only through UL grant.
Table 1 shows the system-level simulation parameters. In this evaluation, we assume the measurement bandwidth of 6 RBs (= 1.08 MHz) and the UE Tx bandwidth of one RB (= 180 kHz). As the traffic model, we employ the full buffer model and gaming model [1]. As shown in Fig. 1, the open-loop TPC error of ±9 dB with a uniform distribution is considered in order to evaluate the effect of closed-loop power correction using TPC command [2]. For the gaming model, we assume that the open-loop TPC error with a uniform distribution random value of ±9 dB is given at the beginning of each packet call duration.
Table 1 – System-level simulation parameters
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(a) Full buffer model                                           (b) Gaming model
Figure 1 – Traffic model and open-loop TPC error

3. Simulation Results
Figure 2 shows the cumulative distribution function (CDF) of the user throughput performance for the full buffer model. In the figure, three types of TPC commands are evaluated where Case 1, Case 2, and Case 3 represent the TPC commands of accumulate [-1, 0, 1, 3], accumulate [-3, -1, 1, 3], and absolute [-4, -1, 1, 4], respectively. For comparison, open-loop TPC methods with/without TPC error and the TPC method with the ideal absolute TPC command are evaluated. As shown in Fig. 2, in the low CDF region, the user throughput performance of the open-loop TPC with TPC error is degraded compared to that without TPC error. This is because the number of UE who cannot satisfy the required SINR increases due to TPC error. Meanwhile, by using the closed-loop TPC command, we observe that almost the same user throughput performance is obtained. The performance of Case 3, i.e., the absolute TPC command [-4, -1, 1, 4], is degraded compared to those of the other TPC commands since a 2-bit command is insufficient to compensate for the open-loop TPC error of  ±9 dB.
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Figure 2 – CDF of user throughput for full buffer model

Figure 3 shows the CDF of the user throughput performance for the gaming model. In the gaming model, the payload for each UE is discontinuously transmitted. Thus, the tracking ability of the closed-loop TPC using the accumulate-type TPC command can be evaluated. The figure shows that closed-loop power correction using agreed TPC command is feasible even when assuming a discontinuous data transmission.
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Figure 3 – CDF of user throughput for gaming model

Table 2 summarizes the average and cell-edge user throughput performances obtained in Figs. 2 and 3. The table indicates that the performance difference among different TPC commands is marginal although the performance of Case 1, i.e., the accumulate TPC command [-1, 0, 1, 3], exhibits slightly better performance compared to the cases with other TPC commands.
Table 2 – Summary of average and cell-edge user throughput performances
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4. Conclusion

This contribution investigated the performance of TPC for the PUSCH using each TPC command. The conclusions from the simulation results are as follows.
· Closed-loop power correction for dynamic PUSCH using agreed TPC command is feasible.

· The performance difference among different TPC commands is marginal although the performance of Case 1, i.e., accumulate TPC command [-1, 0, 1, 3], exhibits slightly better performance compared to the case of the other TPC commands.
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