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1. Introduction

At the RAN1#59bis meeting, UL power control (PC) issues for LTE-Advanced were discussed [1]. Although issues regarding support for carrier aggregation were mainly addressed, UL PC for multiple antennas should also be discussed [2-4]. In this contribution, the extension of Rel. 8 PC to UL multi-antenna transmission is discussed considering the impact of path loss (PL) fluctuation between UE antennas. This contribution also presents our initial investigations on multi-antenna PC for LTE-Advanced.
2. Need to Extend of Rel. 8 PC Formula
In the Rel. 8 LTE uplink, the following fractional PC formula combining the open-loop and closed-loop PC mechanisms is applied to the PUSCH [5].
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Here, we select the following PC parameters in order to consider extending the PC formula to support multi-antenna transmission.

· PCMAX
Regarding the maximum transmission power, there may be two definitions from the viewpoint of multi-antenna transmission: The total maximum transmission power per UE and the maximum transmission power per UE antenna port. The PC formula must be extended if such maximum power limitations are defined.
· PL
PL fluctuation between UE antennas is caused by an imbalance in the UE antenna gain and unexpected issues, e.g., human hands gripping. These issues affect the open-loop PC mechanism in multi-antenna transmission. Therefore, some specification is needed to address the problem and details related to this are discussed in later sections.
· TF(i)

How to treat this parameter for higher rank transmission is FFS.
· f(i)

In Rel. 8 LTE, a 2-bit TPC command is used in PDCCH DCI format 0 for closed-loop power correction. For multi-antenna transmission, the PC formula may be extended to support antenna-independent power correction using multiple TPC commands. Therefore, this issue is also discussed in later sections.
In the following sections, we focus on the extension of PC parameters PL and f(i) considering the issue of PL fluctuation between UE antennas.
3. Discussion Regarding Multi-antenna PC Method
3.1. PL for Open-loop Multi-antenna PC
Considering the issue of PL fluctuation between UE antennas, we propose the following options for extending the PL to support the open-loop PC mechanism with N UE antenna ports.
· Option 1: Antenna-common PL
In Option 1, one-antenna-common PL, which is derived from the PL for each UE antenna port {PL1, PL2,…, PLN}, is used in the PC formula. According to the method of PL derivation, Option 1 is further split as follows.
· Option 1a: Linear averaging

· PL = avg{PL1, PL2,…, PLN}

· Option 1b: Minimum value (the best antenna) selection

· PL = min{PL1, PL2,…, PLN}

· Option 1c: Use fixed antenna port
· PL = PL1
· Option 2: Antenna-independent PL
In Option 2, the PL for each UE antenna port, {PL1, PL2,…, PLN}, is measured and independently used in the PC formula for each UE antenna port.
3.2. TPC Command for Closed-loop Multi-antenna Power Correction
As mentioned in Section 2, there are two alternatives.

· Alt. 1: Antenna-independent power correction using multiple TPC commands

· Alt. 2: Antenna-common power correction using a single TPC command
Accordingly, there are several combinations of options for PL derivation and alternatives for the TPC command as summarized in Table 1. As shown in the table, the key issue that should be clarified first is whether or not unequal transmission power between UE antenna ports is allowed.
Table 1 – Combinations of options for PL and alternatives for PC command
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4. Simulation Evaluation
Table 2 gives the simulation assumptions. In order to clarify the advantages and disadvantages of multi-antenna PC with unequal transmission power, we compare the following methods in this section.
· Method 1 (Option 1a): Equal transmission power for each antenna and transmission power determined by the average PL among antennas
· Method 2 (Option 1b): Equal transmission power for each antenna and transmission power determined by the minimum PL among antennas
· Method 3 (Option 2): Unequal transmission power between antennas and the transmission power for each antenna port is independently determined
Note that, in this simulation, the TPC command for closed-loop power correction is not considered.
Table 2 – Simulation Parameters
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Table 3(a) shows the system-level performance of the three PC methods mentioned above in the 3GPP Case 1 scenario. Here, the PL difference between antennas is parameterized as 0, 5, and 10 dB, respectively. We show the cell throughput, cell-edge user throughput (5% CDF value), average interference over thermal noise (IoT), and the probability that Rank 2 is selected. The table indicates that the cell throughput is increased by applying Method 3 while the same level of cell-edge user throughput is maintained. In Fig. 1(a), we plot the cumulative distribution function (CDF) of the user throughput when the PL difference between antennas is 10 dB in the 3GPP Case 1 scenario. In this case, Method 3 can increase the cell throughput by approximately 6.9% and 11.0% compared to Method 1 and Method 2, respectively. This is because the PL difference between antennas is compensated by antenna-independent power control and the probability that Rank 2 is selected is increased.
Table 3(b) shows the performance of the three PC methods in the ITU indoor scenario. The table indicates that the cell throughput and cell-edge user throughput are increased by applying Method 3. In Fig. 1(b), we plot the CDF of the user throughput when the PL difference between antennas is 10 dB in the ITU indoor scenario. In this case, Method 3 can increase the cell throughput by approximately 7.5% and 9.0% compared to Method 1 and Method 2, respectively.
Table 3 – Performance of each PC method
(a) 3GPP Case 1 scenario (10 MHz)
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(b) ITU Indoor scenario (20 MHz)
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(a) 3GPP Case 1 scenario (10 MHz)                       (b) ITU Indoor scenario (20 MHz)

Figure 1 – CDF of user throughput
Finally, Fig. 2 shows the CDF of the total UE transmission power when the PL difference is 10 dB in the same simulation as that for Table 3. The figure shows that the UE transmission power for Method 3 is higher than that for Method 1 and Method 2. Therefore, we should carefully consider the trade-off between the cell throughput gain and UE power consumption [4].
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Figure 2 – CDF of total UE transmission power
5. Conclusion

In this contribution, the extension of Rel. 8 PC to UL multi-antenna transmission was discussed considering the impact of PL fluctuation between UE antennas. Our current views are summarized as below.

· Multi-antenna PC methods based on the combination of antenna-common/independent PL derivation and antenna-common/independent TPC command are proposed.
· The key issue we should first clarify is whether or not unequal transmission power between UE antenna ports is allowed.
· The trade-off between the cell throughput gain (7 – 11%) and UE power consumption should be carefully considered.
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