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1. Introduction
From the operator perspective, the capability of power boosting of downlink reference signal is desirable in order to achieve flexible system deployment. This contribution describes our views on the need for power boosting and the candidate methods to achieve it.
2. Necessity of Power Boosting
2.1. Flexible Cell Deployment
A downlink reference signal is used for following purposes.

· Measurement for cell selection

· Channel estimation for demodulation

· Downlink CQI and MIMO-related measurement for scheduling, link adaptation and MIMO processing (precoding, rank adaptation, etc.)

Therefore, by assigning a higher transmission power to the downlink reference signal from the given total transmission power, we can effectively increase the coverage in rural areas where the user throughput requirement is not severe compared to urban areas. Therefore, from the operator perspective, the capability of power boosting the downlink reference signal, similar to that in W-CDMA, is desirable in order to control flexibly the cell radius using a fixed total downlink transmission power.
2.2. Channel Estimation Accuracy

The current working assumption pertaining to the reference signal is that the reference signal is mapped every 6 sub-carriers to the 1st and 5th OFDM symbols of the slot (for the 1st and 2nd antennas) [1]. Assuming this structure, we investigate the gain from the power boosting the downlink reference signal. Table 1 gives the link-level simulation parameters. We assume the transmission bandwidth of 10 MHz. The power boosting values for the downlink reference signal relative to the shared data channel are parameterized from 0 to 6 dB. We investigated two MCSs: QPSK with the turbo coding rate of R = 1/3, and 64QAM with R = 3/4. Two-branch antenna diversity reception is assumed. Although ideal FFT timing detection is assumed, real channel estimation is performed using the two-dimensional minimum mean-squared error (MMSE) weights. The six-ray Typical Urban (TU) model was assumed and the maximum Doppler frequency is set to fD = 55.5 Hz (corresponding speed of 30 km/h at a 2-GHz carrier frequency).
Figure 1 shows the achievable throughput performance with various power boosting values for downlink reference signal. The overhead of the reference signal transmission power is taken into account　by decreasing the transmission power of the shared data channel based on the given total transmission power. The figure shows that the achievable throughput for QPSK data modulation is maximized when the power boosting values is approximately 3 dB, although a gain from the power boosting is not observed with 64QAM modulation. This is because QPSK is used in a low SNR region (cell edge), the optimum power boosting values for the downlink reference signal are increased in order to improve the channel estimation accuracy.

Based on these observations, assuming the current working assumption pertaining to the reference signal structure, the power boosting is also beneficial in optimizing the tradeoff relationship between the channel estimation accuracy and the overhead.
Table 1 – Simulation parameters
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Figure 1 – Throughput with power boosting value of reference signal as a parameter
3. Power Boosting Method
3.1. Basic Assumptions
We assume the following basic assumption in power boosting the downlink reference signal.
· Cell-specific (semi-)static power boosting

· The transmission power of the downlink reference signal is (semi-)static and controlled in a cell-specific manner.
· Constant transmission power in the time domain

· The transmission power of the downlink reference signal in each frequency block is constant both within the slot and between slots.

· However, the transmission power of the downlink reference signal may be different in the frequency domain in order to achieve interference coordination with fractional frequency reuse (FFS).

3.2. Power Boosting Actualization
Potential issues facing power boosting the downlink reference signal are as follows.

· Issue 1: Sharing of reduced amount of radio resources in terms of transmission power for data or control symbols due to the power boosting of the reference signal within the same OFDM symbol. 

· Issue 2: User equipment (UE) recognition of the power boosting value (difference in transmission power between reference signal and data or control).
The power boosting method efficiently resolves these issues should be supported in the E-UTRA.

(1) Issue 1

Regarding Issue 1, Figs. 2(a) and 2(b) show the two candidate methods. In Method 1, in the OFDM symbol to which the power-boosted reference signal is mapped, the remaining transmission power is shared by all data or control symbols. Therefore, the transmission power of the data or control symbols in that OFDM symbol is lower than that for the OFDM symbols without the reference signal. 
In Method 2, depending on the power boost value, some data or control symbols are punctured (not transmitted). By pre-determining the relationship between the power boosting value and the number and positions of the punctured data or control symbols, the UE can simply detect the punctured data symbols even without the broadcast information of the power boosting value. Note that the number of options for the power boosting value can be at most two to four within the range from approximately 0 dB to 6 dB.
Since Method 1 will cause decoding degradation due to the different transmission power levels of the data symbols within a resource block, our preference is Method 2.
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Figure 2 – Two candidate power boosting methods
(2) Issue 2

Although blind detection of the power boosting value at a UE is possible by comparing the average received signal power of the reference signal and that of the data symbols both at the possible punctured position and other positions when the power boosting value is not explicitly signalled, the detection error of the power offset between the reference signal and data will cause decoding performance degradation especially when 64QAM is used. Also, it should be noted that at the handover measurement, the transmission power information from the reference signal of neighbouring cells is necessary to measure the pathloss value. Therefore, considering that the transmission power of the reference signal is (semi-)static and that there are few options for the power boosting value such as 2 to 4, explicit signalling of the power boosting value using broadcast channel is desirable.
4. Conclusion

Power boosting functionality is necessary for both flexible cell deployment and optimization of the tradeoff relationship between the channel estimation accuracy and the reference signal overhead. Our proposed power boosting method is summarized below.
· Cell-specific (semi-)static power boosting

· Constant transmission power in the time domain

· Use puncturing of the data/control symbols depending on the power boost value. The relationship between the power boosting value and the number and positions of punctured data or control symbols is pre-determined.

· Explicit signaling of the power boosting value (transmission power of reference signal) is preferred. The signaled power boosting value also implicitly indicates the punctured data/control symbol positions.
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