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1
Summary
The current working assumption of constant EPRE for all data symbols potentially brings about significant under-utilization of DL transmit power, which may degrade link performances [1]-[2]. The power under-utilization may occur due to the existence of RS on a part of ODFM symbols in a subframe.
In order to enable the efficient power utilization at eNode B for all OFDM symbols but at the same time to minimize the signalling or estimation efforts for the data-to-RS EPRE ratio, we propose:
· For each UE, equal PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols containing RS
· For each UE, equal PDSCH-to-RS EPRE ratio among REs in all the OFDM symbols not containing RS
· For each UE, potentially different PDSCH-to-RS EPRE ratio between OFDM symbols containing RS and those not containing RS
wherein the PDSCH EPRE is defined by the total data energy summed across all antenna ports for a given RE.

For the PDSCH-to-RS EPRE ratio for each antenna port, we propose:
· Further study on the PDSCH-to-EPRE ratio per antenna port for a given RE

· Whether we need to consider potentially different PDSCH-to-EPRE ratio across antenna ports or not
· Whether we need to specify/signal the ratio for each antenna port or not.

For the control-to-RS EPRE ratio, we propose:
· Potentially different control-to-RS EPRE ratio among different OFDM symbols for each PHICH or PDCCH, where the control EPRE is defined by the total energy summed across all antenna ports for a given RE
· No specification or signalling of the ratios across OFDM symbols or across antenna ports
2
Power Inefficiency with Constant EPRE

Figures 2-3 show the RE allocation for RS and control/data for each RB when eNode B is equipped with 2 Tx and 4 Tx antennas. As we observe in the figures, depending on whether an OFDM symbol contains RS or not, the number of allocated tones for each antenna port becomes different. 
More specifically, for 2Tx, the OFDM symbol containing RS uses 8 REs for control or data and 2 REs for RS while the OFDM symbol not containing RS uses 12 REs for control or data.

If RS always uses 3dB power boosting, all control or data REs can keep the same EPRE. However, if RS uses different power boosting values or no boosting, the only way to keep the same EPRE for all the control and data REs is to under-utilize the total available power in either the OFDM symbols containing RS or those not containing RS. We also have similar issues for 1Tx if various RS power boosting values are allowed.
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Figure 1
RE allocation for 2Tx
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Figure 2
RE allocation for 4Tx

For 4Tx, the RE utilization becomes more complex. In the 1st OFDM symbol containing RS, antennas 0 and 1 use 8REs for control or data and 2REs for RS while antennas 2 and 3 use 8 REs for control or data but no RE for RS. Similarly, in the 2nd OFDM symbol containing RS, antennas 0 and 1 use 8REs for control or data and no RE for RS while antennas 2 and 3 use 8 REs for control or data and 2 REs for RS. In the OFDM symbol not containing RS, all antennas use 12 REs for control or data. 

If SFBC+FSTD is used for 4Tx, the number of REs allocated for control or data reduces by a half, i.e., from 8REs to 4REs or from 12REs to 6 REs for each antenna.
Thus, for 4Tx, it is impossible to find an RS power boosting value which yields the same EPRE for all REs without under-utilizing the available power for some OFDM symbols.

Certainly, power under-utilization to keep the constant EPRE is not desirable and link performance degradation is reported in [1]. In the following sections, we discuss approaches to fully utilize the available power without increasing the estimation complexity or signalling overhead.
3
EPRE for Data Region
PDSCH is transmitted on the last (14-n) OFDM symbols (i.e., data region) for n specified by PCFICH. Note that all the REs in the data region for each UE is scaled together if a DL power control is applied. Therefore, it is desirable to have a fixed relation of PDSCH-to-RS EPRE ratio among all REs in the data region of a UE so that a single PDSCH-to-RS EPRE ratio signalled by eNode B or estimated by UE can restore the EPRE of all REs. 
On the other hand, as we observed in Section 2, it is inevitable to allow different PDSCH-to-RS EPRE ratio between the OFDM symbols containing RS and those not containing RS in order to fully utilize the available power.
In order to fully utilize available power and keep only a single PDSCH-to-RS EPRE ratio parameter, we may take the following DL power control principle:

· Total PDSCH-to-RS EPRE ratio for a given UE is defined by TPRPDSCH , where 
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 for a PDSCH RE in the OFDM symbol not containing RS.
· For each UE, an equal PDSCH-to-RS EPRE ratio is used among REs in all the OFDM symbols not containing RS, which is equal to TPRPDSCH.
· For each UE, an equal PDSCH-to-RS EPRE ratio is used among REs in all the OFDM symbols containing RS, which is equal to (12*TPRPDSCH -4)/8 for both 2Tx
 (see Figure 1) and 4Tx (see Figure 2). 
Note that we described in the above the PDSCH-to-RS EPRE ratio in terms of PDSCH EPRE summed across all Tx antennas. 
If each antenna port is restricted to use an individual power amplifier of the same power limit, we can further determine the PDSCH-to-RS EPRE ratio for each antenna port for a given RE. As shown in [1], the unique solution that enables full power utilization results in different PDSCH-to-RS EPRE ratio for different antenna ports for 4Tx in the OFDM symbols containing RS. However, the PDSCH is transmitted via a constant-modulus unitary precoding matrix in the spatial multiplexing mode, which always results in the same PDSCH-to-RS EPRE ratio for all antenna ports for a given RE. Thus, we conclude that the underutilization of power amplifier is inevitable in the spatial multiplexing mode in the 4Tx if each antenna port is connected to individual power amplifier. Otherwise, we cannot but violate the use of unitary matrix for DL precoding. 
If SFBC+FSTD is used for PDSCH transmission without any constant-modulus unitary precoding matrix, by taking the solution in [1], we may achieve full power utilization.

On the other hand, if the antenna ports are transformed by a unitary effective antenna matrix before being connected to power amplifier at eNode B, we may arbitrarily distribute the total PDSCH EPRE for a given RE to each antenna port, enabling both the full power utilization and the equal PDSCH-to-RS EPRE ratio across all antenna ports for a given RE.
In conclusion, for PDSCH transmission, we may have a few different solutions for power allocation across antenna ports, depending on the eNode B implementation or spatial transmission mode, and we need a further study for the best power utilization and minimal signalling overhead.   

3
EPRE for Control Region

Control region contains a mixture of heterogeneous control channels (PCFICH, PHICH, and PDCCH). Note that PCFICH is transmitted only on the 1st OFDM symbol per subframe, while PHICH and PDCCH may potentially be transmitted on multiple OFDM symbols. As each control channel can be individually power controlled and there are heterogeneous control channels with different time span in the control region, eNode B is likely to set different EPRE for different OFDM symbols of a given control channel for the optimal power control.

Fortunately, all the control channels allow only rank-1 transmission with QPSK constellation, UE may take only a minimal advantage by knowing the control-to-RS EPRE ratio. Therefore, eNode B may arbitrarily set the EPRE across different OFDM symbols or across antenna ports if it is believed to improve the system performance.

As is clear through the discussion in Section 2, the full power utilization requires different control-to-RS EPRE ratios across different antenna ports if SFBC+FSTD is used in the 4Tx and each antenna ports use individual power amplifiers. On the other hand, if eNode B takes an effective antenna approach transforming the antenna ports by an implicit unitary matrix before connecting them to the power amplifiers, the full power utilization may be possible even with an equal control-to-RS EPRE ratio. 

Therefore, we recommend taking the following DL power control principle for control channels:  

·  Allow potentially different control-to-RS EPRE ratios among different OFDM symbols for each PHICH or PDCCH, where the control EPRE is defined by the total energy summed across all antenna ports for a given RE

· No specification or signalling of the ratios, so that eNode B can set preferred control-to-RS EPRE ratios for each antenna port and OFDM symbol, depending on Tx antenna implementation.
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� In the case of rank-1 transmission via the precoder � EMBED Equation.3  ��� or � EMBED Equation.3  ���, the  PDSCH-to-RS EPRE ratio becomes (6*TPRPDSCH -4)/8 if each antenna port is restricted to use an individual power amplifier of the same power limit.
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