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1. Introduction
Downlink power control is controlled by two parameters,  the cell-specific
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 parameter (commonly referred to as the “power boost”) and the UE-specific parameter
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 .  When either 16QAM or 64QAM modulation is used or spatial multiplexing with more than a single layer is used, these two parameters along with the reference symbol energy determine the three EPRE (energy-per-resource element) levels that are relevant for PDSCH demodulation when transmission occurs from antenna ports 0-3.  These are 
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, the EPRE of PDSCH REs in OFDM symbols which do not contains RS, 
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, the EPRE of PDSCH Res in OFDM symbols which contains RS, and 
[image: image5.wmf]R

E

, the EPRE of cell-specific RS.  These are related to the signalled parameters as follows.  
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and 
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It was shown in [1]-[3] however that for a given value of cell-specific value of pilot boost,
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, it may not be possible to signal a value of 
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  which results in equal transmit power across all OFDM symbols. This results in a limitation on the transmit power amplifier utilization..  It was proposed in [3] to alleviate this problem by defining the allowable values of 
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 to be a function of 
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.  While this addresses the problem of under utilization of transmit power, concerns were raised on the reflector about the impact on UE dynamic range requirement at the FFT output.
A compromise proposal which addresses the power-utilization problem yet does not impose more stringent UE requirements involves simply altering  several values of the allowable 
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.  The power utilization problem is described in more detail below and the two solutions are compared.
2. Problem Description
The diagram in Figure 1 illustrates the relationships between parameters 
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 , 
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, and the PDSCH EPRE in symbols with and without RS.  The ratio between 
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 and 
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 is seen to be defined by 
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 while the ratio between 
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 and 
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 is defined directly by 
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 (at least for QAM modulation or multiple layer transmission).  For a fixed 
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 the choice of 
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 signaled for a UE determines 
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 and therefore the transmit power on OFDM symbols without RS: 
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However since the ratio of PDSCH EPRE with and without OFDM symbols is fixed at 
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, the choice of 
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 also determines,
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 and therefore the transmit power in OFDM symbols with RS.  For two or four cell-specific antenna ports there are 8 REs containing PDSCH and 2 containing RS and therefore
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The ratio of powers in OFDM symbols with and without RS is therefore 
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Figure 1: Relationship of Symbol Energies for Two or Four Antennas
A desirable configuration to be supported is one in which 
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 and 
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 are the same and equal to the maximum power amplifier transmit power which requires the RHS of 
(1.5)

 to be equal to 1. However because   GOTOBUTTON ZEqnNum553608  \* MERGEFORMAT  and 
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 are quantized this may not be possible.  Instead the power amplifier transmit amplifier will be under-utilized in some OFDM symbols.  Assuming a single user is assigned across the entire band, the utilization will therefore be  
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0 67% 86% 91% 96% 100% 97% 94% 92%

1 75% 100% 93% 88% 83% 80% 77% 75%

2 86% 83% 76% 71% 67% 63% 61% 58%

3 100% 67% 60% 54% 50% 47% 44% 42%
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Table 1: Utilization with current 
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values.  A single allocation across the entire band is assumed.
When 
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 is chosen to enforce downlink power control  and reduce the power transmitted to a power below the power amplifier’s full transmit power, there will be a power difference between symbols with and without RS (In the limiting case of zero power, there will be only RS power in OFDM symbols with RS). This is to be expected. On the other hand it should be possible to choose a value of 
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 such that full transmit power is used in all symbols, i.e. 
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.  From Table 1 it can be seen that this is not the case when 
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 where only 86% utilization is achieved when 
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dB.  I can be argued that these results only apply when a UE’s assignment covers the entire band and that if a UE is assigned to use a subset of the RBs of the entire band as with fractional frequency reuse, full utilization can be attained. However the full bandwidth allocation case is a more typical case.  In addition it is unclear why 100% utilization with full bandwidth allocation is supported for 
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 but not for 
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.  Finally, the reason for introducing different PDSCH amplitudes 
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 and 
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 on OFDM symbols with and without RS was to equalize the power on all transmitted OFDM symbols.  This goal was attained for some cases, e.g. QPSK modulation, but with the current allowed values of 
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  it is not attained for at least 
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 and 16QAM or 64QAM modulation.
3. Proposed Solutions
Two solutions to the above problem were presented on the reflector.

3.1. 
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 Dependent 
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The solution proposed in [3] is to let 
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 be dependent on 
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 and be of the form 
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In this case the power difference between symbols becomes



[image: image54.wmf](

)

(

)

6

51

6

15

A

tot

B

totBAB

BAA

P

PPPP

PPP

=

-++

=

-++

%

%%

.
 MACROBUTTON MTPlaceRef \* MERGEFORMAT (1.8)

Clearly for any value of 
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, setting 
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 results in equal powers 
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.  This scheme has the advantages that the range of power control is centered around the full power utilization point and the quantization steps are relative to this point.  The disadvantage is that since 
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 now scales down with 
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, the minimum value of 
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 also scales down by 6 dB.  The resulting increased dynamic range may have an impact on the UE’s FFT word length requirement.
3.2. Revised Set of Allowed 
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The simplest alternative to resolve the under utilization problem is to include 
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 dB in the list of allowed values.  A possible revised set would may be 
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The utilization with these revised values are given in the Table below:
	Utilization

	 
	 
	P_A (dB)

	 
	 
	-6
	-4.77
	-3
	-1.77
	0
	1
	2
	3

	P_B
	0
	67%
	75%
	86%
	92%
	100%
	97%
	94%
	92%

	
	1
	75%
	86%
	100%
	92%
	83%
	80%
	77%
	75%

	
	2
	86%
	100%
	83%
	75%
	67%
	63%
	61%
	58%

	
	3
	100%
	83%
	67%
	58%
	50%
	47%
	44%
	42%


Table 2: Utilization with revised 
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 values.  A single allocation across the entire band is assumed.
It can be seen that for all values of 
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 there is a value of 
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 that equalizes powers 
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The advantage of this approach is that it does not affect minimum values of 
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 and therefore does not risk affecting UE bit width requirements at this late stage of specification development.  Unlike the proposal above however, power control range is function of 
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 with power control adjustments in the downward direction limited at larger values of boost.  This however has always been the case irrespective of the underutilization problem with 
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4. Conclusions

The current choice of  values of 
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 was shown to yield unequal transmit power in OFDM symbols with and without cell-specific RS when the following conditions hold: 1) the power boost parameter is set to 
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 2) a single UE is allocated with the allocation spans the entire band, and 3) 16QAM or 64 QAM modulation is used or spatial multiplexing is employed with number of layers > 1.  The issue can be resolved by

1. Defining 
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 values which are a function of the boost or 

2. By modifying the 
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 set of values to include 
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 dB.

Due to the possible implication on UE bit width requirements our preference is option 2.  The corresponding text proposal for 36.213 is given below:
-------------------------------------------------- Start draft CR for TS36.213 --------------------------------------------
5.2
Downlink power allocation 

The eNodeB determines the downlink transmit energy per resource element.
A UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different cell-specific RS power information is received. The downlink reference-signal EPRE is given by the parameter Reference-signal-power provided by higher layers.
For each UE, the ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs in all the OFDM symbols not containing cell-specific RS is equal and is denoted by
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The UE may assume that for 16 QAM, 64 QAM, RI>1 spatial multiplexing or for PDSCH transmissions associated with the multi-user MIMO transmission mode, 
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 is equal to
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is 0 dB for all transmission modes except multi-user MIMO and where
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 is a UE specific parameter configured by RRC and which can take the values of [3, 2, 1, 0, -1, -2, -3, -6] [3, 2, 1, 0, -1, -1.77, -3, -4.77,-6]  in dB.
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