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1. Introduction
The framework for PDSCH power setting was agreed at RAN1#52 [1].  The following definitions were given:

· Three types of PDSCH REs corresponding to OFDM symbols with

· Only PDSCH REs (Type A)

· PDSCH  RE + RS (Type B)

· PDSCH REs + ”antenna holes” (Type C) [only applicable to 4 antennas
The REs are classified by their OFDM symbol and antenna port in the following table also from [1].
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Table 1: RE Classification


The amplitude scaling applied to each RE is defined in terms of the following variables:

· PA = EA/ERS
· ERS: EPRE of reference symbols

· EA: EPRE of PDSCH REs type A

· PA is UE specific, same for all RBs assigned to a user, and may vary dynamically

· PA either explicitly signaled or estimated by UE (currently under discussion)

· PB = EB/EA
· EA: EPRE of PDSCH REs type B

· PB cell-specific and semi-static

· PC = EC/EA
· EC: EPRE of PDSCH REs type C

· PC cell-specific and semi-static
The different RE types are illustrated in Fig 1.  The PDSCH EPRE to RS ERPRE, 
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, is a semi-statically signaled parameter (on a UE specific basis) if 64QAM modulation is used or if multicode SU-MIMO is employed [2].  Otherwise the eNodeB need not use this signaled value.  The values of 
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are specified in a table similar to Table 2.  The row index is signaled on a cell-specific basis and from the eNodeB antenna configuration, the UE can determine 
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 and 
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.  The structure of Table 2 is specified in 36.213 although specific values have not yet been agreed.  
	 
	One antenna port
	Two antenna 
ports 
	Four antenna 
ports

	 
	PB
	PB
	PB
	PC

	000
	
	
	
	

	001
	
	
	
	

	010
	
	
	
	

	011
	
	
	
	

	100
	
	
	
	

	101
	
	
	
	

	110
	
	
	
	

	111
	
	
	
	


Table 2: EPRE scaling of different RE types.  The row index is a cell-specific parameter.
In the case of four antenna ports, the current working assumption is 
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.  Antenna-dependent scaling, defined as 
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, has been proposed as a means of setting the EPRE in a “power optimized” manner such that the transmit power on all antenna ports is equal [3][4]

 REF _Ref194154137 \r \h 
[5].  This contribution analyzes the performance benefit of allowing 
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 and discusses the UE implementation implications.
2. SFBC + FSTD Performance Comparison
The SFBC+FSTD performance comparison of power-optimized vs. equal EPRE modes, i.e, 
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 consisted of two parts.  Link layer simulations were performed to determine the block error rate performance vs. type A 
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 for both modes.  The system performance benefit was then evaluated by combining these results with an analysis of interference levels experienced in a cell.  
2.1. Configurations Tested

The set of 10 configurations, defined by the value of 
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, used in the evaluation is shown in Table 3.  Configurations 1 through 5 satisfy
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 with each configuration having a different value of RS overhead or “pilot boost”.  The corresponding configurations with the same values of RS overhead but with 
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 are configurations 7 through 11.  Thus configurations 1 and 7, 2 and 8, …, 5 and 11, have the same pilot boost but differ only their value of 
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.  All configurations have 
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.  The average transmitted power of each configuration, 
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, is given by the far right column where we see the additional transmit power available in the power-optimized case, 
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 ranging from 0.16 to 0.85 dB.
	
	
	
	
	
	
	Average Symbol Energy 
	
	

	Configuration No. m
	Pilot Boost (dB)
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	ERS
	EA
	EB
	EC
	TYPE A
	TYPE B
	TYPE C
	Average Power (dB) m 
	

	1
	-3.01
	0.25
	0.5
	0.625
	0.75
	0.25
	0.250
	0.250
	0.00
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	2
	0
	0.5
	0.5
	0.5
	0.75
	0.25
	0.250
	0.250
	0.00
	

	3
	1.77
	0.75
	0.5
	0.375
	0.75
	0.25
	0.250
	0.250
	0.00
	

	4
	3.01
	1
	0.5
	0.25
	0.75
	0.25
	0.250
	0.250
	0.00
	

	5
	3.98
	1.25
	0.5
	0.125
	0.75
	0.25
	0.250
	0.250
	0.00
	

	7
	-3.01
	0.25
	0.5
	0.625
	0.625
	0.25
	0.250
	0.208
	-0.16
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	8
	0
	0.5
	0.5
	0.5
	0.5
	0.25
	0.250
	0.167
	-0.32
	

	9
	1.77
	0.75
	0.5
	0.375
	0.375
	0.25
	0.250
	0.125
	-0.49
	

	10
	3.01
	1
	0.5
	0.25
	0.25
	0.25
	0.250
	0.083
	-0.67
	

	11
	3.98
	1.25
	0.5
	0.125
	0.125
	0.25
	0.250
	0.042
	-0.85
	


Table 3: Power Scaling Combinations Evaluated
2.2. Link Level Results

Link layer results are shown in Figure 2 for QPSK and Figure 3 for 16QAM.  Simulation assumptions are given in Table 4.  BLER is plotted vs. the ratio of type A RE symbol energy to additive noise spectral density, 
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.  In the plots the dashed lines represent 
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 configurations while solid lines represent 
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.  Looking at the QPSK case in Figure 2 we see that the best RS power allocation for 
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 occurs with configuration No. 5 while the optimal RS allocation when 
[image: image28.wmf]CB

PP

=

 occurs with configuration 10,.  Similarly for 16QAM in Figure 3, we see the best performance with configurations 5, and 9.
Comparing configurations 5 with  10 for QPSK and 5 with 9 for 16QAM, we see a performance advantage with 
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 of about 0.6 dB and 0.7 dB gain respectively for QPSK and 16QAM.  These gains are similar to those reported in [6].  Note that because the x-axis is the type A RE 
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 over all RE types, the performance differences shown reflect the increased transmit power available when 
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 in addition to any coding gain/loss resulting from unequal symbol energies and any diversity loss due to different EPRE on different antenna ports.
	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	PDSCH data symbols per subframe
	12

	Number of RBs
	50

	Channel Model
	ETU

	Data/Reference EPRE
	According to Table 3.

	
Doppler Rate
	5 Hz

	Number of Receive Antennas
	2

	Tx Correlation
	0

	Rx Correlation
	0

	Channel Estimation
	1DMMSE

	Channel Coding Rate
	QPSK 1/3

16QAM 1/2


Table 4: Link Layer Simulation Assumptions

2.3. System Performance Aspects
The results above are indicative of performance in a noise-limited environment as may occur in an isolated cell.  The improved performance of 
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 configurations results mainly from increased transmit power which will also result in increased intercell interference.  The gains achievable in multi-cell system will therefore be less.  This may be quantified by accounting for the ratio of thermal noise to intercell interference at the UE.  Denoting this ratio for the 
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for 
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 is the BLER curve for configuration 
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 given in Figure 2 and Figure 3.  When these curves are parallel over an interval of interest, we have 
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where 
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 is the distance between the BLER curves on the 
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 axis for configurations 
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 gives the effective SNR gain for (2)

 in  GOTOBUTTON ZEqnNum271232  \* MERGEFORMAT  i, 
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where 
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 are given in Table 3.  
2.3.1. Effective SNR Gain in Noise-Limited and Interference-Limited Environments

There are two asymptotic cases of  (3)

 to consider: 1) The thermal noise-only case discussed above: 
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and 2) the interference-limited case
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In this case the effective SNR gain is then just the gain given by the link curves in the previous section scaled by the relative transmit power.  Furthermore since 
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Using 
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 for QPSK and 
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 for 16QAM, the effective SNR gain achievable are in the ranges shown in Table 5.  Note that in interference limited scenarios such as at a cell edge, it is possible to have worse QPSK modulation performance with 
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 even though more transmit power is available.  
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	QPSK, 
[image: image62.wmf]5,10

G


	16QAM, 
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Table 5: Effective SNR gain ranges.
2.3.2. Distribution of Effective SNR Gain
The SNR gain experienced by a UE is determined by the ratio of thermal to intercell interference which in turn is determined by the relative position of interfering eNodeBs to the UE.  The cdf of the effective SNR gain can then be obtained from the cdf of the noise rise 
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.  The cdf of the effective SNR gains are shown in  GOTOBUTTON ZEqnNum650545  \* MERGEFORMAT  and Figure 5 for deployment cases 1 and 3 respectively.  For both cases, the 5% cdf points are seen to be -0.1 and 0.2 dB for QPSK and 16QAM respectively.
3. Impact on SFBC+FSTD Decoding Complexity
The LLR metrics generated by the SFBC+FSTD demodulator need to take into account antenna dependent scaling which occurs when 
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.  The required changes can be seen from the expression in Sec. 6.3.4.3 of 36.211 which expresses the precoding output of the 
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 in terms of  the layer-mapping output 
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When the PDSCH power setting of each RE type is applied, the transmitted signal becomes 
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where 
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 is the symbol-dependent diagonal matrix which contains the scaling applied across antennas at symbol time 
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If the channel matrix is represented as 
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 and the received signal vector is
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The effective channel seen by the SFBC+FSTD demodulator is therefore 
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and the calculated LLR need only be scaled by a symbol dependent factor.  For the case of 
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 however, the estimated channel on ports 0/1, is scaled by 
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 in symbol 1.  The result is a modest increase in UE complexity required for antenna dependent scaling. 
4. Closed-Loop Precoding Considerations

4.1. Performance
From the discussion in the previous sections, several observations on the performance of closed-loop precoding with antenna-dependent scaling can be made.  First, the increase in Tx power provided by 
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 also applies to closed-loop precoding.  Second, the loss of diversity exhibited by SFBC+FSTD due to unequal energy transmitted from each antenna during some OFDM symbols will also be present with closed-loop precoding.  This loss was however found to be less small, less than 0.1 dB.  The diversity loss with closed loop precoding could be the same or more.  It could also be less but only by 0.1 dB.  Considering just transmit power and diversity loss, the relative performance of 
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 with closed loop precoding should therefore be similar.  Finally, closed-loop precoding however has the additional aspect of UE precoder selection not shared by SFBC+FSTD.  The effect of antenna-dependent scaling on precoding selection may be seen from a similar expression to (8)

 for the case of closed-loop precoding: 
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where here 
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 is the precoding matrix selected for symbol 
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,  GOTOBUTTON ZEqnNum754150  \* MERGEFORMAT  takes one of three values, there are actually two additional codebooks in use


[image: image100.wmf](

)

{

}

{

}

:,0,4

tt

=ÎÎ

AWW

1

WW


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (13)

and 
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This has two implications.  First, the codebook 
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was chosen to optimize performance.  However in three of the seven slots precoding matrices from a different codebook are being used.  In addition the codebooks 
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no longer consist of unitary matrices.  More importantly, the UE has to either base its precoding and link adaptation feedback to take “codebook hopping” into account or base its feedback on a single codebook.  The first approach complicates the design while the second approach may introduce performance degradation above and beyond the diversity loss experienced by SFBC+FSTD.  In the interference limited conditions, this loss is not compensated by increased available transmit power and therefore a degradation in coverage may result.  In any case the gains achievable with closed-loop precoding should not exceed those experienced by SFBC+FSTD.  
4.2. UE Implementation
In Section 3 the channel matrix used for SFBC+FSTD LLR generation, 
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where subcarrier index 
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 have been dropped for clarity.  The term 
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 represents the covariance matrix of thermal noise plus intercell interference.  When 
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Even when 
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Note that the condition of 
(17)

 relates the normalized difference in PDSCH energies to a matrix version of a signal-plus-noise to noise ratio.  Using this approximation,  GOTOBUTTON ZEqnNum201450  \* MERGEFORMAT  only needs to be updated at the rate of 
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no longer holds and it is not clear how to avoid recalculating the inverse of 
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 each time  GOTOBUTTON ZEqnNum751264  \* MERGEFORMAT  changes.  In fact from 
(9)

 it is observed that  GOTOBUTTON ZEqnNum754150  \* MERGEFORMAT  changes during each of the first three symbols of a slot.  Consequently to avoid performance loss , 
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 must effectively be calculated at the symbol rate. 
5. Conclusions

This contribution studied the performance advantages and implementation aspects of antenna-dependent scaling.  Improved link performance in at least parts of the cell can be obtained by virtue of increased transmit power.  These gains are offset by degraded performance in interference-limited conditions and increased UE complexity.  The conclusions regarding performance are:
· SNR gains with SFBC+FSTD ranged from a .1 dB loss (QPSK) to a 0.2 dB improvement (16QAM) in cell edge coverage.

· Median gains ranged from 0 to 0.2 dB

· Similar or smaller gains are anticipated with closed-loop precoding. 
· Closed loop precoding coverage may suffer due to implicit time-varying codebook
UE implementation impacts include:
· Modest increase in complexity for SFBC+FSTD LLR calculation

· Requires symbol-rate MMSE weight vector calculation to avoid performance degradation

· PMI and link adaptation calculation potentially need to account for a time-varying codebook

Overall, the limited performance gains observed with antenna-dependent scaling do not seem to justify the additional UE complexity and testing effort.
6. Appendix 
Let 
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Using the matrix inversion lemma and 
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When the elements of 
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Combining with (22)

 gives the result:
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Figure 1: Definition of Resource Element Types


[image: image154]
Figure 2: QPSK Performance

[image: image155]
Figure 3: 16QAM Performance


[image: image156.emf]0

0.2

0.4

0.6

0.8

1

-0.3 -0.1 0.1 0.3 0.5 0.7

Effective SNR Gain (dB)

P(Gain < x)

Case 1 QPSK

Case 1 16QAM


Figure 4: Distribution of effective gain of 
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Figure 5: : Distribution of effective gain of 
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		19		0.0926		0.9074		0.0207		-19.05		-18.39		0.66		-0.06		-0.0012518965		0.020413738		-19.05		-18.57		0.49		0.16		0.0034008921		0.021498085

		20		1		0		0.9074		-20.04		-19.38		0.66		-0.06		-0.056537578		0.8944746816		-20.04		-19.56		0.49		0.16		0.1478850075		0.9420987757

								1								mean(dB)		-0.0611820355		-0.0611773933								mean(dB)		0.1637881143		0.1637905303





Case 3

										4QAM												16QAM

		Rise		CDF		1-CDF		PDF		No. 5 (I+gN)/N  (dB)		No. 10 (N+gI)/N  (dB)		Difference (dB)		Case 3 QPSK		for mean(dB)		for mean linear		No. 5 (N+gI)/N  (dB)		No. 9 (N+gI)/N  (dB)		Difference (dB)		Case 3 16QAM		for mean(dB)		for mean linear

		-15		0.0004		0.9996		0.0004		-0.14		-0.12		0.02		0.58		0.00		0.0004572503		-0.14		-0.12		0.01		0.64		0.0002542852		0.0004630536

		-14		0.0004		0.9996		0		-0.17		-0.15		0.02		0.58		0.00		0		-0.17		-0.15		0.02		0.63		0		0

		-13		0.0004		0.9996		0		-0.21		-0.18		0.03		0.57		0.00		0		-0.21		-0.19		0.02		0.63		0		0

		-12		0.0007		0.9993		0.0003		-0.27		-0.23		0.04		0.56		0.00		0.0003415256		-0.27		-0.24		0.03		0.62		0.0001866885		0.0003462189

		-11		0.0021		0.9979		0.0014		-0.33		-0.29		0.05		0.55		0.00		0.0015905171		-0.33		-0.30		0.03		0.62		0.000861872		0.0016132078

		-10		0.0021		0.9979		0		-0.41		-0.36		0.06		0.54		0.00		0		-0.41		-0.37		0.04		0.61		0		0

		-9		0.0039		0.9961		0.0018		-0.51		-0.45		0.07		0.53		0.00		0.0020336641		-0.51		-0.46		0.05		0.60		0.0010757812		0.0020655615

		-8		0.0077		0.9923		0.0038		-0.64		-0.55		0.09		0.51		0.00		0.0042777143		-0.64		-0.57		0.06		0.59		0.0022263078		0.0043488121

		-7		0.0119		0.9881		0.0042		-0.79		-0.69		0.10		0.50		0.00		0.0047076566		-0.79		-0.71		0.08		0.57		0.0024019907		0.0047911476

		-6		0.0186		0.9814		0.0067		-0.97		-0.85		0.13		0.47		0.00		0.0074720046		-0.97		-0.88		0.09		0.56		0.0037222782		0.0076143212

		-5		0.0281		0.9719		0.0095		-1.19		-1.04		0.15		0.45		0.00		0.010533095		-1.19		-1.08		0.11		0.54		0.0050990535		0.0107497373

		-4		0.0389		0.9611		0.0108		-1.46		-1.28		0.18		0.42		0.00		0.0118956473		-1.46		-1.32		0.13		0.52		0.0055667461		0.0121609556

		-3		0.0554		0.9446		0.0165		-1.76		-1.55		0.21		0.39		0.01		0.0180409871		-1.76		-1.61		0.16		0.49		0.0081147479		0.0184783945

		-2		0.0811		0.9189		0.0257		-2.12		-1.88		0.25		0.35		0.01		0.0278767789		-2.12		-1.94		0.18		0.47		0.0119800398		0.02861199

		-1		0.1063		0.8937		0.0252		-2.54		-2.26		0.28		0.32		0.01		0.027103684		-2.54		-2.33		0.21		0.44		0.0110619158		0.0278802736

		0		0.1354		0.8646		0.0291		-3.01		-2.69		0.32		0.28		0.01		0.0310247511		-3.01		-2.77		0.24		0.41		0.0119565622		0.0319875392

		1		0.1768		0.8232		0.0414		-3.54		-3.18		0.36		0.24		0.01		0.0437491305		-3.54		-3.27		0.27		0.38		0.0158400175		0.0452127843

		2		0.2189		0.7811		0.0421		-4.12		-3.73		0.40		0.20		0.01		0.0441033591		-4.12		-3.83		0.30		0.35		0.0149410776		0.0456847856

		3		0.2705		0.7295		0.0516		-4.76		-4.33		0.43		0.17		0.01		0.0536068343		-4.76		-4.44		0.32		0.33		0.016946336		0.0556533662

		4		0.3147		0.6853		0.0442		-5.46		-4.99		0.47		0.13		0.01		0.0455629721		-5.46		-5.11		0.35		0.30		0.0134252081		0.047401932

		5		0.3775		0.6225		0.0628		-6.19		-5.69		0.50		0.10		0.01		0.0642782148		-6.19		-5.82		0.37		0.28		0.0176629726		0.0670016343

		6		0.434		0.566		0.0565		-6.97		-6.45		0.53		0.07		0.00		0.0574639308		-6.97		-6.58		0.39		0.26		0.0147581458		0.0600024605

		7		0.487		0.513		0.053		-7.79		-7.24		0.55		0.05		0.00		0.0536049781		-7.79		-7.38		0.41		0.24		0.012913626		0.056058465

		8		0.5505		0.4495		0.0635		-8.64		-8.07		0.57		0.03		0.00		0.063917259		-8.64		-8.22		0.42		0.23		0.0145121779		0.0669310362

		9		0.6053		0.3947		0.0548		-9.51		-8.93		0.59		0.01		0.00		0.054935461		-9.51		-9.08		0.43		0.22		0.0118206587		0.0575905337

		10		0.6582		0.3418		0.0529		-10.41		-9.81		0.60		-0.00		-0.00		0.0528493621		-10.41		-9.97		0.45		0.20		0.010841368		0.0554561546

		11		0.7049		0.2951		0.0467		-11.33		-10.72		0.62		-0.02		-0.00		0.046522617		-11.33		-10.88		0.45		0.20		0.0091532859		0.0488559052

		12		0.7547		0.2453		0.0498		-12.27		-11.64		0.63		-0.03		-0.00		0.0494945533		-12.27		-11.80		0.46		0.19		0.0093943263		0.0520107902

		13		0.794		0.206		0.0393		-13.21		-12.58		0.64		-0.04		-0.00		0.0389840243		-13.21		-12.75		0.47		0.18		0.0071770352		0.0409878111

		14		0.8333		0.1667		0.0393		-14.17		-13.53		0.64		-0.04		-0.00		0.038923172		-14.17		-13.70		0.47		0.18		0.0069846797		0.0409416435

		15		0.8593		0.1407		0.026		-15.14		-14.49		0.65		-0.05		-0.00		0.0257181473		-15.14		-14.66		0.48		0.17		0.0045179057		0.027061378

		16		0.8832		0.1168		0.0239		-16.11		-15.46		0.65		-0.05		-0.00		0.0236168033		-16.11		-15.63		0.48		0.17		0.0040766481		0.0248573602

		17		0.8986		0.1014		0.0154		-17.09		-16.43		0.66		-0.06		-0.00		0.015205041		-17.09		-16.60		0.48		0.17		0.0025872429		0.0160074074

		18		0.9193		0.0807		0.0207		-18.07		-17.41		0.66		-0.06		-0.00		0.0204244973		-18.07		-17.58		0.48		0.17		0.0034350207		0.0215062479

		19		0.9326		0.0674		0.0133		-19.05		-18.39		0.66		-0.06		-0.00		0.0131160732		-19.05		-18.57		0.49		0.16		0.0021851143		0.0138127793

		20		1		0		0.0674		-20.04		-19.38		0.66		-0.06		-0.00		0.0664399312		-20.04		-19.56		0.49		0.16		0.0109846259		0.0699773611

								1										0.08		0.0854551441										0.2686657416		0.2699185038

																										avg

																										avg (dB)
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Case 1

										4QAM												16QAM

		Rise		CDF		1-CDF		PDF		No. 5 (I+gN)/N  (dB)		No. 10 (N+gI)/N  (dB)		Difference (dB)		Case 1 QPSK		for mean(dB)		for mean linear		No. 5 (N+gI)/N  (dB)		No. 9 (N+gI)/N  (dB)		Difference (dB)		Case 1 16QAM		for mean dB		for mean linear
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		-11		0		1		0		-0.33		-0.29		0.05		0.55		0		0		-0.33		-0.30		0.03		0.62		0		0

		-10		0		1		0		-0.41		-0.36		0.06		0.54		0		0		-0.41		-0.37		0.04		0.61		0		0

		-9		0		1		0		-0.51		-0.45		0.07		0.53		0		0		-0.51		-0.46		0.05		0.60		0		0

		-8		0		1		0		-0.64		-0.55		0.09		0.51		0		0		-0.64		-0.57		0.06		0.59		0		0

		-7		0		1		0		-0.79		-0.69		0.10		0.50		0		0		-0.79		-0.71		0.08		0.57		0		0

		-6		0		1		0		-0.97		-0.85		0.13		0.47		0		0		-0.97		-0.88		0.09		0.56		0		0

		-5		0		1		0		-1.19		-1.04		0.15		0.45		0		0		-1.19		-1.08		0.11		0.54		0		0

		-4		0		1		0		-1.46		-1.28		0.18		0.42		0		0		-1.46		-1.32		0.13		0.52		0		0

		-3		0		1		0		-1.76		-1.55		0.21		0.39		0		0		-1.76		-1.61		0.16		0.49		0		0

		-2		0		1		0		-2.12		-1.88		0.25		0.35		0		0		-2.12		-1.94		0.18		0.47		0		0

		-1		0		1		0		-2.54		-2.26		0.28		0.32		0		0		-2.54		-2.33		0.21		0.44		0		0

		0		0		1		0		-3.01		-2.69		0.32		0.28		0		0		-3.01		-2.77		0.24		0.41		0		0

		1		0		1		0		-3.54		-3.18		0.36		0.24		0		0		-3.54		-3.27		0.27		0.38		0		0

		2		0		1		0		-4.12		-3.73		0.40		0.20		0		0		-4.12		-3.83		0.30		0.35		0		0

		3		0		1		0		-4.76		-4.33		0.43		0.17		0		0		-4.76		-4.44		0.32		0.33		0		0

		4		0		1		0		-5.46		-4.99		0.47		0.13		0		0		-5.46		-5.11		0.35		0.30		0		0

		5		0		1		0		-6.19		-5.69		0.50		0.10		0		0		-6.19		-5.82		0.37		0.28		0		0

		6		0.0004		0.9996		0.0004		-6.97		-6.45		0.53		0.07		0.0000293875		0.0004068243		-6.97		-6.58		0.39		0.26		0.0001044824		0.0004247962

		7		0.0004		0.9996		0		-7.79		-7.24		0.55		0.05		0		0		-7.79		-7.38		0.41		0.24		0		0

		8		0.0014		0.9986		0.001		-8.64		-8.07		0.57		0.03		0.0000284442		0.001006571		-8.64		-8.22		0.42		0.23		0.0002285382		0.0010540321

		9		0.0018		0.9982		0.0004		-9.51		-8.93		0.59		0.01		0.0000042889		0.0004009888		-9.51		-9.08		0.43		0.22		0.0000862822		0.0004203689

		10		0.0042		0.9958		0.0024		-10.41		-9.81		0.60		-0.00		-0.0000099821		0.0023977026		-10.41		-9.97		0.45		0.20		0.0004918579		0.0025159692

		11		0.006		0.994		0.0018		-11.33		-10.72		0.62		-0.02		-0.0000297494		0.001793163		-11.33		-10.88		0.45		0.20		0.0003528033		0.001883097

		12		0.0095		0.9905		0.0035		-12.27		-11.64		0.63		-0.03		-0.0000935177		0.0034785329		-12.27		-11.80		0.46		0.19		0.0006602438		0.0036553768

		13		0.0123		0.9877		0.0028		-13.21		-12.58		0.64		-0.04		-0.0000981647		0.0027774877		-13.21		-12.75		0.47		0.18		0.0005113409		0.0029202512

		14		0.014		0.986		0.0017		-14.17		-13.53		0.64		-0.04		-0.0000711335		0.0016836996		-14.17		-13.70		0.47		0.18		0.0003021363		0.0017710126

		15		0.0239		0.9761		0.0099		-15.14		-14.49		0.65		-0.05		-0.0004686332		0.0097926792		-15.14		-14.66		0.48		0.17		0.0017202795		0.0103041401

		16		0.033		0.967		0.0091		-16.11		-15.46		0.65		-0.05		-0.0004710878		0.008992172		-16.11		-15.63		0.48		0.17		0.0015521965		0.0094645179

		17		0.0509		0.9491		0.0179		-17.09		-16.43		0.66		-0.06		-0.0009904296		0.0176733918		-17.09		-16.60		0.48		0.17		0.0030072499		0.0186060126

		18		0.0719		0.9281		0.021		-18.07		-17.41		0.66		-0.06		-0.0012219836		0.0207205045		-18.07		-17.58		0.48		0.17		0.0034848036		0.0218179327

		19		0.0926		0.9074		0.0207		-19.05		-18.39		0.66		-0.06		-0.0012518965		0.020413738		-19.05		-18.57		0.49		0.16		0.0034008921		0.021498085

		20		1		0		0.9074		-20.04		-19.38		0.66		-0.06		-0.056537578		0.8944746816		-20.04		-19.56		0.49		0.16		0.1478850075		0.9420987757

								1								mean(dB)		-0.0611820355		-0.0611773933								mean(dB)		0.1637881143		0.1637905303





Case 3

										4QAM												16QAM

		Rise		CDF		1-CDF		PDF		No. 5 (I+gN)/N  (dB)		No. 10 (N+gI)/N  (dB)		Difference (dB)		Case 3 QPSK		for mean(dB)		for mean linear		No. 5 (N+gI)/N  (dB)		No. 9 (N+gI)/N  (dB)		Difference (dB)		Case 3 16QAM		for mean(dB)		for mean linear

		-15		0.0004		0.9996		0.0004		-0.14		-0.12		0.02		0.58		0.00		0.0004572503		-0.14		-0.12		0.01		0.64		0.0002542852		0.0004630536

		-14		0.0004		0.9996		0		-0.17		-0.15		0.02		0.58		0.00		0		-0.17		-0.15		0.02		0.63		0		0

		-13		0.0004		0.9996		0		-0.21		-0.18		0.03		0.57		0.00		0		-0.21		-0.19		0.02		0.63		0		0

		-12		0.0007		0.9993		0.0003		-0.27		-0.23		0.04		0.56		0.00		0.0003415256		-0.27		-0.24		0.03		0.62		0.0001866885		0.0003462189

		-11		0.0021		0.9979		0.0014		-0.33		-0.29		0.05		0.55		0.00		0.0015905171		-0.33		-0.30		0.03		0.62		0.000861872		0.0016132078

		-10		0.0021		0.9979		0		-0.41		-0.36		0.06		0.54		0.00		0		-0.41		-0.37		0.04		0.61		0		0

		-9		0.0039		0.9961		0.0018		-0.51		-0.45		0.07		0.53		0.00		0.0020336641		-0.51		-0.46		0.05		0.60		0.0010757812		0.0020655615

		-8		0.0077		0.9923		0.0038		-0.64		-0.55		0.09		0.51		0.00		0.0042777143		-0.64		-0.57		0.06		0.59		0.0022263078		0.0043488121

		-7		0.0119		0.9881		0.0042		-0.79		-0.69		0.10		0.50		0.00		0.0047076566		-0.79		-0.71		0.08		0.57		0.0024019907		0.0047911476

		-6		0.0186		0.9814		0.0067		-0.97		-0.85		0.13		0.47		0.00		0.0074720046		-0.97		-0.88		0.09		0.56		0.0037222782		0.0076143212

		-5		0.0281		0.9719		0.0095		-1.19		-1.04		0.15		0.45		0.00		0.010533095		-1.19		-1.08		0.11		0.54		0.0050990535		0.0107497373

		-4		0.0389		0.9611		0.0108		-1.46		-1.28		0.18		0.42		0.00		0.0118956473		-1.46		-1.32		0.13		0.52		0.0055667461		0.0121609556

		-3		0.0554		0.9446		0.0165		-1.76		-1.55		0.21		0.39		0.01		0.0180409871		-1.76		-1.61		0.16		0.49		0.0081147479		0.0184783945

		-2		0.0811		0.9189		0.0257		-2.12		-1.88		0.25		0.35		0.01		0.0278767789		-2.12		-1.94		0.18		0.47		0.0119800398		0.02861199

		-1		0.1063		0.8937		0.0252		-2.54		-2.26		0.28		0.32		0.01		0.027103684		-2.54		-2.33		0.21		0.44		0.0110619158		0.0278802736

		0		0.1354		0.8646		0.0291		-3.01		-2.69		0.32		0.28		0.01		0.0310247511		-3.01		-2.77		0.24		0.41		0.0119565622		0.0319875392

		1		0.1768		0.8232		0.0414		-3.54		-3.18		0.36		0.24		0.01		0.0437491305		-3.54		-3.27		0.27		0.38		0.0158400175		0.0452127843

		2		0.2189		0.7811		0.0421		-4.12		-3.73		0.40		0.20		0.01		0.0441033591		-4.12		-3.83		0.30		0.35		0.0149410776		0.0456847856

		3		0.2705		0.7295		0.0516		-4.76		-4.33		0.43		0.17		0.01		0.0536068343		-4.76		-4.44		0.32		0.33		0.016946336		0.0556533662

		4		0.3147		0.6853		0.0442		-5.46		-4.99		0.47		0.13		0.01		0.0455629721		-5.46		-5.11		0.35		0.30		0.0134252081		0.047401932

		5		0.3775		0.6225		0.0628		-6.19		-5.69		0.50		0.10		0.01		0.0642782148		-6.19		-5.82		0.37		0.28		0.0176629726		0.0670016343

		6		0.434		0.566		0.0565		-6.97		-6.45		0.53		0.07		0.00		0.0574639308		-6.97		-6.58		0.39		0.26		0.0147581458		0.0600024605

		7		0.487		0.513		0.053		-7.79		-7.24		0.55		0.05		0.00		0.0536049781		-7.79		-7.38		0.41		0.24		0.012913626		0.056058465

		8		0.5505		0.4495		0.0635		-8.64		-8.07		0.57		0.03		0.00		0.063917259		-8.64		-8.22		0.42		0.23		0.0145121779		0.0669310362

		9		0.6053		0.3947		0.0548		-9.51		-8.93		0.59		0.01		0.00		0.054935461		-9.51		-9.08		0.43		0.22		0.0118206587		0.0575905337

		10		0.6582		0.3418		0.0529		-10.41		-9.81		0.60		-0.00		-0.00		0.0528493621		-10.41		-9.97		0.45		0.20		0.010841368		0.0554561546

		11		0.7049		0.2951		0.0467		-11.33		-10.72		0.62		-0.02		-0.00		0.046522617		-11.33		-10.88		0.45		0.20		0.0091532859		0.0488559052

		12		0.7547		0.2453		0.0498		-12.27		-11.64		0.63		-0.03		-0.00		0.0494945533		-12.27		-11.80		0.46		0.19		0.0093943263		0.0520107902

		13		0.794		0.206		0.0393		-13.21		-12.58		0.64		-0.04		-0.00		0.0389840243		-13.21		-12.75		0.47		0.18		0.0071770352		0.0409878111

		14		0.8333		0.1667		0.0393		-14.17		-13.53		0.64		-0.04		-0.00		0.038923172		-14.17		-13.70		0.47		0.18		0.0069846797		0.0409416435

		15		0.8593		0.1407		0.026		-15.14		-14.49		0.65		-0.05		-0.00		0.0257181473		-15.14		-14.66		0.48		0.17		0.0045179057		0.027061378

		16		0.8832		0.1168		0.0239		-16.11		-15.46		0.65		-0.05		-0.00		0.0236168033		-16.11		-15.63		0.48		0.17		0.0040766481		0.0248573602

		17		0.8986		0.1014		0.0154		-17.09		-16.43		0.66		-0.06		-0.00		0.015205041		-17.09		-16.60		0.48		0.17		0.0025872429		0.0160074074

		18		0.9193		0.0807		0.0207		-18.07		-17.41		0.66		-0.06		-0.00		0.0204244973		-18.07		-17.58		0.48		0.17		0.0034350207		0.0215062479

		19		0.9326		0.0674		0.0133		-19.05		-18.39		0.66		-0.06		-0.00		0.0131160732		-19.05		-18.57		0.49		0.16		0.0021851143		0.0138127793

		20		1		0		0.0674		-20.04		-19.38		0.66		-0.06		-0.00		0.0664399312		-20.04		-19.56		0.49		0.16		0.0109846259		0.0699773611

								1										0.08		0.0854551441										0.2686657416		0.2699185038

																										avg

																										avg (dB)
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								QPSK		QPSK		16QAM

		No. 5 gamma		No. 10 gamma		No. 9 gamma		No. 5 beta		No. 10 beta		No. 5 beta		No. 9 beta

		1		0.8571428571		0.8928571429		0		-0.6		0		-0.65
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Two antenna ports


Resource element (k,l)


Not used for transmission on this antenan port


Reference symbols on this antenna port


Four antenna ports
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		OFDM sSmbol		1 antenna port		2 antenna ports		4 antenna ports

		Type A		1, 2, 3, 5, 6		1,2,3,5,6		2,3,5,6

		Type B		0, 4		0,4		0, 4 (AP 0 and 1)

								1 (AP 2 and 3)

		Type C		Not applicable		Not applicable		1 (AP 0 and 1)

								0, 4 (AP 2 and 3
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