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1. Introduction
Beamforming has been proposed as a means of improving cell edge coverage for both FDD and TDD modes [2]

 REF _Ref181432319 \r \h 
[3]

 REF _Ref181432357 \r \h 
[4].  To support this feature, dedicated reference signals have been agreed for TDD [1] and FDD [5].  The proposal in [5] calls for a dedicated reference signal (DRS) which satisfies the following:

· Define a single dedicated reference signal pattern for FDD
· The eNB can semi-statically configure a UE to use the dedicated reference signal as the phase reference for data demodulation of a single codeword

· Dedicated RS are transmitted for a maximum of 1 stream

This contribution addresses the design of the dedicated reference symbol (DRS) pattern for FDD.  A set of DRS patterns with varying densities are analyzed in terms of their achievable channel estimation performance and overhead.  This set of DRS patterns are then divided into subsets such that each pattern in the same subset has the same DRS density and therefore the same overhead.  Within each subset, the optimal reference symbol patterns with the best achievable channel estimation performance over a range of multipath channels, Doppler spreads, and 
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 are identified, including the effects of rate matching.  The simulated performance of these reference symbol patterns are presented and a recommendation on the dedicated reference symbol pattern for FDD is given.
This is an update of contribution R1-074564.
2. Candidate Set of DRS Patterns

The set of candidate dedicated reference symbol patterns are shown in Figure 1 through Figure 4 for densities of 6, 8, 12, 15, and 16 dedicated reference symbols per subframe.  The patterns were chosen to be as close to uniform as possible across symbols 4 through 14 of a subframe since these are the symbols which will, regardless of the PDCCH configuration, contain a PDSCH allocation.  The dedicated reference symbol pattern 6Symbol_1 was originally proposed in [6].
3. SNR Degradation Due to Channel Estimation Error
This section derives a DRS pattern figure-of-merit that reflects the SNR degradation due to channel estimation error which can be achieved with a 2DMMSE channel estimator operating on the received symbols received in one resource block pair.  
The output of the FFT operation for resource element 
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, is modeled as the product of a zero-mean complex-valued random channel gain, 
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The channel gain and modulation symbol have variance 
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.  The additive noise is assumed to be zero-mean with uncorrelated real and imaginary parts and variance 
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.  The channel estimator uses the set of FFT outputs at the dedicated reference symbol locations in one resource block pair to generate estimates of the channel 
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, at each resource element in the PDSCH allocation which contains data symbols.  The FFT at each of these locations is multiplied by the conjugate of the channel estimate to yield the channel-corrected symbols 
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If the channel estimate has error 
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, the SNR of 
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 can be shown to be 
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where the high SNR approximation 
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 has been used.  The SNR degradation due to channel estimation error, 
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4. Channel Estimation Performance and Overhead of Dedicated Reference Symbol Patterns
The set of reference symbol patterns in Section 2 were evaluated in terms of their channel estimation performance and overhead.  For each pattern, 
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 was calculated from Wiener filter theory assuming knowledge of a) the power density profile of the channel, b) the Doppler spread of the channel, and c) the received 
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.  Using 
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, the mean SNR degradation 
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was then calculated.  The quantity 
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 is number of resource elements in the PDSCH allocation which is assumed to occupy symbols 4 through 14 of a subframe.   Denoting  the number of dedicated reference symbols per subframe 
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 and  the number of resource elements in symbols 4 through 14 occupied by common reference symbols on the common antenna ports , 
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Table 1 and Table 3 list 
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 for each candidate pattern in the PA and TU6 channels respectively.  The patterns 6Symbol_3, 8Symbol_3, and 12Symbol_3. are seen to be optimal for densities of 6,8,12 DRS symbols per subframe respectively.  The differences are less than 0.5 dB with the exception of the pattern 8Symbol_1 which is 2.4 dB worse than 8Symbol_3 at 250 km/h due to the lack of reference symbols in the center of the subframe.
Also shown in the tables is the overhead associated with each pattern for 
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reflects the loss in received signal energy that occurs from transmitting dedicated reference symbols instead of coded symbols.  The effect of both channel estimation error and overhead is shown in Table 2 and Table 4 where the product of the SNR degradation, 
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, and the overheard, 
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, is listed for all patterns.  From the tables it can be seen that the optimal density considering only channel estimation error and overhead is 16 symbols per subframe for 15 and 25 dB 
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in the PA channel and 25 dB in the TU6 channel.  A lower density was optimal only for the PA channel at an 
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 of 15 dB.  However the difference between densities of 16 and 12 symbols is at most 0.25 dB.  One factor not accounted for in this analysis is the reduction in code rate which takes place as the puncturing overhead is increased.  Taking this into account would tend to make the optimal RS density less than that indicated by Table 3 and Table 4.
5. Simulation Results

Link level simulations were performed to determine the exact optimal RS density.  Dedicated reference symbols were inserted according to the optimal patterns given above, i.e. 6Symbol_3, 8Symbol_3, 12Symbol_3, and 16Symbol_1.  QPSK, 16QAM, and 64QAM modulation were used with transport blocks sizes of 2194, 11264, 24742 and respectively.  The corresponding nominal code rates (obtained with a puncturing density of 12 symbols per subframes) were .203, .521, and .764.  Additional simulation assumptions are given in Table 5.
BLER vs. 
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 is plotted for the TU channel model at speeds of 3, 60, and 250 km/h in Figure 5 through Figure 10.  In general lower puncturing densities perform better with higher order modulations. From Figure 5, Figure 7, and Figure 9, it can be seen that the optimal puncturing density for QPSK modulation is 16 symbols/subframe by approximately .1 to .2 dB.  However with 16QAM and 64QAM modulation, 16 symbols/subframe is inferior to 12 symbols/subframe by between .2 to .5 dB.  The best performance overall is obtained with the 8 and 12 symbol patterns.  A comparison of the performance of these patterns is given  is given in Table 6 where the 10% BLER 
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  threshold of the 12 symbol pattern is given relative that of the 8 symbol pattern.  With the exception of 64QAM at 3 km/h, the 12 symbol pattern’s performance is equal to or superior to that of the 8 symbol pattern. 
6. Conclusions

Based on the analysis and simulation results above it is recommended that the dedicated RS pattern for FS1 and normal CP be 12Symbol_1 in Figure 3.  
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Figure 1: DRS Symbol Patterns for 6 Symbols per Subframe
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Figure 2: DRS Symbol Patterns for 8 Symbols per Subframe

[image: image43.png]freq (subcarriers)

12

10

©

)

TUG chan, 128ymbo|1

TUG chan, 128ymbo|2

TUG chan, 128ymbo|3

freq (subcarriers)

12

10

©

)

freq (subcarriers)

12

10

©

)

2 4 8 8 1012 14
time (symbols)

2 4 8 8 1012 14
time (symbols)

2 4 8 8 1012 14
time (symbols)




Figure 3: DRS Symbol Patterns for 12 Symbols per Subframe
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Figure 4: DRS Symbol Patterns for 15 and 16 Symbols per Subframe
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Table 1: SNR Degradation Due to Channel Estimation for the PA Channel
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Table 2: Sum of SNR Degradation and Overhead for the PA Channel
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Table 3: SNR Degradation Due to Channel Estimation for the TU6 Channel
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Table 4: Sum of SNR Degradation Due to Channel Estimation and Overhead for the TU6 Channel
	Parameter
	Value

	Transmission Bandwidth
	10 MHz

	NFFT
	1024

	Sub-carrier spacing
	15 kHz

	PDSCH data symbols per subframe
	11 

	Number of RBs
	50

	Channel Model
	TU 6 path

	Data/Reference EPRE
	1.0

	
Carrier Frequency
	2.0 GHz

	Number of Receive Antennas
	2

	Channel Estimation
	2DMMSE

	Modulation/Transport Block size
	QPSK/2194

16QAM/11264

64QAM/24742


Table 5: Simulation Assumptions
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Figure 5: BLER vs. Es/No for QPSK and 16QAM and 3 km/h
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Figure 6: BLER vs. Es/No for 64QAM and 3 km/h
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Figure 7: BLER vs. Es/No for QPSK and 16QAM and 60 km/h
[image: image52.emf]16 17 18 19 20 21 22

10

-4

10

-3

10

-2

10

-1

10

0

E

s

/N

0

 (dB)

BLER

64QAM,TU, 60 km/h

 

 

6Sym

8Sym

12Sym

16Sym


Figure 8: BLER vs. Es/No for 64QAM and 60 km/h
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Figure 9: BLER vs. Es/No for QPSK and 16QAM and 250 km/h
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Figure 10: BLER vs. Es/No for 64QAM and 250 km/h
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	Speed (3 km/h)
	QPSK
	16QAM
	64QAM

	3
	-0.25
	0
	0.25

	60
	-0.25
	0
	0

	250
	-0.4
	-0.05
	-0.35


Table 6 : 10% BLER threshold for 12 symbols/subframe reference pattern relative to that for 8 symbols/subframe.




































� The channel estimator defined here is designed to be reasonably consistent with the ongoing RAN4 discussion on channel estimation for LTE, but that discussion is not yet concluded.
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		8Symbol_2		0.54		0.76		0.92		1.02		1.3																						8Symbol_1		0.54		0.73		0.84		0.93		1.56

		8Symbol_3		0.54		0.71		0.8		0.88		1.13				0.84		1.01		1.1		1.18		1.43										8Symbol_2		0.54		0.76		0.92		1.02		1.3

		12Symbol_1		0.38		0.54		0.61		0.67		0.83		0.46																				8Symbol_3		0.54		0.71		0.8		0.88		1.13

		12Symbol_2		0.38		0.53		0.59		0.65		0.86																						12Symbol_1		0.38		0.54		0.61		0.67		0.83

		12Symbol_3		0.38		0.5		0.55		0.61		0.8				0.84		0.96		1.01		1.07		1.26										12Symbol_2		0.38		0.53		0.59		0.65		0.86

		15Symbol_1		0.31		0.49		0.59		0.65		0.88		0.58		0.89		1.07		1.17		1.23		1.46										12Symbol_3		0.38		0.5		0.55		0.61		0.8

		16Symbol_1		0.3		0.41		0.44		0.49		0.64		0.62		0.92		1.03		1.06		1.11		1.26										15Symbol_1		0.31		0.49		0.59		0.65		0.88

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.3		0.41		0.44		0.49		0.64

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		0.92		1.47		1.56		1.79		2.59		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.92		1.54		1.66		2.1		3.52																						6Symbol_1		0.92		1.47		1.56		1.79		2.59

		6Symbol_3		0.91		1.18		1.23		1.45		1.79				1.13		1.4		1.45		1.67		2.01										6Symbol_2		0.92		1.54		1.66		2.1		3.52

		8Symbol_1		0.74		1.04		1.08		1.39		5.15		0.3																				6Symbol_3		0.91		1.18		1.23		1.45		1.79

		8Symbol_2		0.74		1.14		1.19		1.38		1.81																						8Symbol_1		0.74		1.04		1.08		1.39		5.15

		8Symbol_3		0.74		0.99		1.03		1.2		1.46				1.04		1.29		1.33		1.5		1.76										8Symbol_2		0.74		1.14		1.19		1.38		1.81

		12Symbol_1		0.55		0.77		0.8		0.92		1.09		0.46																				8Symbol_3		0.74		0.99		1.03		1.2		1.46

		12Symbol_2		0.55		0.74		0.77		0.93		1.16																						12Symbol_1		0.55		0.77		0.8		0.92		1.09

		12Symbol_3		0.55		0.69		0.72		0.88		1.09				1.01		1.15		1.18		1.34		1.55										12Symbol_2		0.55		0.74		0.77		0.93		1.16

		15Symbol_1		0.47		0.73		0.77		0.94		1.22		0.58		1.05		1.31		1.35		1.52		1.8										12Symbol_3		0.55		0.69		0.72		0.88		1.09

		16Symbol_1		0.44		0.57		0.59		0.72		0.86		0.62		1.06		1.19		1.21		1.34		1.48										15Symbol_1		0.47		0.73		0.77		0.94		1.22

																																		16Symbol_1		0.44		0.57		0.59		0.72		0.86

		PA Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		0.92		1.17		1.41		1.58		1.93						0

		6Symbol_2		0.92		1.2		1.47		1.67		2.31

		6Symbol_3		0.92		1.09		1.2		1.3		1.62

		8Symbol_1		0.84		1.03		1.14		1.23		1.86		0.6

		8Symbol_2		0.84		1.06		1.22		1.32		1.6

		8Symbol_3		0.84		1.01		1.1		1.18		1.43

		12Symbol_1		0.84		1		1.07		1.13		1.29

		12Symbol_2		0.84		0.99		1.05		1.11		1.32				0

		12Symbol_3		0.84		0.96		1.01		1.07		1.26

		15Symbol_1		0.89		1.07		1.17		1.23		1.46

		16Symbol_1		0.92		1.03		1.06		1.11		1.26

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		1.14		1.69		1.78		2.01		2.81

		6Symbol_2		1.14		1.76		1.88		2.32		3.74

		6Symbol_3		1.13		1.4		1.45		1.67		2.01

		8Symbol_1		1.04		1.34		1.38		1.69		5.45

		8Symbol_2		1.04		1.44		1.49		1.68		2.11

		8Symbol_3		1.04		1.29		1.33		1.5		1.76

		12Symbol_1		1.01		1.23		1.26		1.38		1.55

		12Symbol_2		1.01		1.2		1.23		1.39		1.62

		12Symbol_3		1.01		1.15		1.18		1.34		1.55

		15Symbol_1		1.05		1.31		1.35		1.52		1.8

		16Symbol_1		1.06		1.19		1.21		1.34		1.48





TU6

		TU6 Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		1.6		1.81		2.06		2.35		2.91		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		1.6		1.84		2.12		2.44		3.22																						6Symbol_1		1.6		1.81		2.06		2.35		2.91

		6Symbol_3		1.6		1.76		1.9		2.1		2.66				1.82		1.98		2.12		2.32		2.88										6Symbol_2		1.6		1.84		2.12		2.44		3.22

		8Symbol_1		1.26		1.43		1.58		1.76		2.41		0.3																				6Symbol_3		1.6		1.76		1.9		2.1		2.66

		8Symbol_2		1.26		1.46		1.67		1.89		2.31																						8Symbol_1		1.26		1.43		1.58		1.76		2.41

		8Symbol_3		1.26		1.43		1.57		1.75		2.13				1.56		1.73		1.87		2.05		2.43										8Symbol_2		1.26		1.46		1.67		1.89		2.31

		12Symbol_1		0.93		1.09		1.21		1.36		1.65		0.46																				8Symbol_3		1.26		1.43		1.57		1.75		2.13

		12Symbol_2		0.93		1.08		1.18		1.32		1.64																						12Symbol_1		0.93		1.09		1.21		1.36		1.65

		12Symbol_3		0.93		1.05		1.14		1.27		1.58				1.39		1.51		1.6		1.73		2.04										12Symbol_2		0.93		1.08		1.18		1.32		1.64

		15Symbol_1		0.76		0.94		1.08		1.24		1.57		0.58		1.34		1.52		1.66		1.82		2.15										12Symbol_3		0.93		1.05		1.14		1.27		1.58

		16Symbol_1		0.74		0.86		0.93		1.05		1.3		0.62		1.36		1.48		1.55		1.67		1.92										15Symbol_1		0.76		0.94		1.08		1.24		1.57

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.74		0.86		0.93		1.05		1.3

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		2.03		2.62		2.94		3.55		5.32		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		2.03		2.68		3.04		3.79		6.04																						6Symbol_1		2.03		2.62		2.94		3.55		5.32

		6Symbol_3		2.03		2.37		2.58		3.18		5.03				2.25		2.59		2.8		3.4		5.25										6Symbol_2		2.03		2.68		3.04		3.79		6.04

		8Symbol_1		1.53		1.92		2.09		2.47		5.69		0.3																				6Symbol_3		2.03		2.37		2.58		3.18		5.03

		8Symbol_2		1.54		2.07		2.32		2.71		3.6																						8Symbol_1		1.53		1.92		2.09		2.47		5.69

		8Symbol_3		1.53		1.92		2.11		2.43		3.23				1.83		2.22		2.41		2.73		3.53										8Symbol_2		1.54		2.07		2.32		2.71		3.6

		12Symbol_1		1.12		1.46		1.61		1.87		2.29		0.46																				8Symbol_3		1.53		1.92		2.11		2.43		3.23

		12Symbol_2		1.12		1.4		1.53		1.78		2.2																						12Symbol_1		1.12		1.46		1.61		1.87		2.29

		12Symbol_3		1.11		1.34		1.45		1.69		2.09				1.57		1.8		1.91		2.15		2.55										12Symbol_2		1.12		1.4		1.53		1.78		2.2

		15Symbol_1		0.9		1.28		1.45		1.73		2.21		0.58		1.48		1.86		2.03		2.31		2.79										12Symbol_3		1.11		1.34		1.45		1.69		2.09

		16Symbol_1		0.88		1.1		1.2		1.39		1.7		0.62		1.5		1.72		1.82		2.01		2.32										15Symbol_1		0.9		1.28		1.45		1.73		2.21

																																		16Symbol_1		0.88		1.1		1.2		1.39		1.7

		TU6 Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		1.82		2.03		2.28		2.57		3.13						0

		6Symbol_2		1.82		2.06		2.34		2.66		3.44

		6Symbol_3		1.82		1.98		2.12		2.32		2.88		0

		8Symbol_1		1.56		1.73		1.88		2.06		2.71

		8Symbol_2		1.56		1.76		1.97		2.19		2.61

		8Symbol_3		1.56		1.73		1.87		2.05		2.43

		12Symbol_1		1.39		1.55		1.67		1.82		2.11

		12Symbol_2		1.39		1.54		1.64		1.78		2.1				0

		12Symbol_3		1.39		1.51		1.6		1.73		2.04

		15Symbol_1		1.34		1.52		1.66		1.82		2.15

		16Symbol_1		1.36		1.48		1.55		1.67		1.92

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		2.25		2.84		3.16		3.77		5.54

		6Symbol_2		2.25		2.9		3.26		4.01		6.26

		6Symbol_3		2.25		2.59		2.8		3.4		5.25

		8Symbol_1		1.83		2.22		2.39		2.77		5.99

		8Symbol_2		1.84		2.37		2.62		3.01		3.9

		8Symbol_3		1.83		2.22		2.41		2.73		3.53

		12Symbol_1		1.58		1.92		2.07		2.33		2.75

		12Symbol_2		1.58		1.86		1.99		2.24		2.66

		12Symbol_3		1.57		1.8		1.91		2.15		2.55

		15Symbol_1		1.48		1.86		2.03		2.31		2.79

		16Symbol_1		1.5		1.72		1.82		2.01		2.32





D











MBD010378EB.unknown



MBD0105942A.unknown




_1261209978.unknown

_1255253662.unknown

_1255175016.unknown

_1255250536.xls
Overhead

		N_DL_RB		N_DL_symb		control symbols even		commmon symbols in data region (even slots)		commmon symbols in data region (odd slots)		number of dedicated ref symbols in both slots		# of data symbolos		data region REs		REs available for data and dedicated ref symbols		REs available for data		DS overhead		DS overhead (dB)

		12		7		3		4		8		16		11		132		120		104		0.87		-0.62

		12		7		3		4		8		15		11		132		120		105		0.88		-0.58

		12		7		3		4		8		12		11		132		120		108		0.90		-0.46

		12		7		3		4		8		10		11		132		120		110		0.92		-0.38

		12		7		3		4		8		8		11		132		120		112		0.93		-0.30

		12		7		3		4		8		6		11		132		120		114		0.95		-0.22





PA

		PA Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		0.7		0.95		1.19		1.36		1.71		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.7		0.98		1.25		1.45		2.09																						6Symbol_1		0.7		0.95		1.19		1.36		1.71

		6Symbol_3		0.7		0.87		0.98		1.08		1.4				0.92		1.09		1.2		1.3		1.62										6Symbol_2		0.7		0.98		1.25		1.45		2.09

		8Symbol_1		0.54		0.73		0.84		0.93		1.56		0.3																				6Symbol_3		0.7		0.87		0.98		1.08		1.4

		8Symbol_2		0.54		0.76		0.92		1.02		1.3																						8Symbol_1		0.54		0.73		0.84		0.93		1.56

		8Symbol_3		0.54		0.71		0.8		0.88		1.13				0.84		1.01		1.1		1.18		1.43										8Symbol_2		0.54		0.76		0.92		1.02		1.3

		12Symbol_1		0.38		0.54		0.61		0.67		0.83		0.46																				8Symbol_3		0.54		0.71		0.8		0.88		1.13

		12Symbol_2		0.38		0.53		0.59		0.65		0.86																						12Symbol_1		0.38		0.54		0.61		0.67		0.83

		12Symbol_3		0.38		0.5		0.55		0.61		0.8				0.84		0.96		1.01		1.07		1.26										12Symbol_2		0.38		0.53		0.59		0.65		0.86

		15Symbol_1		0.31		0.49		0.59		0.65		0.88		0.58		0.89		1.07		1.17		1.23		1.46										12Symbol_3		0.38		0.5		0.55		0.61		0.8

		16Symbol_1		0.3		0.41		0.44		0.49		0.64		0.62		0.92		1.03		1.06		1.11		1.26										15Symbol_1		0.31		0.49		0.59		0.65		0.88

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.3		0.41		0.44		0.49		0.64

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		0.92		1.47		1.56		1.79		2.59		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.92		1.54		1.66		2.1		3.52																						6Symbol_1		0.92		1.47		1.56		1.79		2.59

		6Symbol_3		0.91		1.18		1.23		1.45		1.79				1.13		1.4		1.45		1.67		2.01										6Symbol_2		0.92		1.54		1.66		2.1		3.52

		8Symbol_1		0.74		1.04		1.08		1.39		5.15		0.3																				6Symbol_3		0.91		1.18		1.23		1.45		1.79

		8Symbol_2		0.74		1.14		1.19		1.38		1.81																						8Symbol_1		0.74		1.04		1.08		1.39		5.15

		8Symbol_3		0.74		0.99		1.03		1.2		1.46				1.04		1.29		1.33		1.5		1.76										8Symbol_2		0.74		1.14		1.19		1.38		1.81

		12Symbol_1		0.55		0.77		0.8		0.92		1.09		0.46																				8Symbol_3		0.74		0.99		1.03		1.2		1.46

		12Symbol_2		0.55		0.74		0.77		0.93		1.16																						12Symbol_1		0.55		0.77		0.8		0.92		1.09

		12Symbol_3		0.55		0.69		0.72		0.88		1.09				1.01		1.15		1.18		1.34		1.55										12Symbol_2		0.55		0.74		0.77		0.93		1.16

		15Symbol_1		0.47		0.73		0.77		0.94		1.22		0.58		1.05		1.31		1.35		1.52		1.8										12Symbol_3		0.55		0.69		0.72		0.88		1.09

		16Symbol_1		0.44		0.57		0.59		0.72		0.86		0.62		1.06		1.19		1.21		1.34		1.48										15Symbol_1		0.47		0.73		0.77		0.94		1.22

																																		16Symbol_1		0.44		0.57		0.59		0.72		0.86

		PA Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		0.92		1.17		1.41		1.58		1.93						0

		6Symbol_2		0.92		1.2		1.47		1.67		2.31

		6Symbol_3		0.92		1.09		1.2		1.3		1.62

		8Symbol_1		0.84		1.03		1.14		1.23		1.86		0.6

		8Symbol_2		0.84		1.06		1.22		1.32		1.6

		8Symbol_3		0.84		1.01		1.1		1.18		1.43

		12Symbol_1		0.84		1		1.07		1.13		1.29

		12Symbol_2		0.84		0.99		1.05		1.11		1.32				0

		12Symbol_3		0.84		0.96		1.01		1.07		1.26

		15Symbol_1		0.89		1.07		1.17		1.23		1.46

		16Symbol_1		0.92		1.03		1.06		1.11		1.26

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		1.14		1.69		1.78		2.01		2.81

		6Symbol_2		1.14		1.76		1.88		2.32		3.74

		6Symbol_3		1.13		1.4		1.45		1.67		2.01

		8Symbol_1		1.04		1.34		1.38		1.69		5.45

		8Symbol_2		1.04		1.44		1.49		1.68		2.11

		8Symbol_3		1.04		1.29		1.33		1.5		1.76

		12Symbol_1		1.01		1.23		1.26		1.38		1.55

		12Symbol_2		1.01		1.2		1.23		1.39		1.62

		12Symbol_3		1.01		1.15		1.18		1.34		1.55

		15Symbol_1		1.05		1.31		1.35		1.52		1.8

		16Symbol_1		1.06		1.19		1.21		1.34		1.48





TU6

		TU6 Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		1.6		1.81		2.06		2.35		2.91		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		1.6		1.84		2.12		2.44		3.22																						6Symbol_1		1.6		1.81		2.06		2.35		2.91

		6Symbol_3		1.6		1.76		1.9		2.1		2.66				1.82		1.98		2.12		2.32		2.88										6Symbol_2		1.6		1.84		2.12		2.44		3.22

		8Symbol_1		1.26		1.43		1.58		1.76		2.41		0.3																				6Symbol_3		1.6		1.76		1.9		2.1		2.66

		8Symbol_2		1.26		1.46		1.67		1.89		2.31																						8Symbol_1		1.26		1.43		1.58		1.76		2.41

		8Symbol_3		1.26		1.43		1.57		1.75		2.13				1.56		1.73		1.87		2.05		2.43										8Symbol_2		1.26		1.46		1.67		1.89		2.31

		12Symbol_1		0.93		1.09		1.21		1.36		1.65		0.46																				8Symbol_3		1.26		1.43		1.57		1.75		2.13

		12Symbol_2		0.93		1.08		1.18		1.32		1.64																						12Symbol_1		0.93		1.09		1.21		1.36		1.65

		12Symbol_3		0.93		1.05		1.14		1.27		1.58				1.39		1.51		1.6		1.73		2.04										12Symbol_2		0.93		1.08		1.18		1.32		1.64

		15Symbol_1		0.76		0.94		1.08		1.24		1.57		0.58		1.34		1.52		1.66		1.82		2.15										12Symbol_3		0.93		1.05		1.14		1.27		1.58

		16Symbol_1		0.74		0.86		0.93		1.05		1.3		0.62		1.36		1.48		1.55		1.67		1.92										15Symbol_1		0.76		0.94		1.08		1.24		1.57

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.74		0.86		0.93		1.05		1.3

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		2.03		2.62		2.94		3.55		5.32		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		2.03		2.68		3.04		3.79		6.04																						6Symbol_1		2.03		2.62		2.94		3.55		5.32

		6Symbol_3		2.03		2.37		2.58		3.18		5.03				2.25		2.59		2.8		3.4		5.25										6Symbol_2		2.03		2.68		3.04		3.79		6.04

		8Symbol_1		1.53		1.92		2.09		2.47		5.69		0.3																				6Symbol_3		2.03		2.37		2.58		3.18		5.03

		8Symbol_2		1.54		2.07		2.32		2.71		3.6																						8Symbol_1		1.53		1.92		2.09		2.47		5.69

		8Symbol_3		1.53		1.92		2.11		2.43		3.23				1.83		2.22		2.41		2.73		3.53										8Symbol_2		1.54		2.07		2.32		2.71		3.6

		12Symbol_1		1.12		1.46		1.61		1.87		2.29		0.46																				8Symbol_3		1.53		1.92		2.11		2.43		3.23

		12Symbol_2		1.12		1.4		1.53		1.78		2.2																						12Symbol_1		1.12		1.46		1.61		1.87		2.29

		12Symbol_3		1.11		1.34		1.45		1.69		2.09				1.57		1.8		1.91		2.15		2.55										12Symbol_2		1.12		1.4		1.53		1.78		2.2

		15Symbol_1		0.9		1.28		1.45		1.73		2.21		0.58		1.48		1.86		2.03		2.31		2.79										12Symbol_3		1.11		1.34		1.45		1.69		2.09

		16Symbol_1		0.88		1.1		1.2		1.39		1.7		0.62		1.5		1.72		1.82		2.01		2.32										15Symbol_1		0.9		1.28		1.45		1.73		2.21

																																		16Symbol_1		0.88		1.1		1.2		1.39		1.7

		TU6 Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		1.82		2.03		2.28		2.57		3.13						0

		6Symbol_2		1.82		2.06		2.34		2.66		3.44

		6Symbol_3		1.82		1.98		2.12		2.32		2.88		0

		8Symbol_1		1.56		1.73		1.88		2.06		2.71

		8Symbol_2		1.56		1.76		1.97		2.19		2.61

		8Symbol_3		1.56		1.73		1.87		2.05		2.43

		12Symbol_1		1.39		1.55		1.67		1.82		2.11

		12Symbol_2		1.39		1.54		1.64		1.78		2.1				0

		12Symbol_3		1.39		1.51		1.6		1.73		2.04

		15Symbol_1		1.34		1.52		1.66		1.82		2.15

		16Symbol_1		1.36		1.48		1.55		1.67		1.92

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		2.25		2.84		3.16		3.77		5.54

		6Symbol_2		2.25		2.9		3.26		4.01		6.26

		6Symbol_3		2.25		2.59		2.8		3.4		5.25

		8Symbol_1		1.83		2.22		2.39		2.77		5.99

		8Symbol_2		1.84		2.37		2.62		3.01		3.9

		8Symbol_3		1.83		2.22		2.41		2.73		3.53

		12Symbol_1		1.58		1.92		2.07		2.33		2.75

		12Symbol_2		1.58		1.86		1.99		2.24		2.66

		12Symbol_3		1.57		1.8		1.91		2.15		2.55

		15Symbol_1		1.48		1.86		2.03		2.31		2.79

		16Symbol_1		1.5		1.72		1.82		2.01		2.32





D
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_1255250777.xls
Overhead

		N_DL_RB		N_DL_symb		control symbols even		commmon symbols in data region (even slots)		commmon symbols in data region (odd slots)		number of dedicated ref symbols in both slots		# of data symbolos		data region REs		REs available for data and dedicated ref symbols		REs available for data		DS overhead		DS overhead (dB)

		12		7		3		4		8		16		11		132		120		104		0.87		-0.62

		12		7		3		4		8		15		11		132		120		105		0.88		-0.58

		12		7		3		4		8		12		11		132		120		108		0.90		-0.46

		12		7		3		4		8		10		11		132		120		110		0.92		-0.38

		12		7		3		4		8		8		11		132		120		112		0.93		-0.30

		12		7		3		4		8		6		11		132		120		114		0.95		-0.22





PA

		PA Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		0.7		0.95		1.19		1.36		1.71		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.7		0.98		1.25		1.45		2.09																						6Symbol_1		0.7		0.95		1.19		1.36		1.71

		6Symbol_3		0.7		0.87		0.98		1.08		1.4				0.92		1.09		1.2		1.3		1.62										6Symbol_2		0.7		0.98		1.25		1.45		2.09

		8Symbol_1		0.54		0.73		0.84		0.93		1.56		0.3																				6Symbol_3		0.7		0.87		0.98		1.08		1.4

		8Symbol_2		0.54		0.76		0.92		1.02		1.3																						8Symbol_1		0.54		0.73		0.84		0.93		1.56

		8Symbol_3		0.54		0.71		0.8		0.88		1.13				0.84		1.01		1.1		1.18		1.43										8Symbol_2		0.54		0.76		0.92		1.02		1.3

		12Symbol_1		0.38		0.54		0.61		0.67		0.83		0.46																				8Symbol_3		0.54		0.71		0.8		0.88		1.13

		12Symbol_2		0.38		0.53		0.59		0.65		0.86																						12Symbol_1		0.38		0.54		0.61		0.67		0.83

		12Symbol_3		0.38		0.5		0.55		0.61		0.8				0.84		0.96		1.01		1.07		1.26										12Symbol_2		0.38		0.53		0.59		0.65		0.86

		15Symbol_1		0.31		0.49		0.59		0.65		0.88		0.58		0.89		1.07		1.17		1.23		1.46										12Symbol_3		0.38		0.5		0.55		0.61		0.8

		16Symbol_1		0.3		0.41		0.44		0.49		0.64		0.62		0.92		1.03		1.06		1.11		1.26										15Symbol_1		0.31		0.49		0.59		0.65		0.88

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.3		0.41		0.44		0.49		0.64

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		0.92		1.47		1.56		1.79		2.59		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.92		1.54		1.66		2.1		3.52																						6Symbol_1		0.92		1.47		1.56		1.79		2.59

		6Symbol_3		0.91		1.18		1.23		1.45		1.79				1.13		1.4		1.45		1.67		2.01										6Symbol_2		0.92		1.54		1.66		2.1		3.52

		8Symbol_1		0.74		1.04		1.08		1.39		5.15		0.3																				6Symbol_3		0.91		1.18		1.23		1.45		1.79

		8Symbol_2		0.74		1.14		1.19		1.38		1.81																						8Symbol_1		0.74		1.04		1.08		1.39		5.15

		8Symbol_3		0.74		0.99		1.03		1.2		1.46				1.04		1.29		1.33		1.5		1.76										8Symbol_2		0.74		1.14		1.19		1.38		1.81

		12Symbol_1		0.55		0.77		0.8		0.92		1.09		0.46																				8Symbol_3		0.74		0.99		1.03		1.2		1.46

		12Symbol_2		0.55		0.74		0.77		0.93		1.16																						12Symbol_1		0.55		0.77		0.8		0.92		1.09

		12Symbol_3		0.55		0.69		0.72		0.88		1.09				1.01		1.15		1.18		1.34		1.55										12Symbol_2		0.55		0.74		0.77		0.93		1.16

		15Symbol_1		0.47		0.73		0.77		0.94		1.22		0.58		1.05		1.31		1.35		1.52		1.8										12Symbol_3		0.55		0.69		0.72		0.88		1.09

		16Symbol_1		0.44		0.57		0.59		0.72		0.86		0.62		1.06		1.19		1.21		1.34		1.48										15Symbol_1		0.47		0.73		0.77		0.94		1.22

																																		16Symbol_1		0.44		0.57		0.59		0.72		0.86

		PA Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		0.92		1.17		1.41		1.58		1.93						0

		6Symbol_2		0.92		1.2		1.47		1.67		2.31

		6Symbol_3		0.92		1.09		1.2		1.3		1.62

		8Symbol_1		0.84		1.03		1.14		1.23		1.86		0.6

		8Symbol_2		0.84		1.06		1.22		1.32		1.6

		8Symbol_3		0.84		1.01		1.1		1.18		1.43

		12Symbol_1		0.84		1		1.07		1.13		1.29

		12Symbol_2		0.84		0.99		1.05		1.11		1.32				0

		12Symbol_3		0.84		0.96		1.01		1.07		1.26

		15Symbol_1		0.89		1.07		1.17		1.23		1.46

		16Symbol_1		0.92		1.03		1.06		1.11		1.26

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		1.14		1.69		1.78		2.01		2.81

		6Symbol_2		1.14		1.76		1.88		2.32		3.74

		6Symbol_3		1.13		1.4		1.45		1.67		2.01

		8Symbol_1		1.04		1.34		1.38		1.69		5.45

		8Symbol_2		1.04		1.44		1.49		1.68		2.11

		8Symbol_3		1.04		1.29		1.33		1.5		1.76

		12Symbol_1		1.01		1.23		1.26		1.38		1.55

		12Symbol_2		1.01		1.2		1.23		1.39		1.62

		12Symbol_3		1.01		1.15		1.18		1.34		1.55

		15Symbol_1		1.05		1.31		1.35		1.52		1.8

		16Symbol_1		1.06		1.19		1.21		1.34		1.48





TU6

		TU6 Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		1.6		1.81		2.06		2.35		2.91		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		1.6		1.84		2.12		2.44		3.22																						6Symbol_1		1.6		1.81		2.06		2.35		2.91

		6Symbol_3		1.6		1.76		1.9		2.1		2.66				1.82		1.98		2.12		2.32		2.88										6Symbol_2		1.6		1.84		2.12		2.44		3.22

		8Symbol_1		1.26		1.43		1.58		1.76		2.41		0.3																				6Symbol_3		1.6		1.76		1.9		2.1		2.66

		8Symbol_2		1.26		1.46		1.67		1.89		2.31																						8Symbol_1		1.26		1.43		1.58		1.76		2.41

		8Symbol_3		1.26		1.43		1.57		1.75		2.13				1.56		1.73		1.87		2.05		2.43										8Symbol_2		1.26		1.46		1.67		1.89		2.31

		12Symbol_1		0.93		1.09		1.21		1.36		1.65		0.46																				8Symbol_3		1.26		1.43		1.57		1.75		2.13

		12Symbol_2		0.93		1.08		1.18		1.32		1.64																						12Symbol_1		0.93		1.09		1.21		1.36		1.65

		12Symbol_3		0.93		1.05		1.14		1.27		1.58				1.39		1.51		1.6		1.73		2.04										12Symbol_2		0.93		1.08		1.18		1.32		1.64

		15Symbol_1		0.76		0.94		1.08		1.24		1.57		0.58		1.34		1.52		1.66		1.82		2.15										12Symbol_3		0.93		1.05		1.14		1.27		1.58

		16Symbol_1		0.74		0.86		0.93		1.05		1.3		0.62		1.36		1.48		1.55		1.67		1.92										15Symbol_1		0.76		0.94		1.08		1.24		1.57

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.74		0.86		0.93		1.05		1.3

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		2.03		2.62		2.94		3.55		5.32		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		2.03		2.68		3.04		3.79		6.04																						6Symbol_1		2.03		2.62		2.94		3.55		5.32

		6Symbol_3		2.03		2.37		2.58		3.18		5.03				2.25		2.59		2.8		3.4		5.25										6Symbol_2		2.03		2.68		3.04		3.79		6.04

		8Symbol_1		1.53		1.92		2.09		2.47		5.69		0.3																				6Symbol_3		2.03		2.37		2.58		3.18		5.03

		8Symbol_2		1.54		2.07		2.32		2.71		3.6																						8Symbol_1		1.53		1.92		2.09		2.47		5.69

		8Symbol_3		1.53		1.92		2.11		2.43		3.23				1.83		2.22		2.41		2.73		3.53										8Symbol_2		1.54		2.07		2.32		2.71		3.6

		12Symbol_1		1.12		1.46		1.61		1.87		2.29		0.46																				8Symbol_3		1.53		1.92		2.11		2.43		3.23

		12Symbol_2		1.12		1.4		1.53		1.78		2.2																						12Symbol_1		1.12		1.46		1.61		1.87		2.29

		12Symbol_3		1.11		1.34		1.45		1.69		2.09				1.57		1.8		1.91		2.15		2.55										12Symbol_2		1.12		1.4		1.53		1.78		2.2

		15Symbol_1		0.9		1.28		1.45		1.73		2.21		0.58		1.48		1.86		2.03		2.31		2.79										12Symbol_3		1.11		1.34		1.45		1.69		2.09

		16Symbol_1		0.88		1.1		1.2		1.39		1.7		0.62		1.5		1.72		1.82		2.01		2.32										15Symbol_1		0.9		1.28		1.45		1.73		2.21

																																		16Symbol_1		0.88		1.1		1.2		1.39		1.7

		TU6 Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		1.82		2.03		2.28		2.57		3.13						0

		6Symbol_2		1.82		2.06		2.34		2.66		3.44

		6Symbol_3		1.82		1.98		2.12		2.32		2.88		0

		8Symbol_1		1.56		1.73		1.88		2.06		2.71

		8Symbol_2		1.56		1.76		1.97		2.19		2.61

		8Symbol_3		1.56		1.73		1.87		2.05		2.43

		12Symbol_1		1.39		1.55		1.67		1.82		2.11

		12Symbol_2		1.39		1.54		1.64		1.78		2.1				0

		12Symbol_3		1.39		1.51		1.6		1.73		2.04

		15Symbol_1		1.34		1.52		1.66		1.82		2.15

		16Symbol_1		1.36		1.48		1.55		1.67		1.92

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		2.25		2.84		3.16		3.77		5.54

		6Symbol_2		2.25		2.9		3.26		4.01		6.26

		6Symbol_3		2.25		2.59		2.8		3.4		5.25

		8Symbol_1		1.83		2.22		2.39		2.77		5.99

		8Symbol_2		1.84		2.37		2.62		3.01		3.9

		8Symbol_3		1.83		2.22		2.41		2.73		3.53

		12Symbol_1		1.58		1.92		2.07		2.33		2.75

		12Symbol_2		1.58		1.86		1.99		2.24		2.66

		12Symbol_3		1.57		1.8		1.91		2.15		2.55

		15Symbol_1		1.48		1.86		2.03		2.31		2.79

		16Symbol_1		1.5		1.72		1.82		2.01		2.32





D
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MBD010378EB.unknown



MBD0105942A.unknown




_1255250814.xls
Overhead

		N_DL_RB		N_DL_symb		control symbols even		commmon symbols in data region (even slots)		commmon symbols in data region (odd slots)		number of dedicated ref symbols in both slots		# of data symbolos		data region REs		REs available for data and dedicated ref symbols		REs available for data		DS overhead		DS overhead (dB)

		12		7		3		4		8		16		11		132		120		104		0.87		-0.62

		12		7		3		4		8		15		11		132		120		105		0.88		-0.58

		12		7		3		4		8		12		11		132		120		108		0.90		-0.46

		12		7		3		4		8		10		11		132		120		110		0.92		-0.38

		12		7		3		4		8		8		11		132		120		112		0.93		-0.30

		12		7		3		4		8		6		11		132		120		114		0.95		-0.22





PA

		PA Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		0.7		0.95		1.19		1.36		1.71		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.7		0.98		1.25		1.45		2.09																						6Symbol_1		0.7		0.95		1.19		1.36		1.71

		6Symbol_3		0.7		0.87		0.98		1.08		1.4				0.92		1.09		1.2		1.3		1.62										6Symbol_2		0.7		0.98		1.25		1.45		2.09

		8Symbol_1		0.54		0.73		0.84		0.93		1.56		0.3																				6Symbol_3		0.7		0.87		0.98		1.08		1.4

		8Symbol_2		0.54		0.76		0.92		1.02		1.3																						8Symbol_1		0.54		0.73		0.84		0.93		1.56

		8Symbol_3		0.54		0.71		0.8		0.88		1.13				0.84		1.01		1.1		1.18		1.43										8Symbol_2		0.54		0.76		0.92		1.02		1.3

		12Symbol_1		0.38		0.54		0.61		0.67		0.83		0.46																				8Symbol_3		0.54		0.71		0.8		0.88		1.13

		12Symbol_2		0.38		0.53		0.59		0.65		0.86																						12Symbol_1		0.38		0.54		0.61		0.67		0.83

		12Symbol_3		0.38		0.5		0.55		0.61		0.8				0.84		0.96		1.01		1.07		1.26										12Symbol_2		0.38		0.53		0.59		0.65		0.86

		15Symbol_1		0.31		0.49		0.59		0.65		0.88		0.58		0.89		1.07		1.17		1.23		1.46										12Symbol_3		0.38		0.5		0.55		0.61		0.8

		16Symbol_1		0.3		0.41		0.44		0.49		0.64		0.62		0.92		1.03		1.06		1.11		1.26										15Symbol_1		0.31		0.49		0.59		0.65		0.88

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.3		0.41		0.44		0.49		0.64

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		0.92		1.47		1.56		1.79		2.59		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		0.92		1.54		1.66		2.1		3.52																						6Symbol_1		0.92		1.47		1.56		1.79		2.59

		6Symbol_3		0.91		1.18		1.23		1.45		1.79				1.13		1.4		1.45		1.67		2.01										6Symbol_2		0.92		1.54		1.66		2.1		3.52

		8Symbol_1		0.74		1.04		1.08		1.39		5.15		0.3																				6Symbol_3		0.91		1.18		1.23		1.45		1.79

		8Symbol_2		0.74		1.14		1.19		1.38		1.81																						8Symbol_1		0.74		1.04		1.08		1.39		5.15

		8Symbol_3		0.74		0.99		1.03		1.2		1.46				1.04		1.29		1.33		1.5		1.76										8Symbol_2		0.74		1.14		1.19		1.38		1.81

		12Symbol_1		0.55		0.77		0.8		0.92		1.09		0.46																				8Symbol_3		0.74		0.99		1.03		1.2		1.46

		12Symbol_2		0.55		0.74		0.77		0.93		1.16																						12Symbol_1		0.55		0.77		0.8		0.92		1.09

		12Symbol_3		0.55		0.69		0.72		0.88		1.09				1.01		1.15		1.18		1.34		1.55										12Symbol_2		0.55		0.74		0.77		0.93		1.16

		15Symbol_1		0.47		0.73		0.77		0.94		1.22		0.58		1.05		1.31		1.35		1.52		1.8										12Symbol_3		0.55		0.69		0.72		0.88		1.09

		16Symbol_1		0.44		0.57		0.59		0.72		0.86		0.62		1.06		1.19		1.21		1.34		1.48										15Symbol_1		0.47		0.73		0.77		0.94		1.22

																																		16Symbol_1		0.44		0.57		0.59		0.72		0.86

		PA Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		0.92		1.17		1.41		1.58		1.93						0

		6Symbol_2		0.92		1.2		1.47		1.67		2.31

		6Symbol_3		0.92		1.09		1.2		1.3		1.62

		8Symbol_1		0.84		1.03		1.14		1.23		1.86		0.6

		8Symbol_2		0.84		1.06		1.22		1.32		1.6

		8Symbol_3		0.84		1.01		1.1		1.18		1.43

		12Symbol_1		0.84		1		1.07		1.13		1.29

		12Symbol_2		0.84		0.99		1.05		1.11		1.32				0

		12Symbol_3		0.84		0.96		1.01		1.07		1.26

		15Symbol_1		0.89		1.07		1.17		1.23		1.46

		16Symbol_1		0.92		1.03		1.06		1.11		1.26

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		1.14		1.69		1.78		2.01		2.81

		6Symbol_2		1.14		1.76		1.88		2.32		3.74

		6Symbol_3		1.13		1.4		1.45		1.67		2.01

		8Symbol_1		1.04		1.34		1.38		1.69		5.45

		8Symbol_2		1.04		1.44		1.49		1.68		2.11

		8Symbol_3		1.04		1.29		1.33		1.5		1.76

		12Symbol_1		1.01		1.23		1.26		1.38		1.55

		12Symbol_2		1.01		1.2		1.23		1.39		1.62

		12Symbol_3		1.01		1.15		1.18		1.34		1.55

		15Symbol_1		1.05		1.31		1.35		1.52		1.8

		16Symbol_1		1.06		1.19		1.21		1.34		1.48





TU6

		TU6 Channel

		SNR Degradation Due to Channel Estimation  (dB)												Overhead (dB)

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=15.0d		B

		6Symbol_1		1.6		1.81		2.06		2.35		2.91		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		1.6		1.84		2.12		2.44		3.22																						6Symbol_1		1.6		1.81		2.06		2.35		2.91

		6Symbol_3		1.6		1.76		1.9		2.1		2.66				1.82		1.98		2.12		2.32		2.88										6Symbol_2		1.6		1.84		2.12		2.44		3.22

		8Symbol_1		1.26		1.43		1.58		1.76		2.41		0.3																				6Symbol_3		1.6		1.76		1.9		2.1		2.66

		8Symbol_2		1.26		1.46		1.67		1.89		2.31																						8Symbol_1		1.26		1.43		1.58		1.76		2.41

		8Symbol_3		1.26		1.43		1.57		1.75		2.13				1.56		1.73		1.87		2.05		2.43										8Symbol_2		1.26		1.46		1.67		1.89		2.31

		12Symbol_1		0.93		1.09		1.21		1.36		1.65		0.46																				8Symbol_3		1.26		1.43		1.57		1.75		2.13

		12Symbol_2		0.93		1.08		1.18		1.32		1.64																						12Symbol_1		0.93		1.09		1.21		1.36		1.65

		12Symbol_3		0.93		1.05		1.14		1.27		1.58				1.39		1.51		1.6		1.73		2.04										12Symbol_2		0.93		1.08		1.18		1.32		1.64

		15Symbol_1		0.76		0.94		1.08		1.24		1.57		0.58		1.34		1.52		1.66		1.82		2.15										12Symbol_3		0.93		1.05		1.14		1.27		1.58

		16Symbol_1		0.74		0.86		0.93		1.05		1.3		0.62		1.36		1.48		1.55		1.67		1.92										15Symbol_1		0.76		0.94		1.08		1.24		1.57

		Es/No(dB)=25.0dB												Overhead (dB)																				16Symbol_1		0.74		0.86		0.93		1.05		1.3

		Pattern		v (kmph)

				3		30		60		120		250																						Es/No(dB)=25.0d		B

		6Symbol_1		2.03		2.62		2.94		3.55		5.32		0.22																				v(kmph)		3		30		60		120		250

		6Symbol_2		2.03		2.68		3.04		3.79		6.04																						6Symbol_1		2.03		2.62		2.94		3.55		5.32

		6Symbol_3		2.03		2.37		2.58		3.18		5.03				2.25		2.59		2.8		3.4		5.25										6Symbol_2		2.03		2.68		3.04		3.79		6.04

		8Symbol_1		1.53		1.92		2.09		2.47		5.69		0.3																				6Symbol_3		2.03		2.37		2.58		3.18		5.03

		8Symbol_2		1.54		2.07		2.32		2.71		3.6																						8Symbol_1		1.53		1.92		2.09		2.47		5.69

		8Symbol_3		1.53		1.92		2.11		2.43		3.23				1.83		2.22		2.41		2.73		3.53										8Symbol_2		1.54		2.07		2.32		2.71		3.6

		12Symbol_1		1.12		1.46		1.61		1.87		2.29		0.46																				8Symbol_3		1.53		1.92		2.11		2.43		3.23

		12Symbol_2		1.12		1.4		1.53		1.78		2.2																						12Symbol_1		1.12		1.46		1.61		1.87		2.29

		12Symbol_3		1.11		1.34		1.45		1.69		2.09				1.57		1.8		1.91		2.15		2.55										12Symbol_2		1.12		1.4		1.53		1.78		2.2

		15Symbol_1		0.9		1.28		1.45		1.73		2.21		0.58		1.48		1.86		2.03		2.31		2.79										12Symbol_3		1.11		1.34		1.45		1.69		2.09

		16Symbol_1		0.88		1.1		1.2		1.39		1.7		0.62		1.5		1.72		1.82		2.01		2.32										15Symbol_1		0.9		1.28		1.45		1.73		2.21

																																		16Symbol_1		0.88		1.1		1.2		1.39		1.7

		TU6 Channel

		SNR Degradation + Overhead (dB)																0		0		0		0		0

		Es/No(dB)=15.0dB

		Pattern		v (kmph)

				3		30		60		120		250						0

		6Symbol_1		1.82		2.03		2.28		2.57		3.13						0

		6Symbol_2		1.82		2.06		2.34		2.66		3.44

		6Symbol_3		1.82		1.98		2.12		2.32		2.88		0

		8Symbol_1		1.56		1.73		1.88		2.06		2.71

		8Symbol_2		1.56		1.76		1.97		2.19		2.61

		8Symbol_3		1.56		1.73		1.87		2.05		2.43

		12Symbol_1		1.39		1.55		1.67		1.82		2.11

		12Symbol_2		1.39		1.54		1.64		1.78		2.1				0

		12Symbol_3		1.39		1.51		1.6		1.73		2.04

		15Symbol_1		1.34		1.52		1.66		1.82		2.15

		16Symbol_1		1.36		1.48		1.55		1.67		1.92

		Es/No(dB)=25.0dB

		Pattern		v (kmph)

				3		30		60		120		250

		6Symbol_1		2.25		2.84		3.16		3.77		5.54

		6Symbol_2		2.25		2.9		3.26		4.01		6.26

		6Symbol_3		2.25		2.59		2.8		3.4		5.25

		8Symbol_1		1.83		2.22		2.39		2.77		5.99

		8Symbol_2		1.84		2.37		2.62		3.01		3.9

		8Symbol_3		1.83		2.22		2.41		2.73		3.53

		12Symbol_1		1.58		1.92		2.07		2.33		2.75

		12Symbol_2		1.58		1.86		1.99		2.24		2.66

		12Symbol_3		1.57		1.8		1.91		2.15		2.55

		15Symbol_1		1.48		1.86		2.03		2.31		2.79

		16Symbol_1		1.5		1.72		1.82		2.01		2.32
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MBD010378EB.unknown
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