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Interleaver proposal for RED HOT / HUGE
1 Introduction

MCSs designs for both RED HOT A and HUGE A have been shown on RED HOT / HUGE telephone conferences between GERAN#33 and GERAN#34 and in GERAN#34, see ‎[1], ‎[3]

 REF _Ref169319011 \r \h 
‎, [4] and ‎[5]. No detailed puncturing schemes or channel interleavers have yet been decided for the new MCSs. At GERAN#34 a generic channel interleaver was proposed, see ‎[6].
This document is an update of ‎[6] where some modifications are made to the generic interleaver proposals and simulation results are shown. Only level A of both RED HOT and HUGE have been evaluated but the interleaver would also be applicable to level B of both WIs with small modifications to the currently proposed MCS design, ‎[4] and ‎[5], 
The naming convention used in the document corresponds to the ones used in the references documents above.
2 Interleaver requirements

An interleaver is used to even out the information quality in a code word. Error correcting codes typically perform better when bit qualities are as evenly spread out as possible. To even out the quality in a code word from an EDGE radio block, several aspects should be taken into account:

1. Spreading the bits between the bursts
Different bursts will typically have different channel qualities (due to fading and frequency hopping).
2. Spreading the bits within a burst 
The raw BER, in general, will be lower the closer the bit is to the training sequence (due to channel variations during the burst, especially at high speeds). 
3. Spreading the bit-positions within a symbol
For a certain modulation the bit positions within the burst usually have different raw BER (different decision regions) and it is thus important to spread weak and strong bit positions in the de-interleaved code word.
3 Interleaver description
To simplify the understanding of the proposed interleaver formulas, a few notations should be known. The k:th input data bit is interleaved to the j:th bit of the B:th burst.
In the following 
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Table 1. Interleaver parameters.
	Parameter
	Value
	Description

	N
	-
	Total number of bits

	k
	0 – (N-1)
	Input data bit

	j
	-
	Output data bit

	b
	1-4
	Number of bursts in the radio block over which the code word is interleaved

	B
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	Burst number.

	n
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	Bit number within burst

	m
	
	Number of bits per modulation symbol

	L
	N/m
	Number of symbols per block

	a
	-
	Parameter with impact on the interleaver structure. Must not have a common factor with L/4.

	
	
	


3.1 Symbol interleaver
In the following formula it is assumed that the number of interleaved bits per burst is an even number of modulated symbols and that the BER of the different bit positions within a modulation symbol differs. The latter is true for many modulations (e.g., 8PSK, 16QAM and 32QAM). However, bit-swapping could make bit positions within a code word equally strong.
The following formula takes the requirements in Section ‎2 into account:
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It is seen that the formula is dependent on the parameter a, which will interleave the symbols within the bursts differently. The optimal value of a should be evaluated by simulations for each interleaver. The possible values of a will be limited to a=[0,L], where the chosen value of a must not have a common factor with L/b.
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 in (1) will spread the bits within the symbol. The term needs to be modified if the strong and weak bits of a modulation symbols is not evenly distributed. The modulation this applies to for RED HOT and HUGE is the currently chosen bit-to-symbol mapping of 16QAM, ‎[2], where two strong bits positions is followed by two weak bit positions, ssww. Thus, instead of using 1,2,3,4,1,2,3,4,... the bits needs to be spread 1,3,2,4,1,3,2,4….. , which is achieved by 
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. Thus, for 16QAM (1) needs to be modified to:
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3.2 Bit interleaver
If the bits in a code word are equally strong in terms of bit position within a symbol the formula in the previous section could be simplified since modulation symbols no longer needs to be taken into account. A situation where the formula applies is for example when bit-swapping has been applied to swap all bits in the interleaved word to strong bit positions:
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Also this formula is dependent on a, which needs to be optimized with simulations. The values of a will be limited to a=[0,N/b], where the chosen value of a must not have a common factor with N/b.
4 Interleaving of RED HOT A and HUGE A
The currently proposed set of MCS for RED HOT A, ‎[1], and HUGE A, ‎[3], has been designed with the above formulas.
The data interleaver has been using the symbol interleaver since the data is spread over all bit positions of the respective modulation symbols; see Figure 1 for burst format of RED HOT A for 16QAM.

The headers for all HOM MCSs (16QAM and 32QAM) will use bit-swapping to put header bits on only strong bit positions, see Figure 1, thus the bit interleaver can be used.
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Figure 1. Burst format for 16QAM, RED HOT A, without bit-swapping (top) and with bit-swapping applied (bottom).
4.1 Values of parameter a

As described in Section ‎3 the possible values of parameter a is a limited set of numbers. The set for RED HOT A and HUGE A for the different interleavers is shown below.
It should be noted that the performance of the data interleaver for RED HOT will be dependent on the puncturing chosen for each MCS since the systematic bits from the turbo encoder will be more important than the parity bits. Thus, the interleaver and puncturing design for RED HOT is coupled. The data interleaving for RED HOT is thus left FFS until the puncturing patterns have been defined.
4.1.1 RED HOT A

Table 2. Possible values of parameter a to be evaluated by simulations for RED HOT A.
	MCSs
	Data interleaver
	Header interleaver

	HTCS-4-A, HTCS-5-A
	3,5,7,9,11,15,17,19,21,23,

25,27,29,31,33,35,37,41,43,45,

47,49,51,53,55,57,59,61,63,67,

69,71,73,75,77,79,81,83,85,87,

89,93,95,97,99,101,103
	3,5,7,9,11,13,15,19,

21,23,25,27,29,31,33

	HTCS-6-A
	3,5,7,9,11,13,15,17,19,21,23,

25,27,29,31,33,35,37,39,41,43,

45,47,49,51,55,57,59,61,63,65,

67,69,71,73,75,77,79,81,83,85,

87,89,91,93,95,97,99,101,103,105
	2,4,5,7,8,10,13,14,16,17,

19,20,23,25,26,28,29,31,32

	HTCS-7-A
	2,4,8,11,13,16,17,19,22,23,

26,29,31,32,34,37,38,41,43,44,

46,47,52,53,58,59,61,62,64,67,

68,71,73,74,76,79,82,83,86,88,

89,92,94,97,101,103,104
	3,5,7,9,11,13,15,17,21,23,

25,27,29,31,33,35,37



	HTCS-8-A*
	3,9,11,13,17,19,23,27,29,31,

33,37,39,41,43,47,51,53,57,59,

61,67,69


	Same a values as for HTCS-7-A since the header for HTCS-8-A is also interleaved over 4 bursts.


‘ Note that HTCS-8-A is only interleaved over two bursts, but in the interleaver formula, the burst interleaving depth is set to 1.
4.1.2 HUGE

Table 3. Possible values of parameter a to be evaluated by simulations for HUGE A.

	MCSs
	Data interleaver
	Header interleaver

	HCS-1/2/3-A
	2,3,4,5,6,7,8,9,10,11,

12,13,14,15,16,17,18,19,20,21,

22,23,24,25,26,27,28,29,30,31,

32,33,34,35,36,37,38,39,40,41,

42,43,44,45,46,47,48,49,50,51,

52,53,54,55,56,57,58,59,60,61,

62,63,64,65,66,67,68,69,70,71,

72,73,74,75,76,77,78,79,80,81,

82,83,84,85,86,87,88,89,90,91,

92,93,94,95,96,97,98,99,100,

101,102,103,104,105,106


	3, 5, 7, 9, 11, 13, 15, 19, 

21, 23, 25, 27, 29, 31, 33

	HCS-4-A
	2,4,8,11,13,16,17,19,22,23,

26,29,31,32,34,37,38,41,43,44,

46,47,52,53,58,59,61,62,64,67,

68,71,73,74,76,79,82,83,86,88,

89,92,94,97,101,103,104


	5,11,13,17,19,23,25,29,

31,37,41

	HCS-5-A*
	3,9,11,13,17,19,23,27,29,31,

33,37,39,41,43,47,51,53,57,59,

61,67,69,71,73,79,81,83,87,89,

93,97,99,101,103,107,109,111,113,117,

121,123,127,129,131,137,139

	Same a values as for HCS-4-A since the header for HCS-5-A is also interleaved over 4 bursts.


‘ Note that HCS-5-A is only interleaved over two bursts, but in the interleaver formula, the burst interleaving depth is set to 1.
5 Results
5.1 Simulation evaluations
The interleaver mappings have been evaluated in three different scenarios in order to evaluate the formula in different diversity and channel quality conditions:
1. TU3iFH – Evaluates the spreading of the bits between the bursts, since the channel qualities will be uncorrelated between the bursts.
2. TU3nFH – Evaluates the impact of having minimal diversity between the bursts.
3. HT100nFH – Evaluates the spreading of bits within a burst since the high speed will cause noticeable degradation of the channel estimate the longer from the training sequence a bit is placed.
The working point of the MCSs is assumed to approximately be between 1-10 % header BLER depending on the service and if IR is used or not. Thus, the target BLER where the simulations have been evaluated is 5 % for header BLER and 10 % for data BLER. 
In each scenario, a C/I degradation is measured for each a compared to the optimal a for that scenario. The mean degradation is calculated from the three scenarios and a suitable a is chosen.
5.2 Simulation assumptions

Table 4. Simulator assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Hilly Terrain (HT)

	Terminal speed
	3 km/h (TU)

100 km/h (HT)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

no (TU, HT)

	Interference/noise
	Co-channel

	Antenna diversity
	No

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Linearized GMSK pulse

	Rx filter

  - Bandwidth
	RRC

   240 kHz

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	Simulation length
	20000 radio block per simulation point for header performance.

10000 radio block per simulation point for data performance.

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


5.3 Results
The detailed graphs on which the following tables are based are shown in ‎Annex A. Only the best and worse performing a is shown in this section, for the full tables, see ‎Annex A.
5.3.1 RED HOT A

In Table 5, Table 6 and Table 7 the header performance of HUGE A is evaluated.

Table 5. Performance evaluation of Header Type 1.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	9
	8,21
	0,07
	13,67
	0,00
	9,55
	0,01
	0,02

	15
	8,31
	0,16
	13,81
	0,14
	9,63
	0,09
	0,13


Table 6. Performance evaluation of Header Type 5.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	23
	8,66
	0,07
	14,11
	0,01
	9,85
	0,00
	0,03

	28
	8,74
	0,15
	14,20
	0,10
	9,96
	0,11
	0,12


Table 7. Performance evaluation of Header Type 4.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	13
	10,67
	0,06
	16,04
	0,01
	16,04
	0,01
	0,02

	9
	10,80
	0,19
	16,19
	0,15
	16,19
	0,15
	0,17


A small degradation of up to 0.2 dB between the best and the worst performing a is seen for all header types. There are mainly three reasons for this:
1. All header bits are placed in strong bit positions making the variation in raw BER smaller.

2. All header bits are placed close to the training sequence, minimizing the impact of channel variations.

3. All header have low code rates which minimizes the performance variation.
For RED HOT there will be a coupling of the interleaver and puncturing since the systematic bits from the encoder will be more important for the decoding performance. Thus, performance evaluation of RED HOT is left FFS until the puncturing patterns have been decided.
5.3.2 HUGE A

In Table 8 and Table 9 the header performance of HUGE A is evaluated.
Table 8. Performance evaluation of Header Type 1bis.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	9
	8,73
	0,00
	13,85
	0,02
	10,16
	0,00
	0,01

	21
	8,82
	0,09
	14,00
	0,17
	10,24
	0,08
	0,11


Table 9. Performance evaluation of Header Type 4.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	31
	8,91
	0,00
	14,45
	0,08
	10,39
	0,02
	0,03

	5
	9,05
	0,14
	14,60
	0,22
	10,46
	0,09
	0,15


The same small variations in header performance is seen for HUGE as for RED HOT, where a mean degradation between the best and worst a is < 0.15 dB.

Table 10. Performance evaluation of HCS-1/2/3-A.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	

	76
	17,98
	0,06
	21,77
	0,01
	21,05
	0,00
	0,02

	106
	18,39
	0,46
	22,30
	0,54
	21,81
	0,77
	0,59


Table 11. Performance evaluation of HCS-4-A.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	C/I@30%BLER

	Deg.
	

	88
	24,82
	0,06
	25,04
	0,03
	26,58
	0,05
	0,05

	104
	25,31
	0,56
	25,50
	0,48
	28,58
	2,05
	1,03


Table 12. Performance evaluation of HCS-5-A.
	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	C/I@30%BLER
	Deg.
	

	99
	27,61
	0,04
	26,29
	0,03
	32,21
	0,00
	0,02

	139
	27,87
	0,30
	26,41
	0,16
	33,45
	1,24
	0,56


Larger variation in performance is seen for the data interleaver where a mean degradation of up to 1 dB can be seen.
6 Conclusion

In this contribution two interleaver formulas, applicable to GSM/EDGE, have been proposed. One formula where bit positions within modulation symbols have been taken into account and one where all bits in the interleaved word are assumed to be equally strong, in terms of bit positions within a modulation symbol.
The interleaver formulas have been used in the evaluation of RED HOT A, ‎[1], and HUGE A, ‎[3]. 
Both interleaver formulas depend on a parameter a, which can take limited values for each interleaver. The values of a have been evaluated by simulations and an optimum value of a is proposed for the header interleavers of both HUGE A and RED HOT A and for the data interleavers of HUGE A. Data interleavers for RED HOT A have not yet been evaluated since there will be a coupling of the puncturing and interleaving due to the different impact the systematic and parity bits have in the decoder.
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Annex A Simulation results

A.1 RED HOT A

A.1.1  Performance tables

Table 13. Performance evaluation of Header Type 1.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	9
	8,21
	0,07
	13,67
	0,00
	9,55
	0,01
	0,02

	27
	8,16
	0,01
	13,70
	0,03
	9,59
	0,04
	0,03

	33
	8,21
	0,06
	13,71
	0,04
	9,55
	0,00
	0,03

	11
	8,17
	0,03
	13,68
	0,01
	9,62
	0,08
	0,04

	23
	8,20
	0,06
	13,72
	0,05
	9,56
	0,01
	0,04

	7
	8,23
	0,08
	13,68
	0,01
	9,64
	0,09
	0,06

	3
	8,28
	0,13
	13,75
	0,08
	9,56
	0,01
	0,07

	25
	8,20
	0,05
	13,78
	0,11
	9,61
	0,06
	0,08

	5
	8,23
	0,08
	13,76
	0,09
	9,61
	0,07
	0,08

	31
	8,24
	0,09
	13,76
	0,09
	9,62
	0,07
	0,08

	13
	8,15
	0,00
	13,78
	0,11
	9,70
	0,15
	0,09

	29
	8,23
	0,08
	13,85
	0,18
	9,58
	0,03
	0,10

	21
	8,21
	0,06
	13,77
	0,10
	9,70
	0,16
	0,11

	19
	8,23
	0,08
	13,84
	0,17
	9,64
	0,09
	0,11

	15
	8,31
	0,16
	13,81
	0,14
	9,63
	0,09
	0,13


Table 14. Performance evaluation of Header Type 5.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	23
	8,66
	0,07
	14,11
	0,01
	9,85
	0,00
	0,03

	14
	8,58
	0,00
	14,17
	0,07
	9,91
	0,06
	0,04

	8
	8,63
	0,04
	14,10
	0,00
	9,96
	0,10
	0,05

	25
	8,63
	0,05
	14,10
	0,00
	9,97
	0,12
	0,06

	31
	8,63
	0,05
	14,13
	0,03
	9,95
	0,09
	0,06

	10
	8,62
	0,03
	14,14
	0,04
	9,99
	0,13
	0,07

	2
	8,67
	0,08
	14,16
	0,07
	9,91
	0,06
	0,07

	29
	8,64
	0,06
	14,13
	0,04
	9,97
	0,12
	0,07

	16
	8,69
	0,11
	14,11
	0,01
	9,96
	0,10
	0,08

	17
	8,63
	0,04
	14,16
	0,06
	9,97
	0,12
	0,08

	5
	8,68
	0,09
	14,10
	0,00
	10,01
	0,15
	0,08

	19
	8,71
	0,13
	14,10
	0,00
	9,97
	0,12
	0,08

	13
	8,65
	0,06
	14,14
	0,04
	10,00
	0,15
	0,08

	32
	8,64
	0,06
	14,18
	0,08
	9,97
	0,11
	0,08

	4
	8,70
	0,12
	14,20
	0,10
	9,95
	0,10
	0,11

	20
	8,66
	0,08
	14,22
	0,12
	9,99
	0,13
	0,11

	26
	8,64
	0,06
	14,21
	0,11
	10,01
	0,16
	0,11

	7
	8,73
	0,15
	14,12
	0,03
	10,03
	0,18
	0,12

	28
	8,74
	0,15
	14,20
	0,10
	9,96
	0,11
	0,12


Table 15. Performance evaluation of Header Type 4.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	13
	10,67
	0,06
	16,04
	0,01
	16,04
	0,01
	0,02

	3
	10,67
	0,05
	16,05
	0,02
	16,05
	0,02
	0,03

	23
	10,76
	0,15
	16,03
	0,00
	16,03
	0,00
	0,05

	37
	10,67
	0,06
	16,09
	0,06
	16,09
	0,06
	0,06

	25
	10,61
	0,00
	16,12
	0,09
	16,12
	0,09
	0,06

	33
	10,66
	0,05
	16,12
	0,09
	16,12
	0,09
	0,08

	17
	10,70
	0,09
	16,11
	0,07
	16,11
	0,07
	0,08

	5
	10,74
	0,13
	16,10
	0,06
	16,10
	0,06
	0,08

	21
	10,73
	0,11
	16,11
	0,07
	16,11
	0,07
	0,09

	15
	10,68
	0,07
	16,14
	0,10
	16,14
	0,10
	0,09

	31
	10,67
	0,05
	16,15
	0,12
	16,15
	0,12
	0,09

	7
	10,68
	0,07
	16,16
	0,12
	16,16
	0,12
	0,10

	35
	10,65
	0,04
	16,19
	0,15
	16,19
	0,15
	0,11

	11
	10,81
	0,19
	16,12
	0,08
	16,12
	0,08
	0,12

	27
	10,69
	0,08
	16,21
	0,18
	16,21
	0,18
	0,14

	29
	10,80
	0,19
	16,16
	0,13
	16,16
	0,13
	0,15

	9
	10,80
	0,19
	16,19
	0,15
	16,19
	0,15
	0,17


A.1.2  TU3iFH
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Figure 2. Header BLER for HTCS-4/5-A with different values of a at 5% BLER.
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Figure 3. Header BLER for HTCS-6-A with different values of a at 5% BLER.
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Figure 4. Header BLER for HTCS-7/8-A with different values of a at 5% BLER.
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Figure 5. Header BLER for HTCS-4/5-A with different values of a at 5% BLER.
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Figure 6. Header BLER for HTCS-6-A with different values of a at 5% BLER.
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Figure 7. Header BLER for HTCS-7/8-A with different values of a at 5% BLER.
A.1.4  HT100nFH
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Figure 8. Header BLER for HTCS-4/5-A with different values of a at 5% BLER.
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Figure 9. Header BLER for HTCS-6-A with different values of a at 5% BLER.
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Figure 10. Header BLER for HTCS-7/8-A with different values of a at 5% BLER.
A.2 HUGE A

A.2.1  Interleaving depth

The interleaving depth of HCS-4-A was investigated to see if the coding scheme would gain by increased diversity. The two interleaving depths investigated were 2 and 4 and the results are shown in Figure 11.
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Figure 11.  Different interleaving depths of HCS-4-A.

It can be seen that there is a gain at high BLER to have an interleaving depth of 4 and since the target BLER of the data usually is in the region of BLER>10% an interleaving depth of 4 was chosen for HCS-4-A.
A.2.2  Performance tables

Table 16. Performance evaluation of Header Type 1bis.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	9
	8,73
	0,00
	13,85
	0,02
	10,16
	0,00
	0,01

	7
	8,80
	0,07
	13,83
	0,00
	10,21
	0,04
	0,04

	5
	8,77
	0,04
	13,88
	0,06
	10,20
	0,03
	0,04

	27
	8,75
	0,02
	13,96
	0,13
	10,20
	0,04
	0,06

	19
	8,79
	0,06
	13,91
	0,09
	10,21
	0,05
	0,07

	29
	8,80
	0,07
	13,92
	0,09
	10,22
	0,05
	0,07

	23
	8,76
	0,03
	14,00
	0,17
	10,22
	0,05
	0,08

	3
	8,85
	0,11
	13,86
	0,04
	10,28
	0,11
	0,09

	13
	8,75
	0,02
	13,91
	0,08
	10,34
	0,18
	0,09

	15
	8,83
	0,10
	13,93
	0,10
	10,25
	0,08
	0,09

	11
	8,82
	0,08
	13,96
	0,13
	10,23
	0,07
	0,10

	31
	8,80
	0,07
	13,96
	0,13
	10,25
	0,09
	0,10

	25
	8,82
	0,09
	13,91
	0,09
	10,29
	0,13
	0,10

	33
	8,82
	0,09
	13,99
	0,16
	10,23
	0,06
	0,10

	21
	8,82
	0,09
	14,00
	0,17
	10,24
	0,08
	0,11


Table 17. Performance evaluation of Header Type 4.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	C/I@5%BLER
	Deg.
	

	31
	8,91
	0,00
	14,45
	0,08
	10,39
	0,02
	0,03

	29
	9,01
	0,09
	14,37
	0,00
	10,45
	0,09
	0,06

	41
	8,99
	0,08
	14,51
	0,14
	10,36
	0,00
	0,07

	17
	8,92
	0,01
	14,55
	0,18
	10,42
	0,05
	0,08

	37
	8,98
	0,07
	14,53
	0,16
	10,39
	0,02
	0,08

	11
	9,02
	0,10
	14,47
	0,10
	10,43
	0,06
	0,09

	13
	9,01
	0,10
	14,43
	0,06
	10,51
	0,15
	0,10

	23
	9,01
	0,10
	14,52
	0,15
	10,43
	0,06
	0,10

	25
	8,93
	0,02
	14,55
	0,18
	10,50
	0,13
	0,11

	19
	9,01
	0,10
	14,47
	0,09
	10,51
	0,15
	0,11

	5
	9,05
	0,14
	14,60
	0,22
	10,46
	0,09
	0,15


Table 18. Performance evaluation of HCS-1-A.
	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	

	76
	17,98
	0,06
	21,77
	0,01
	21,05
	0,00
	0,02

	63
	17,97
	0,05
	21,79
	0,03
	21,08
	0,04
	0,04

	19
	17,97
	0,04
	21,81
	0,05
	21,08
	0,03
	0,04

	41
	17,99
	0,06
	21,82
	0,06
	21,06
	0,01
	0,04

	17
	17,99
	0,06
	21,79
	0,03
	21,09
	0,05
	0,05

	78
	17,95
	0,03
	21,79
	0,03
	21,13
	0,09
	0,05

	49
	18,02
	0,10
	21,78
	0,02
	21,07
	0,03
	0,05

	44
	17,99
	0,07
	21,79
	0,03
	21,11
	0,06
	0,05

	60
	18,00
	0,07
	21,78
	0,02
	21,12
	0,07
	0,05

	82
	17,94
	0,01
	21,80
	0,04
	21,16
	0,12
	0,06

	25
	17,97
	0,04
	21,81
	0,05
	21,12
	0,07
	0,06

	33
	18,05
	0,13
	21,79
	0,03
	21,07
	0,02
	0,06

	58
	18,00
	0,07
	21,78
	0,02
	21,13
	0,08
	0,06

	47
	17,93
	0,00
	21,85
	0,08
	21,14
	0,10
	0,06

	65
	17,99
	0,06
	21,78
	0,02
	21,15
	0,10
	0,06

	62
	18,01
	0,08
	21,84
	0,08
	21,08
	0,03
	0,06

	93
	17,98
	0,05
	21,79
	0,03
	21,15
	0,11
	0,06

	97
	17,97
	0,04
	21,82
	0,06
	21,14
	0,09
	0,06

	30
	17,97
	0,04
	21,81
	0,05
	21,15
	0,10
	0,06

	66
	18,01
	0,08
	21,78
	0,02
	21,14
	0,09
	0,07

	56
	17,97
	0,04
	21,81
	0,05
	21,16
	0,11
	0,07

	10
	17,97
	0,04
	21,79
	0,03
	21,17
	0,12
	0,07

	69
	17,99
	0,06
	21,80
	0,04
	21,14
	0,10
	0,07

	51
	18,06
	0,13
	21,76
	0,00
	21,12
	0,08
	0,07

	77
	17,94
	0,01
	21,84
	0,08
	21,16
	0,11
	0,07

	90
	17,98
	0,05
	21,83
	0,07
	21,13
	0,09
	0,07

	11
	17,97
	0,04
	21,81
	0,05
	21,16
	0,12
	0,07

	50
	17,96
	0,03
	21,83
	0,07
	21,15
	0,11
	0,07

	31
	17,97
	0,04
	21,81
	0,05
	21,17
	0,12
	0,07

	94
	17,99
	0,06
	21,83
	0,07
	21,13
	0,08
	0,07

	79
	17,96
	0,03
	21,79
	0,02
	21,21
	0,16
	0,07

	14
	17,98
	0,05
	21,82
	0,06
	21,15
	0,11
	0,07

	29
	18,04
	0,11
	21,83
	0,07
	21,08
	0,03
	0,07

	22
	17,98
	0,06
	21,87
	0,11
	21,10
	0,05
	0,07

	26
	18,01
	0,08
	21,82
	0,06
	21,13
	0,08
	0,07

	68
	17,97
	0,05
	21,86
	0,10
	21,12
	0,07
	0,07

	45
	17,98
	0,05
	21,81
	0,05
	21,17
	0,12
	0,07

	24
	18,04
	0,11
	21,82
	0,06
	21,10
	0,05
	0,07

	84
	18,02
	0,09
	21,81
	0,05
	21,13
	0,09
	0,07

	83
	17,94
	0,01
	21,91
	0,15
	21,12
	0,07
	0,08

	28
	17,96
	0,03
	21,86
	0,10
	21,15
	0,10
	0,08

	74
	18,03
	0,10
	21,81
	0,05
	21,14
	0,09
	0,08

	32
	18,01
	0,08
	21,86
	0,10
	21,11
	0,06
	0,08

	20
	17,97
	0,05
	21,84
	0,08
	21,16
	0,11
	0,08

	87
	17,99
	0,06
	21,86
	0,10
	21,12
	0,08
	0,08

	99
	18,01
	0,08
	21,81
	0,05
	21,15
	0,11
	0,08

	73
	17,99
	0,06
	21,87
	0,11
	21,12
	0,07
	0,08

	8
	17,99
	0,07
	21,85
	0,09
	21,13
	0,09
	0,08

	42
	18,00
	0,07
	21,80
	0,04
	21,18
	0,13
	0,08

	38
	17,97
	0,05
	21,85
	0,09
	21,15
	0,11
	0,08

	13
	18,02
	0,09
	21,86
	0,10
	21,10
	0,06
	0,08

	75
	18,02
	0,10
	21,87
	0,11
	21,09
	0,04
	0,08

	16
	17,99
	0,06
	21,86
	0,10
	21,13
	0,08
	0,08

	7
	17,99
	0,06
	21,82
	0,06
	21,19
	0,14
	0,09

	15
	18,04
	0,11
	21,83
	0,07
	21,12
	0,07
	0,09

	34
	17,98
	0,05
	21,86
	0,10
	21,15
	0,10
	0,09

	91
	18,02
	0,10
	21,87
	0,11
	21,10
	0,06
	0,09

	48
	17,99
	0,06
	21,85
	0,09
	21,17
	0,12
	0,09

	88
	18,01
	0,08
	21,86
	0,10
	21,13
	0,08
	0,09

	92
	18,00
	0,07
	21,84
	0,08
	21,16
	0,12
	0,09

	57
	18,01
	0,08
	21,86
	0,10
	21,13
	0,09
	0,09

	23
	18,05
	0,12
	21,83
	0,07
	21,14
	0,09
	0,10

	40
	18,06
	0,13
	21,83
	0,07
	21,14
	0,09
	0,10

	21
	18,02
	0,09
	21,86
	0,09
	21,16
	0,11
	0,10

	59
	18,01
	0,08
	21,87
	0,11
	21,16
	0,11
	0,10

	9
	18,01
	0,08
	21,86
	0,10
	21,17
	0,12
	0,10

	85
	18,02
	0,09
	21,84
	0,08
	21,19
	0,15
	0,10

	100
	18,01
	0,08
	21,87
	0,11
	21,18
	0,14
	0,11

	98
	18,04
	0,11
	21,86
	0,10
	21,17
	0,12
	0,11

	96
	18,02
	0,09
	21,91
	0,15
	21,14
	0,09
	0,11

	37
	17,99
	0,06
	21,88
	0,12
	21,20
	0,15
	0,11

	39
	18,08
	0,15
	21,85
	0,09
	21,14
	0,10
	0,11

	101
	17,98
	0,06
	21,84
	0,08
	21,25
	0,20
	0,11

	81
	18,04
	0,11
	21,91
	0,15
	21,14
	0,10
	0,12

	86
	18,06
	0,13
	21,86
	0,10
	21,16
	0,12
	0,12

	5
	18,00
	0,07
	21,82
	0,06
	21,27
	0,22
	0,12

	67
	18,06
	0,14
	21,87
	0,11
	21,17
	0,13
	0,12

	46
	18,09
	0,16
	21,86
	0,10
	21,16
	0,11
	0,13

	55
	18,05
	0,13
	21,91
	0,15
	21,15
	0,11
	0,13

	89
	18,06
	0,13
	21,88
	0,12
	21,17
	0,13
	0,13

	12
	18,07
	0,14
	21,88
	0,12
	21,17
	0,13
	0,13

	61
	18,07
	0,15
	21,90
	0,13
	21,15
	0,11
	0,13

	70
	18,01
	0,08
	21,89
	0,13
	21,23
	0,18
	0,13

	102
	18,01
	0,08
	21,84
	0,08
	21,28
	0,24
	0,13

	6
	18,00
	0,07
	21,93
	0,17
	21,21
	0,16
	0,14

	95
	18,11
	0,18
	21,84
	0,08
	21,20
	0,15
	0,14

	52
	18,00
	0,07
	21,98
	0,22
	21,22
	0,18
	0,16

	64
	18,10
	0,17
	21,89
	0,13
	21,23
	0,19
	0,16

	72
	18,04
	0,11
	21,97
	0,21
	21,23
	0,19
	0,17

	35
	18,12
	0,19
	21,93
	0,17
	21,21
	0,16
	0,17

	18
	18,02
	0,10
	21,97
	0,21
	21,28
	0,23
	0,18

	43
	18,10
	0,17
	22,00
	0,24
	21,19
	0,14
	0,18

	4
	18,05
	0,12
	21,88
	0,12
	21,36
	0,31
	0,18

	80
	18,15
	0,22
	22,01
	0,25
	21,21
	0,16
	0,21

	104
	18,04
	0,11
	21,97
	0,21
	21,37
	0,33
	0,22

	103
	18,03
	0,10
	21,95
	0,19
	21,41
	0,37
	0,22

	27
	18,19
	0,26
	22,04
	0,28
	21,18
	0,13
	0,22

	71
	18,18
	0,25
	22,06
	0,29
	21,28
	0,24
	0,26

	3
	18,08
	0,15
	21,95
	0,19
	21,50
	0,45
	0,26

	36
	18,23
	0,30
	22,06
	0,30
	21,35
	0,30
	0,30

	53
	18,24
	0,31
	22,12
	0,36
	21,40
	0,36
	0,34

	54
	18,26
	0,33
	22,15
	0,39
	21,41
	0,36
	0,36

	2
	18,20
	0,27
	22,11
	0,35
	21,55
	0,50
	0,37

	105
	18,17
	0,24
	22,11
	0,35
	21,59
	0,55
	0,38

	106
	18,39
	0,46
	22,30
	0,54
	21,81
	0,77
	0,59


Table 19. Performance evaluation of HCS-4-A.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	C/I@30%BLER
	Deg.
	

	88
	24,82
	0,06
	25,04
	0,03
	26,58
	0,05
	0,05

	47
	24,82
	0,06
	25,06
	0,05
	26,58
	0,05
	0,05

	61
	24,81
	0,06
	25,04
	0,03
	26,61
	0,08
	0,06

	44
	24,80
	0,04
	25,08
	0,07
	26,59
	0,06
	0,06

	32
	24,78
	0,02
	25,04
	0,03
	26,64
	0,11
	0,06

	31
	24,79
	0,04
	25,10
	0,09
	26,58
	0,05
	0,06

	67
	24,82
	0,06
	25,03
	0,02
	26,63
	0,10
	0,06

	23
	24,79
	0,04
	25,11
	0,10
	26,59
	0,06
	0,06

	83
	24,79
	0,04
	25,10
	0,09
	26,60
	0,07
	0,07

	16
	24,83
	0,08
	25,08
	0,06
	26,59
	0,05
	0,07

	17
	24,81
	0,06
	25,04
	0,03
	26,65
	0,12
	0,07

	73
	24,81
	0,05
	25,08
	0,07
	26,63
	0,10
	0,08

	89
	24,81
	0,05
	25,05
	0,04
	26,67
	0,14
	0,08

	8
	24,83
	0,07
	25,07
	0,06
	26,63
	0,10
	0,08

	62
	24,80
	0,04
	25,07
	0,05
	26,67
	0,13
	0,08

	59
	24,85
	0,10
	25,01
	0,00
	26,67
	0,14
	0,08

	37
	24,81
	0,06
	25,09
	0,07
	26,64
	0,11
	0,08

	68
	24,83
	0,08
	25,12
	0,11
	26,59
	0,05
	0,08

	82
	24,78
	0,03
	25,13
	0,12
	26,63
	0,10
	0,08

	43
	24,81
	0,05
	25,07
	0,06
	26,67
	0,14
	0,08

	38
	24,83
	0,08
	25,07
	0,06
	26,65
	0,12
	0,09

	71
	24,86
	0,10
	25,07
	0,06
	26,63
	0,10
	0,09

	41
	24,80
	0,05
	25,11
	0,10
	26,65
	0,12
	0,09

	13
	24,88
	0,12
	25,07
	0,06
	26,62
	0,08
	0,09

	86
	24,90
	0,15
	25,07
	0,06
	26,60
	0,07
	0,09

	76
	24,83
	0,08
	25,11
	0,10
	26,63
	0,09
	0,09

	4
	24,92
	0,17
	25,05
	0,03
	26,61
	0,08
	0,09

	34
	24,89
	0,14
	25,10
	0,09
	26,59
	0,06
	0,09

	22
	24,85
	0,09
	25,12
	0,11
	26,63
	0,10
	0,10

	97
	24,89
	0,14
	25,04
	0,02
	26,70
	0,17
	0,11

	101
	24,85
	0,10
	25,11
	0,10
	26,68
	0,15
	0,11

	19
	24,84
	0,08
	25,13
	0,12
	26,69
	0,16
	0,12

	79
	25,02
	0,26
	25,11
	0,10
	26,53
	0,00
	0,12

	94
	24,81
	0,05
	25,16
	0,14
	26,74
	0,21
	0,13

	74
	24,78
	0,02
	25,15
	0,13
	26,79
	0,26
	0,14

	2
	25,02
	0,27
	25,05
	0,04
	26,66
	0,13
	0,14

	26
	25,02
	0,27
	25,08
	0,07
	26,69
	0,16
	0,17

	103
	25,04
	0,28
	25,10
	0,09
	26,76
	0,23
	0,20

	92
	24,89
	0,13
	25,21
	0,20
	26,83
	0,30
	0,21

	58
	24,80
	0,04
	25,21
	0,20
	26,93
	0,40
	0,22

	11
	24,77
	0,02
	25,12
	0,11
	27,16
	0,63
	0,25

	46
	24,82
	0,07
	25,27
	0,26
	27,08
	0,54
	0,29

	64
	24,83
	0,07
	25,29
	0,28
	27,10
	0,57
	0,31

	53
	25,15
	0,40
	25,16
	0,15
	27,13
	0,60
	0,38

	29
	24,75
	0,00
	25,31
	0,30
	27,76
	1,23
	0,51

	52
	25,20
	0,45
	25,34
	0,33
	27,62
	1,09
	0,62

	104
	25,31
	0,56
	25,50
	0,48
	28,58
	2,05
	1,03


Table 19. Performance evaluation of HCS-5-A.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean deg.

	
	C/I@10%BLER
	Deg.
	C/I@10%BLER
	Deg.
	C/I@30%BLER
	Deg.
	

	99
	27,61
	0,04
	26,29
	0,03
	32,21
	0,00
	0,02

	51
	27,68
	0,12
	26,28
	0,02
	32,24
	0,03
	0,06

	101
	27,61
	0,04
	26,27
	0,01
	32,33
	0,12
	0,06

	37
	27,63
	0,06
	26,27
	0,02
	32,31
	0,10
	0,06

	127
	27,64
	0,07
	26,28
	0,02
	32,32
	0,11
	0,07

	41
	27,63
	0,06
	26,32
	0,06
	32,34
	0,13
	0,08

	67
	27,67
	0,10
	26,30
	0,04
	32,32
	0,11
	0,08

	3
	27,61
	0,05
	26,29
	0,04
	32,39
	0,18
	0,09

	13
	27,62
	0,05
	26,31
	0,05
	32,38
	0,17
	0,09

	107
	27,66
	0,09
	26,31
	0,05
	32,36
	0,15
	0,10

	31
	27,65
	0,09
	26,34
	0,09
	32,33
	0,12
	0,10

	103
	27,62
	0,05
	26,35
	0,10
	32,38
	0,17
	0,11

	33
	27,65
	0,08
	26,30
	0,05
	32,40
	0,19
	0,11

	73
	27,57
	0,00
	26,32
	0,06
	32,47
	0,26
	0,11

	39
	27,64
	0,08
	26,31
	0,06
	32,41
	0,20
	0,11

	89
	27,67
	0,10
	26,33
	0,07
	32,38
	0,17
	0,11

	29
	27,64
	0,08
	26,32
	0,07
	32,42
	0,21
	0,12

	27
	27,66
	0,10
	26,31
	0,05
	32,42
	0,21
	0,12

	57
	27,68
	0,11
	26,34
	0,08
	32,40
	0,19
	0,13

	83
	27,67
	0,10
	26,35
	0,09
	32,43
	0,22
	0,14

	81
	27,65
	0,08
	26,35
	0,09
	32,45
	0,24
	0,14

	113
	27,66
	0,09
	26,33
	0,07
	32,47
	0,26
	0,14

	61
	27,69
	0,12
	26,26
	0,00
	32,53
	0,32
	0,15

	111
	27,64
	0,08
	26,29
	0,03
	32,55
	0,34
	0,15

	109
	27,65
	0,08
	26,34
	0,08
	32,50
	0,29
	0,15

	117
	27,65
	0,09
	26,35
	0,09
	32,49
	0,29
	0,15

	79
	27,63
	0,06
	26,35
	0,09
	32,53
	0,32
	0,16

	137
	27,68
	0,11
	26,33
	0,07
	32,50
	0,29
	0,16

	97
	27,65
	0,08
	26,34
	0,09
	32,53
	0,32
	0,16

	59
	27,66
	0,10
	26,31
	0,05
	32,56
	0,35
	0,17

	87
	27,70
	0,13
	26,29
	0,03
	32,55
	0,34
	0,17

	17
	27,69
	0,12
	26,35
	0,09
	32,51
	0,30
	0,17

	43
	27,65
	0,08
	26,34
	0,08
	32,56
	0,35
	0,17

	121
	27,68
	0,12
	26,31
	0,05
	32,57
	0,36
	0,18

	9
	27,65
	0,09
	26,34
	0,08
	32,57
	0,36
	0,18

	123
	27,61
	0,04
	26,35
	0,10
	32,67
	0,46
	0,20

	19
	27,66
	0,09
	26,30
	0,04
	32,69
	0,48
	0,20

	131
	27,66
	0,09
	26,35
	0,10
	32,66
	0,46
	0,21


	129
	27,70
	0,13
	26,32
	0,06
	32,67
	0,46
	0,22

	11
	27,69
	0,12
	26,34
	0,08
	32,67
	0,46
	0,22

	71
	27,68
	0,12
	26,34
	0,09
	32,75
	0,54
	0,25

	23
	27,72
	0,15
	26,32
	0,06
	32,77
	0,56
	0,26

	53
	27,67
	0,10
	26,38
	0,12
	32,78
	0,57
	0,26

	93
	27,71
	0,15
	26,33
	0,07
	32,85
	0,64
	0,29

	69
	27,71
	0,14
	26,37
	0,11
	32,95
	0,74
	0,33

	47
	27,73
	0,16
	26,34
	0,08
	33,06
	0,85
	0,36

	139
	27,87
	0,30
	26,41
	0,16
	33,45
	1,24
	0,56
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Figure 12. Header BLER for HCS-1/2/3-A with different values of a at 5% BLER.
[image: image25.png]Header BLER

10’

8.5
A [dB]

9.5




Figure 13. Header BLER for HCS-4/5-A with different values of a at 5% BLER.
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Figure 14. Data BLER for HCS-1-A with different values of a at 10% BLER.
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Figure 15. Data BLER for HCS-4-A with different values of a at 10% BLER.
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Figure 16. Data BLER for HCS-5-A with different values of a at 10% BLER.
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Figure 17. Header BLER for HCS-1/2/3-A with different values of a at 5% BLER.
[image: image30.png]Header BLER

0.0501

0.0398

0.0316

0.044%

4 141 142 143 144

14 142

14.4

146

L
148 15 152 154
ci_ [dB]





Figure 18. Header BLER for HCS-4/5-A with different values of a at 5% BLER.
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Figure 19. Data BLER for HCS-1-A with different values of a at 10% BLER.
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Figure 20. Data BLER for HCS-4-A with different values of a at 10% BLER.
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Figure 21. Data BLER for HCS-5-A with different values of a at 10% BLER.
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Figure 22. Header BLER for HCS-1/2/3-A with different values of a at 5% BLER.
[image: image35.png]0.0631

0.0501+ .
o
L
-
m
50,0398 1
©
Q
I
0.0316- .
0.0251 .
0043 104 105 106
| | | |
95 10 105 11 15

12




Figure 23. Header BLER for HCS-4/5-A with different values of a at 5% BLER.
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Figure 24. Data BLER for HCS-5-A with different values of a at 10% BLER.
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Figure 25. Data BLER for HCS-4-A with different values of a at 10% BLER.
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Figure 26. Data BLER for HCS-5-A with different values of a at 10% BLER.
















































































































































































































































































































































































































































































































































































































































� Both HCS-4-A and HCS-5-A have been evaluated at 30% BLER on the HT100nFH channel since there will be an error floor at lower BLER because of low complexity implementation of the equalizer making 10 % BLER too low to simulate.
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