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Interleaver evaluation for RED HOT and HUGE

1 Introduction

A generic interleaver proposal, including two interleavers, was presented by Ericsson at GERAN#34, ‎[1]. An evaluation of the interleaver performance was presented at the GERAN Ad Hoc on RED HOT and HUGE in June, ‎[2], where one of the interleavers, the symbol interleaver, was used for data interleaving and the other one, the bit interleaver, for the header interleaving. 

After further investigation of the symbol interleaver and bit interleaver it has been seen that there is an issue with the symbol interleaver when used with 16QAM and also that the bit interleaver seems to give a more flexible design in terms of interleaver patterns. It has therefore been proposed to use the bit interleaver in the search of interleavers for HUGE and RED HOT, see ‎[3].

In this document, data interleavers for HUGE and RED HOT are proposed.

NOTE: Simulation results are still missing to conclude on all interleavers for HUGE and RED HOT.

2 Interleaver design

The interleaver used is a bit interleaver as described in ‎[3]. In short, the interleaver spreads the bits evenly between the bursts over which the word is interleaved. Also, an interleaver pattern, dependent on a parameter ‘a’, is used to interleave the bits within each burst.

2.1 Parameter ‘a’

The possible values of the parameter a is limited by the number of bits in each burst. Also, the parameter may not have a common factor with the number of bits in each burst. Possible values of ‘a’ for HUGE is shown in Table 15 and Table 16 in ‎A.1.

3 Performance evaluation

The interleaver mappings have been evaluated in three different scenarios in order to evaluate the bit interleaver 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 be approximately 10 % BLER. Thus, the target BLER for the simulations is 10 % BLER. Only the data interleavers have been evaluated. For header interleaver evaluation, see ‎[2]. Note that the bit interleaver is also used in the header evaluation in ‎[2].

The interleavers have been evaluated with a mean calculation over the BLER degradation (in % BLER) for the three different scenarios. The two best a’s and the two worst a’s are shown in the simulation results. For figures with a complete set of all a’s, see Section ‎A.2. Only one C/I has been simulated per channel scenario and MCS. It is assumed that the same interleaver relations are valid across the interesting C/I-range. It can be seen in ‎A.2 that not all simulations are exactly on the target BLER. However, the variations are assumed to be small enough not to have an impact on the conclusions.
4 Results
4.1 Simulation assumptions

The simulation assumptions are shown in Table 1.

Table 1. Simulation 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 (single antenna receiver)

DTS-2 (dual antenna receiver)

	Antenna diversity
	No (RED HOT)

Yes, IRC (HUGE)

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Lin GMSK pulse (Normal Symbol Rate)

270 kHz Hanning windowed RRC1 (Higher Symbol Rate)

	Rx filter

  - Bandwidth
	RRC1 (NSR) / Han RRC (HSR)

   240 kHz (NSR)

   270 kHz (HSR)

	RRC rolloff
	0.3

	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
	8000 radio block per simulation point for data performance.

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


4.2 Simulation results
4.2.1 HUGE A
Table 2. Performance evaluation of UAS-7.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG 

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG
	

	187
	0,105
	0,000
	0,096
	0,003
	0,074
	0,001
	0,001

	49
	0,106
	0,001
	0,097
	0,004
	0,074
	0,002
	0,002

	3
	0,168
	0,063
	0,122
	0,029
	0,129
	0,057
	0,050

	427
	0,177
	0,072
	0,122
	0,029
	0,130
	0,058
	0,053


It can be seen that the minimum mean BLER degradation for UAS-7 is 0.1 % whereas the maximum mean degradation is 5.3 %.
Table 3. Performance evaluation of UAS-10.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	

	173
	0,102
	0,001
	0,103
	0,002
	0,084
	0,000
	0,001

	229
	0,101
	0,000
	0,102
	0,000
	0,087
	0,003
	0,001

	209
	0,123
	0,022
	0,116
	0,014
	0,104
	0,020
	0,019

	419
	0,148
	0,047
	0,124
	0,022
	0,136
	0,052
	0,040


Similar differences are seen with UAS-10 where the minimum/maximum mean BLER degradations are 0.1 % and 4.0 % respectively.

Table 4. Performance evaluation of UAS-11.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]


UAS-11 is interleaved over 1⅓ bursts. It is proposed to use the bit interleaver with interleaving depth 1 and repeat the interleaving for the three RLC blocks.
4.2.2 HUGE B

Table 5. Performance evaluation of UBS-5.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	

	108
	0,116
	0,002
	0,093
	0,000
	0,090
	0,000
	0,001

	135
	0,116
	0,003
	0,095
	0,002
	0,090
	0,000
	0,002

	245
	0,170
	0,056
	0,118
	0,026
	0,128
	0,038
	0,040

	246
	0,174
	0,061
	0,123
	0,030
	0,126
	0,037
	0,043


UBS-5, modulated with QPSK, experiences a minimum BLER degradation of 0.1 % and a maximum degradation of 4.3 %. A larger maximum degradation is seen for UBS-7, 8.6 %, whereas the minimum degradation is still low, 0.2 %.
Table 6. Performance evaluation of UBS-7.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	

	403
	0,125
	0,003
	0,099
	0,000
	0,076
	0,002
	0,002

	291
	0,125
	0,003
	0,101
	0,001
	0,075
	0,001
	0,002

	265
	0,232
	0,111
	0,153
	0,054
	0,167
	0,093
	0,086

	249
	0,235
	0,113
	0,154
	0,054
	0,166
	0,092
	0,086


Table 7. Performance evaluation of UBS-9.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	

	229
	0,108
	0,000
	0,090
	0,001
	0,088
	0,004
	0,002

	221
	0,110
	0,002
	0,091
	0,002
	0,087
	0,003
	0,002

	499
	0,143
	0,035
	0,106
	0,016
	0,120
	0,036
	0,029

	503
	0,154
	0,046
	0,109
	0,020
	0,125
	0,041
	0,036


For UBS-9 the minimum/maximum mean degradation is 0.2 % and 3.6 % respectively.

Table 8. Performance evaluation of UBS-10.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	BLER
	BLERDEG.
	

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]


Table 9. Performance evaluation of UBS-11.

	a
	TU3iFH
	TU3nFH
	HT100nFH
	Mean BLERDEG

	
	BLER
	BLERDEG
	BLER
	BLERDEG
	BLER
	BLERDEG
	

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]

	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]
	[tbd]


Both UBS-11 and UBS-12 is interleaved over 1 burst, thus it is proposed to use a repeated bit interleaver with interleaving depth 1.
4.2.3 RED HOT A

NOTE: The simulation results for RED HOT A are still missing.

4.2.4 RED HOT B

NOTE: The simulation results for RED HOT B are still missing.

5 Discussion

Simulation results on the data interleaver performance have been presented for HUGE A and HUGE B. Results for RED HOT A and RED HOT B are still missing. 

The simulations have been performed in three different scenarios to cover different channel characteristics. 

The lowest MCS for each header type has been simulated. However, the same interleaver is proposed to be used for all MCS with the same header type and interleaving depth.

NOTE: It needs to be confirmed that the interleaver performs well irrespective of the puncturing used.
The lowest mean degradation for the three different scenarios is around 0.1-0.2 % BLER for all investigated MCS, whereas the worst interleaver gives approximately a mean degradation of 3-8 % in BLER.

6 Conclusions

Interleaver optimization has been performed for HUGE with a bit interleaver, as proposed in ‎[3]. The interleavers have been evaluated in three different scenarios: TU3iFH, TU3nFH and HT100nFH, and the mean performance has been used to determine the optimum interleaver for each MCS. A mean degradation of approximately 0.1-0.2 % BLER has been seen for the best performing interleavers; while up to 8 % degradation has been seen for the worst performing interleavers.

The following interleaver parameters are proposed to be used for HUGE A and HUGE B with the bit interleaver proposed in ‎[3]:
	HUGE MCS
	Interleaving 

depth [bursts]
	a

	UAS-7, UAS-8, UAS-9
	4
	187

	UAS-10
	4
	173

	UAS-11
	1
	[tbd]

	UBS-5, UBS-6
	4
	108

	UBS-7, UBS-8
	4
	403

	UBS-9
	4
	229

	UBS-10
	4
	[tbd]

	UBS-11, UBS-12
	1
	[tbd]


The interleaver will also be evaluated for RED HOT A and RED HOT B, and compared to other proposed interleavers for turbo codes, see ‎[4].
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A.1 Parameter ‘a’

In Table 1- the possible values of parameter ‘a’ are shown.

Table 15. Possible values of parameter ‘a’ for HUGE A.

	MCSs
	Values of ‘a’

	UAS-7,UAS-8,UAS-9
	3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33,35,37,39,41,43,45,47,49,51,53,
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,
105,109,111,113,115,117,119,121,123,125,127,129,131,133,135,137,139,141,
143,145,147,149,151,153,155,157,159,161,163,165,167,169,171,173,175,177,
179,181,183,185,187,189,191,193,195,197,199,201,203,205,207,209,211,213,
215,217,219,221,223,225,227,229,231,233,235,237,239,241,243,245,247,249,
251,253,255,257,259,261,263,265,267,269,271,273,275,277,279,281,283,285,
287,289,291,293,295,297,299,301,303,305,307,309,311,313,315,317,319,323,
325,327,329,331,333,335,337,339,341,343,345,347,349,351,353,355,357,359,
361,363,365,367,369,371,373,375,377,379,381,383,385,387,389,391,393,395,
397,399,401,403,405,407,409,411,413,415,417,419,421,423,425,427

	UAS-10
	11,13,17,19,23,29,31,37,41,43,47,53,59,61,67,71,73,79,83,89,97,101,103,

107,109,113,121,127,131,137,139,143,149,151,157,163,167,169,173,179,

181,187,191,193,197,199,209,211,221,223,227,229,233,239,241,247,251,253,

257,263,269,271,277,281,283,289,293,299,307,311,313,317,319,323,331,337,

341,347,349,353,359,361,367,373,377,379,383,389,391,397,401,403,407,409,419

	UAS-11
	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,
141,143,149,151,153,157,159,163,167,169,171,173,177,179,181,183,187,191,
193,197,199,201,207,209,211,213,219,221,223,227,229,233,237,239,241,243,
247,249,251,253,257,261,263,267,269,271,277,279,281,283,289,291,293,297,
299,303,307,309,311,313,317,319,321,323,327,331,333,337,339,341,347,349,
351,353,359,361,363,367,369,373,377,379,381,383,387,389,391,393,397,401,
403,407,409,411,417,419,421,423,429,431,433,437,439,443,447,449,451,453,
457,459,461,463,467,471,473,477,479,481,487,489,491,493,499,501,503,507,
509,513,517,519,521,523,527,529,531,533,537,541,543,547,549,551,557,559


Table 16. Possible values of parameter ‘a’ for HUGE B.

	MCSs
	Values of ‘a’

	UBS-5, UBS-6
	2,3,4,5,6,7,8,9,10,11,12,14,15,16,17,18,20,21,22,23,24,25,27,28,29,30,31,32,33,34,35,36,37,
40,41,42,43,44,45,46,47,48,49,50,51,53,54,55,56,58,59,60,61,62,63,64,66,67,68,69,70,71,72,
73,74,75,77,79,80,81,82,83,84,85,86,87,88,89,90,92,93,94,96,97,98,99,100,101,102,103,105,
106,107,108,109,110,111,112,113,115,116,118,119,120,121,122,123,124,125,126,127,128,
129,131,132,134,135,136,137,138,139,140,141,142,144,145,146,147,148,149,150,151,153,
154,155,157,158,159,160,161,162,163,164,165,166,167,168,170,172,173,174,175,176,177,
178,179,180,181,183,184,185,186,187,188,189,191,192,193,194,196,197,198,199,200,201,
202,203,204,205,206,207,210,211,212,213,214,215,216,217,218,219,220,222,223,224,225,
226,227,229,230,231,232,233,235,236,237,238,239,240,241,242,243,244,245,246

	UBS-7, UBS-8
	3,5,7,9,11,13,15,17,19,21,23,25,27,29,31,33,35,37,39,41,43,45,47,49,51,53,55,57,59,61,63,
65,67,69,71,73,75,77,79,81,83,85,87,89,91,93,95,97,99,101,103,105,107,109,111,113,115,
117,119,121,123,125,127,129,131,133,135,137,139,141,143,145,147,149,151,153,155,157,
159,161,163,165,167,169,171,173175,177,179,181,183,185,187,189,191,193,195,197,199,
201,203,205,207,209,211,213,215,217,219,221,223,225,227,229,231,233,235,237,239,241,
243,245,247,249,251,253,255,259,261,263,265,267,269,271,273,275,277,279,281,283,285,
287,289,291,293,295,297,299,301,303,305,307,309,311,313,315,317,319,321,323,325,327,
329,331,333,335,337,339,341,343,345,347,349,351,353,355,357,359,361,363,365,367,369,
371,373,375,377,379,381,383,385,387,389,391,393,395,397,399,401,403,405,407,409,411,
413,415,417,419,421,423,425,427,429,431,433,435,437,439,441,443,445,447,449,451,453,
455,457,459,461,463,465,467,469,471,473,475,477,479,481,483,485,487,489,491,493,495,
497,499,501,503,505,507,509,511,513

	UBS-9
	5,11,13,17,19,23,25,29,31,37,41,43,47,53,55,59,61,65,67,71,73,79,83,85,89,95,97,101,103,
107,109,113,115,121,125,127,131,137,139,143,145,149,151,155,157,163,167,169,173,179,
181,185,187,191,193,197,199,205,209,211,215,221,223,227,229,233,235,239,241,247,251,
253,257,263,265,269,271,275,277,281,283,289,293,295,299,305,307,311,313,317,319,323,
325,331,335,337,341,347,349,353,355,359,361,365,367,373,377,379,383,389,391,395,397,
401,403,407,409,415,419,421,425,431,433,437,439,443,445,449,451,457,461,463,467,
473,475,479,481,485,487,491,493,499,503

	UBS-10
	2,4,7,8,11,13,14,16,17,19,22,23,26,28,29,31,32,34,37,38,41,44,46,47,49,52,53,56,58,59,61,
62,64,67,68,71,73,74,76,77,79,82,83,88,89,91,92,94,97,98,101,103,104,106,107,109,112,
113,116,118,119,121,122,124,127,128,131,133,134,136,137,139,142,143,146,148,149,151,
152,154,157,158,161,163,164,166,167,169,173,176,178,179,181,182,184,187,188,191,193,
194,196,197,199,202,203,206,208,209,211,212,214,217,218,221,223,224,226,227,229,232,
233,236,238,239,241,242,244,247,248,251,253,254,256,257,259,262,263,266,268,269,271,
272,274,277,278,281,283,284,286,287,289,292,293,296,298,299,302,304,307,308,311,313,
314,316,317,319,322,323,326,328,329,331,332,334,337,338,341,343,346,347,349,352,353,
356,358,359,361,362,364,367,368,371,373,374,376,377,379,382,383,386,388,389,391,392,
394,397,398,401,403,404,406,407,409,412,413,416,418,419,421,422,424,427,428,431,433,
434,436,437,439,442,443,446,448,449,451,452,454,457,458,461,463,464,466,467,469,472,
476,478,479,481,482,484,487,488,491,493,494,496,497,499,502,503,506,508,509,511,
512,514,517,518,521,523,524,526,527,529,532,533,536,538,539,541,542,544,547,548,551,
553,554,556,557,562,563,566,568,569,571,572,574,577,578,581,583,584,586,587,589,592,
593,596,598,599,601,604,607,608,611,613,614,616,617,619,622,623,626,628,629,631,632,
634,637,638,641,643,644

	UBS-11, UBS-12
	2,3,4,6,7,8,9,11,12,13,14,16,17,18,19,21,22,23,24,26,27,28,29,31,32,33,34,36,37,
38,39,41,42,43,44,46,47,48,49,51,52,53,54,56,57,58,59,61,62,63,64,66,67,68,69,
71,72,73,74,76,77,78,79,81,82,83,84,86,87,88,89,91,92,93,94,96,97,98,99,101,
102,103,104,106,107,108,109,111,112,113,114,116,117,118,119,121,122,123,124,126,
128,129,131,132,133,134,136,137,138,139,141,142,143,144,146,147,148,149,151,152,
153,154,156,157,158,159,161,162,163,164,166,167,168,169,171,172,173,174,176,177,
178,179,181,182,183,184,186,187,188,189,191,192,193,194,196,197,198,199,201,202,
203,204,206,207,208,209,211,212,213,214,216,217,218,219,221,222,223,224,226,227,
228,229,231,232,233,234,236,237,238,239,241,242,243,244,246,247,248,249,251,252,
253,256,257,258,259,261,262,263,264,266,267,268,269,271,272,273,274,276,277,278,
279,281,282,283,284,286,287,288,289,291,292,293,294,296,297,298,299,301,302,303,
304,306,307,308,309,311,312,313,314,316,317,318,319,321,322,323,324,326,327,328,
329,331,332,333,334,336,337,338,339,341,342,343,344,346,347,348,349,351,352,353,
354,356,357,358,359,361,362,363,364,366,367,368,369,371,372,373,374,376,377,378,
379,382,383,384,386,387,388,389,391,392,393,394,396,397,398,399,401,402,403,404,
406,407,408,409,411,412,413,414,416,417,418,419,421,422,423,424,426,427,428,429,
431,432,433,434,436,437,438,439,441,442,443,444,446,447,448,449,451,452,453,454,
456,457,458,459,461,462,463,464,466,467,468,469,471,472,473,474,476,477,478,479,
481,482,483,484,486,487,488,489,491,492,493,494,496,497,498,499,501,502,503,504,
506,507,509,511,512,513,514,516,517,518,519,521,522,523,524,526,527,528,529,531,
532,533,534,536,537,538,539,541,542,543,544,546,547,548,549,551,552,553,554,556,
557,558,559,561,562,563,564,566,567,568,569,571,572,573,574,576,577,578,579,581,
582,583,584,586,587,588,589,591,592,593,594,596,597,598,599,601,602,603,604,606,
607,608,609,611,612,613,614,616,617,618,619,621,622,623,624,626,627,628,629,631,
632,633,634


A.2 Simulation results
A.2.1  HUGE A
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Table 17. Bit interleaver performance for UAS-7 on TU3iFH (blue), TU3nFH (red) and HT100nFH (black).
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Table 18. Bit interleaver performance for UAS-10 on TU3iFH (blue), TU3nFH (red) and HT100nFH (black).
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Table 19. Bit interleaver performance for UBS-5 on TU3iFH (blue), TU3nFH (red) and HT100nFH (black).

[image: image4.png]0 00 0O 0 00OENND

10™F

¥314

135

13

125

12

115
[dB]

cO

105 11
Ci

10

95




Table 20. Bit interleaver performance for UBS-7 on TU3iFH (blue), 

TU3nFH (red) and HT100nFH (black).
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Table 21. Bit interleaver performance for UBS-9 on TU3iFH (blue), TU3nFH (red) and HT100nFH (black).

A.2.3  RED HOT A
Ffs.
A.2.4  RED HOT B
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