3GPP TSG GERAN #35

GP-071239

August 27th – 31st, 2007

Source: Ericsson

Agenda item 7.1.5.3
3GPP TSG GERAN #35

GP-071239


Puncturing for HUGE
(Version 3)
1 Introduction

In this contribution puncturing patterns for HUGE are presented. Performance is evaluated by means of simulations. A comparison is made to circular buffer rate matching ‎[3] and to puncturing patterns proposed by Nokia Siemens Networks ‎[4] to the 6th telco on RED HOT/HUGE. Further, the complexity of fixed puncturing patterns and rate matching is discussed.
Previous versions of this contribution have been presented at telephone conferences on RED HOT and HUGE.

2 Puncturing pattern design principles
The HUGE channel coding is based on the same convolutional code as EGPRS, i.e., a rate 1/3 convolutional code defined by the following polynomials.
G4 = 1 + D2 + D3 + D5 + D6 


G7 = 1 + D + D2 + D3 + D6 

G5 = 1 + D + D4 + D6 
Good puncturing patterns have been found through computer search. To make computer search feasible, only periodic puncturing patterns are considered. The desired puncturing rate (here defined as the number of bits after puncturing divided by the number of bits before puncturing) is approximated by a fraction m/n, where n is the puncturing period and m<n. E.g., the desired puncturing rate for UAS-7 is 856/1404, which is approximated by 20/33. I.e., of 33 encoded bits, 20 are transmitted and the rest are punctured. The periodic pattern of length 33 is here denoted the basic pattern.
Usually, the approximation does not give the exact number of desired bits after puncturing. Therefore, during some puncturing periods, one bit less is punctured than in the basic pattern. This modified pattern is denoted an increased pattern.
For PAN insertion, additional bits must be punctured. To facilitate this, one bit (in some cases two) more than in the basic pattern is punctured in some puncturing periods. The pattern used for this is called the reduced pattern.

Both the basic patterns and the increased and reduced ones are found through exhaustive search of all possible patterns. The distance properties of the punctured code, and in particular the free distance (dfree), have been used as a criterion to find the puncturing patterns. 
3 Puncturing patterns
Table 1 and Table 2 show the coding and puncturing details of HUGE A and HUGE B, respectively ‎[1]
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‎[2]. Only data puncturing is considered in this contribution. Header puncturing is left for further study.
	MCS
	
	
	
	
	

	Input to convolutional encoder (+ tail)
	462(+6)
	526(+6)
	606(+6)
	462(+6)
	526(+6)

	Output from convolutional encoder
	1404
	1596
	1836
	1404
	1596

	Punctured bits w/o PAN
	548
	740
	980
	844
	1036

	Punctured bits w/ PAN
	587
	779
	1019
	870
	1062

	Transmitted bits w/o PAN
	856
	856
	856
	560
	560

	Transmitted bits w/ PAN
	817
	817
	817
	534
	534

	Number of puncturing patterns
	2
	2
	3
	3
	3


Table 1. Data coding/puncturing for HUGE A.

	MCS
	
	
	
	
	
	
	
	

	Input to convolutional encoder (+tail)
	462(+6)
	606(+6)
	462(+6)
	606(+6)
	462(+6)
	606(+6)
	558(+6)
	606(+6)

	Output from convolutional encoder
	1404
	1836
	1404
	1836
	1404
	1836
	1692
	1836

	Punctured bits w/o PAN
	416
	848
	376
	808
	732
	976
	1057
	1201

	Punctured bits w/ PAN
	496
	928
	416
	848
	760
	1192
	1077
	1221

	Transmitted bits w/o PAN
	988
	988
	1028
	1028
	672
	860
	635
	635

	Transmitted bits w/ PAN
	908
	908
	988
	988
	644
	832
	615
	615

	Number of puncturing patterns
	2
	2
	2
	2
	3
	3
	3
	3


Table 2. Data coding/puncturing for HUGE B.

3.1 UAS-7
The exact puncturing rate, 856/1404, is approximated with a basic periodic pattern of period 33 and rate 20/33. This results in a punctured block of 851 bits, i.e., five less than needed. An increased pattern with rate 21/33 is used at five equally spaced puncturing periods. The patterns for the first and second transmission are shown in Figure 2 and Figure 3, respectively.
When a PAN is inserted, the increased pattern is not used. Instead, a reduced pattern with rate 19/33 is used at equally spaced puncturing periods. 

The colour code in the figures is explained by the legend in Figure 1. Green denotes a bit that is always transmitted and red a bit that is always punctured. Yellow denotes a bit that is transmitted in the increased pattern but punctured otherwise. Blue denotes a bit that is punctured in the reduced pattern but transmitted otherwise.

	Colour
	Bit transmitted?

	
	Increased
	Basic
	Reduced

	Green
	Yes
	Yes
	Yes

	Blue
	Yes
	Yes
	No

	Yellow
	Yes
	No
	No

	Red
	No
	No
	No


Figure 1. Legend for puncturing pattern figures.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32

	Without PAN, the increased pattern is used so that the following 5 bits are not punctured:

[4  13  22  31  40]*33+10
With PAN, the reduced pattern is used so that the following 34 bits are punctured in addition:

[0  1  2  3  4  6  7  8  9  11  12  13  14  16  17  18  19  21  22  23  24  25  27  28  29  30  32  33  34  35  37  38  39  40]*33


Figure 2. Puncturing pattern for UAS-7, 1st transmission (dfree=8).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32

	Without PAN, the increased pattern is used so that the following 5 bits are not punctured:

[1  10  19  28  37]*33+24
With PAN, the reduced pattern is used so that the following 34 bits are punctured in addition:

[0  1  2  4  5  6  7  9  10  11  12  14  15  16  17  19  20  21  22  23  25  26  27  28  30  31  32  33  35  36  37  38  40  41]*33+4


Figure 3. Puncturing pattern for UAS-7, 2nd transmission (dfree=7).
3.2 UAS-8
The exact puncturing rate, 856/1596, is approximated with a periodic pattern of period 15 and rate 8/15. The basic pattern results in a punctured block of 852 bits, i.e., four less than needed. An increased pattern with rate 9/15 is used at four equally spaced puncturing periods.

When a PAN is inserted, the increased pattern is not used. Instead, a reduced pattern with rate 7/15 is used at 35 equally spaced puncturing periods. 

The pattern for the first transmission is shown in Figure 4.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 4 bits are not punctured:

[13  40  67  94]*15+9
With PAN, the reduced pattern is used so that the following 35 bits are punctured in addition:

[0  3  6  9  12  15  18  21  24  27  30  33  36  39  42  45  48  51  54  57  60  63  66  69  72  76  79  82  85  88  91  94  97  100  103]*15+5


Figure 4. Puncturing pattern for UAS-8, 1st transmission (dfree=6).

For the second transmission, the pattern in Figure 5 is proposed. The basic pattern results in a punctured block of 851 bits. An increased pattern with rate 9/15 is used at five equally spaced puncturing periods.

When a PAN is inserted, the increased pattern is not used. Instead, a reduced pattern with rate 7/15 is used at 34 equally spaced puncturing periods. 
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 5 bits are not punctured:

[8  31  54  77  100]*15+1
With PAN, the reduced pattern is used so that the following 34 bits are punctured in addition:

[1  4  7  10  13  16  19  22  25  28  31  34  38  41  44  47  50  53  56  59  62  65  68  71  74  77  80  83  86  89  92  95  98  101]*15+13


Figure 5. Puncturing pattern for UAS-8, 2nd transmission (dfree=6).
3.3 UAS-9
The exact puncturing rate, 856/1836, is approximated with a periodic pattern of period 15 and rate 7/15. This results in a punctured block of 856 bits. The pattern for the first transmission is shown in Figure 6.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	With PAN, the reduced pattern is used so that the following 39 bits are punctured in addition:

[0  3  6  9  12  15  18  21  25  28  31  34  37  40  43  47  50  53  56  59  62  65  69  72  75  78  81  84  87  91  94  97  100  103  106  109  112  116  119]*15+13


Figure 6. Puncturing pattern for UAS-9, 1st transmission (dfree=6).

For the second transmission, the pattern in Figure 7 is proposed. The basic pattern results in a punctured block of 857 bits. In addition, bit 2 is punctured in the last (non-integral) puncturing period (i.e., bit 1832 in the unpunctured code word), giving 856 transmitted bits.
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	With and without PAN, the reduced pattern is used so that the following bit is punctured in addition: 122*15+9
With PAN, the reduced pattern is used so that the following 39 bits are punctured in addition:

[1  4  7  10  13  16  19  23  26  29  32  35  38  41  44  48  51  54  57  60  63  66  70  73  76  79  82  85  88  92  95  98  101  104  107  110  114  117  120]*15+9


Figure 7. Puncturing pattern for UAS-9, 2nd transmission (dfree=5).

For the third transmission, the pattern in Figure 8 is proposed. The basic pattern results in a punctured block of 857 bits. In addition, bit 6 is punctured in the first puncturing period, giving 856 transmitted bits.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	With and without PAN, the reduced pattern is used so that the following bit is punctured in addition: 6

With PAN, the reduced pattern is used so that the following 39 bits are punctured in addition:

[2  5  8  11  14  17  20  24  27  30  33  36  39  42  46  49  52  55  58  61  64  68  71  74  77  80  83  86  89  93  96  99  102  105  108  111  115  118  121]*15+6


Figure 8. Puncturing pattern for UAS-9, 3rd transmission (dfree=6).
3.4 UAS-10
The exact puncturing rate, 560/1404, is approximated with a periodic pattern of period 18 and rate 7/18. The basic pattern results in a punctured block of 546 bits, i.e., 14 less than needed. An increased pattern with rate 8/18 is used at 14 equally spaced puncturing periods. The pattern for the first transmission is shown in Figure 9.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15

	G7
	1
	4
	7
	10
	13
	16

	G5
	2
	5
	8
	11
	14
	17

	Without PAN, the increased pattern is used so that the following 14 bits are not punctured:
[2  8  13  19  24  30  35  41  46  52  57  63  68  74]*18+7
With PAN, the reduced pattern is used so that the following 12 bits are punctured in addition:

[0  6  13  19  26  32  39  45  52  58  65  71]*18+0


Figure 9. Puncturing pattern for UAS-10, 1st transmission (dfree=4).

For the second transmission, the pattern in Figure 10 is proposed. The basic pattern results in a punctured block of 546 bits. An increased pattern with rate 8/18 is used at 14 equally spaced puncturing periods.
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15

	G7
	1
	4
	7
	10
	13
	16

	G5
	2
	5
	8
	11
	14
	17

	Without PAN, the increased pattern is used so that the following 14 bits are not punctured:
[4  10  15  21  26  32  37  43  48  54  59  65  70  76]*18+3
With PAN, the reduced pattern is used so that the following 12 bits are punctured in addition:

[2  8  15  21  28  34  41  47  54  60  67  73]*18+15


Figure 10. Puncturing pattern for UAS-10, 2nd transmission (dfree=4).

For the third transmission, the pattern in Figure 11 is proposed. The basic pattern results in a punctured block of 546 bits. An increased pattern with rate 8/18 is used at 14 equally spaced puncturing periods.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15

	G7
	1
	4
	7
	10
	13
	16

	G5
	2
	5
	8
	11
	14
	17

	Without PAN, the increased pattern is used so that the following 14 bits are not punctured:
[0  6  11  17  22  28  33  39  44  50  55  61  66  72]*18+1
With PAN, the reduced pattern is used so that the following 12 bits are punctured in addition:

[4  10  17  23  30  36  43  49  56  62  69  75]*18+12


Figure 11. Puncturing pattern for UAS-10, 3rd transmission (dfree=4).

3.5 UAS-11
The exact puncturing rate, 560/1596, is approximated with a basic periodic pattern of period 57 and rate 20/57. This results in a punctured block of 560 bits. Preliminary patterns for the first, second and third transmissions are shown in Figure 12, Figure 13 and Figure 14, respectively.
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30
	33
	36
	39
	42
	45
	48
	51
	54

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31
	34
	37
	40
	43
	46
	49
	52
	55

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32
	35
	38
	41
	44
	47
	50
	53
	56

	With PAN, the reduced pattern is used so that the following 26 bits are punctured in addition:

[0  1  2  3  4  5  6  7  8  9  10  11  12  14  15  16  17  18  19  20  21  22  23  24  25  26]*57+38


Figure 12. Puncturing pattern for UAS-11, 1st transmission (dfree=2).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30
	33
	36
	39
	42
	45
	48
	51
	54

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31
	34
	37
	40
	43
	46
	49
	52
	55

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32
	35
	38
	41
	44
	47
	50
	53
	56

	With PAN, the reduced pattern is used so that the following 26 bits are punctured in addition:

[0  1  2  3  4  5  6  7  8  10  11  12  13  14  15  16  17  18  19  20  21  22  24  25  26  27]*57+2


Figure 13. Puncturing pattern for UAS-11, 2nd transmission (dfree=2).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30
	33
	36
	39
	42
	45
	48
	51
	54

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31
	34
	37
	40
	43
	46
	49
	52
	55

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32
	35
	38
	41
	44
	47
	50
	53
	56

	With PAN, the reduced pattern is used so that the following 26 bits are punctured in addition:

[0  1  2  3  5  6  7  8  9  10  11  12  13  14  15  16  17  19  20  21  22  23  24  25  26  27]*57+18


Figure 14. Puncturing pattern for UAS-11, 3rd transmission (dfree=2).

3.6 UBS-5
The exact puncturing rate, 988/1404, is approximated with a periodic pattern of period 27 and rate 19/27. This results in a punctured block of 988 bits. The patterns for the first and second transmissions are shown in Figure 15 and Figure 16, respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26

	With PAN, the reduced pattern is used so that the following 80 bits are punctured in addition:

[0,…,51]*27 and [0  1  3  5  7  9  11  13  14  16  18  20  22  24  26  27  29  31  33  35  37  39  40  42  44  46  48  50]*27+10


Figure 15. Puncturing pattern for UBS-5, 1st transmission (dfree=10).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26

	With PAN, the reduced pattern is used so that the following 80 bits are punctured in addition:

[0,…,51]*27+16 and [0  2  4  6  8  10  12  13  15  17  19  21  23  25  26  28  30  32  34  36  38  39  41  43  45  47  49  51]*27+9


Figure 16. Puncturing pattern for UBS-5, 2nd transmission (dfree=9).
3.7 UBS-6
The exact puncturing rate, 988/1836, is approximated with a periodic pattern of period 15 and rate 8/15. This results in a punctured block of 980 bits for the first transmission and 979 bits for the second transmission. An increased pattern with rate 9/15 is used at 8 or 9 equally spaced puncturing periods. The patterns for the first and second transmissions are shown in Figure 17 and Figure 18, respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 8 bits are not punctured:
 [9  24  39  54  69  84  99  114]*15+9
With PAN, the reduced pattern is used so that the following 72 bits are punctured in addition: [0  1  3  5  6  8  10  11  13  15  17  18  20  22  23  25  27  28  30  32  34  35  37  39  40  42  44  45  47  49  51  52  54  56  57  59  61  62  64  66  68  69  71  73  74  76  78  79  81  83  85  86  88  90  91  93  95  96  98  100  102  103  105  107  108  110  112  113  115  117  119  120]*15+5



Figure 17. Puncturing pattern for UBS-6, 1st transmission (dfree=6).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 9 bits are not punctured:
 [2  17  32  47  62  77  92  107  122]*15+1
With PAN, the reduced pattern is used so that the following 71 bits are punctured in addition: [0  2  4  5  7  9  11  12  14  16  17  19  21  22  24  26  28  29  31  33  34  36  38  39  41  43  45  46  48  50  51  53  55  56  58  60  62  63  65  67  68  70  72  73  75  77  79  80  82  84  85  87  89  90  92  94  96  97  99  101  102  104  106  107  109  111  113  114  116  118  119]*15+13


Figure 18. Puncturing pattern for UBS-6, 2nd transmission (dfree=6).
3.8 UBS-7
The exact puncturing rate, 1028/1404, is approximated with a periodic pattern of period 33 and rate 24/33. This results in a punctured block of 1022 bits for the first transmission and 1021 bits for the second transmission. An increased pattern with rate 25/33 is used at 6 or 7 equally spaced puncturing periods. The patterns for the first and second transmissions are shown in Figure 19 and Figure 20, respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32

	Without PAN, the increased pattern is used so that the following 6 bits are not punctured:
[6  12  18  24  30  36]*33+20
With PAN, the reduced pattern is used so that the following 34 bits are punctured in addition: [0  1  2  3  5  6  7  8  10  11  12  13  15  16  17  18  20  21  22  23  25  26  27  28  30  31  32  33  35  36  37  38  40  41]*33+18



Figure 19. Puncturing pattern for UBS-7, 1st transmission (dfree=10).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21
	24
	27
	30

	G7
	1
	4
	7
	10
	13
	16
	19
	22
	25
	28
	31

	G5
	2
	5
	8
	11
	14
	17
	20
	23
	26
	29
	32

	Without PAN, the increased pattern is used so that the following 7 bits are not punctured:
[3  9  15  21  27  33  39]*33+26
With PAN, the reduced pattern is used so that the following 33 bits are punctured in addition: [0  1  3  4  5  6  8  9  10  11  13  14  15  16  18  19  20  21  23  24  25  26  28  29  30  31  33  34  35  36  38  39  40]*33+13



Figure 20. Puncturing pattern for UBS-7, 2nd transmission (dfree=10).
3.9 UBS-8
The exact puncturing rate, 1028/1836, is approximated with a periodic pattern of period 18 and rate 10/18. This results in a punctured block of 1020 bits. An increased pattern with rate 11/18 is used at 8 equally spaced puncturing periods. The patterns for the first and second transmissions are shown in Figure 21 and Figure 22, respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15

	G7
	1
	4
	7
	10
	13
	16

	G5
	2
	5
	8
	11
	14
	17

	Without PAN, the increased pattern is used so that the following 8 bits are not punctured:
[4  17  30  43  56  69  82  95]*18+17
With PAN, the reduced pattern is used so that the following 32 bits are punctured in addition: [0  3  6  9  12  15  19  22  25  28  31  35  38  41  44  47  51  54  57  60  63  66  70  73  76  79  82  86  89  92  95  98]*18+3


Figure 21. Puncturing pattern for UBS-8, 1st transmission (dfree=7).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15

	G7
	1
	4
	7
	10
	13
	16

	G5
	2
	5
	8
	11
	14
	17

	Without PAN, the increased pattern is used so that the following 8 bits are not punctured:
[8  21  34  47  60  73  86  99]*18+7
With PAN, the reduced pattern is used so that the following 32 bits are punctured in addition: [1  4  7  11  14  17  20  23  27  30  33  36  39  43  46  49  52  55  58  62  65  68  71  74  78  81  84  87  90  94  97  100]*18+15


Figure 22. Puncturing pattern for UBS-8, 2nd transmission (dfree=6).
3.10 UBS-9
The exact puncturing rate, 672/1404, is approximated with a periodic pattern of period 21 and rate 10/21. This results in a punctured block of 669 bits for the first transmission and 668 bits for the second and third transmissions. An increased pattern with rate 11/21 is used at 3 or 4 equally spaced puncturing periods. The patterns for the first, second and third transmissions are shown in Figure 23, Figure 24 and Figure 25 respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18

	G7
	1
	4
	7
	10
	13
	16
	19

	G5
	2
	5
	8
	11
	14
	17
	20

	Without PAN, the increased pattern is used so that the following 3 bits are not punctured:
 [16  33  50]*21+7
With PAN, the reduced pattern is used so that the following 25 bits are punctured in addition: [0  2  5  8  10  13  16  18  21  24  26  29  32  34  37  40  42  45  48  50  53  56  58  61  64]*21+9


Figure 23. Puncturing pattern for UBS-9, 1st transmission (dfree=6).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18

	G7
	1
	4
	7
	10
	13
	16
	19

	G5
	2
	5
	8
	11
	14
	17
	20

	The increased pattern is used so that the following 4 bits are not punctured:
 [4  21  38  55]*21+17
With PAN, the reduced pattern is used so that the following 24 bits are punctured in addition: [0  3  6  8  11  14  16  19  22  24  27  30  32  35  38  41  43  46  49  51  54  57  59  62]*21+20


Figure 24. Puncturing pattern for UBS-9, 2nd transmission (dfree=4).
	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18

	G7
	1
	4
	7
	10
	13
	16
	19

	G5
	2
	5
	8
	11
	14
	17
	20

	Without PAN, the increased pattern is used so that the following 4 bits are not punctured:
 [10  27  44  61]*21+10
With PAN, the reduced pattern is used so that the following 24 bits are punctured in addition: [1  4  7  9  12  15  17  20  23  25  28  31  33  36  39  41  44  47  49  52  55  57  60  63]*21+12


Figure 25. Puncturing pattern for UBS-9, 3rd transmission (dfree=6).
3.11 UBS-10
The exact puncturing rate, 860/1836, is approximated with a periodic pattern of period 15 and rate 7/15. This results in a punctured block of 857 bits, i.e., three less than needed. An increased pattern with rate 8/15 is used at three equally spaced puncturing periods. The patterns for the first, second and third transmissions are shown in Figure 26, Figure 27 and Figure 28, respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 3 bits are not punctured:
[10  51  92]*15+8
With PAN, the reduced pattern is used so that the following 25 bits are punctured in addition: [0  4  9  14  19  24  29  34  39  44  48  53  58  63  68  73  78  83  88  93  97  102  107  112  117]*15+1


Figure 26. Puncturing pattern for UBS-10, 1st transmission (dfree=6).

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 3 bits are not punctured:
[20  61  102]*15
With PAN, the reduced pattern is used so that the following 25 bits are punctured in addition: [1  6  11  16  21  26  31  35  40  45  50  55  60  65  70  75  79  84  89  94  99  104  109  114  119]*15+12


Figure 27. Puncturing pattern for UBS-10, 2nd transmission (dfree=5).

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12

	G7
	1
	4
	7
	10
	13

	G5
	2
	5
	8
	11
	14

	Without PAN, the increased pattern is used so that the following 3 bits are not punctured:
[30  71  112]*15+2
With PAN, the reduced pattern is used so that the following 25 bits are punctured in addition: [3  8  13  17  22  27  32  37  42  47  52  57  62  66  71  76  81  86  91  96  101  106  110  115  120]*15+9


Figure 28. Puncturing pattern for UBS-10, 3rd transmission (dfree=6).

3.12 UBS-11
The exact puncturing rate, 635/1692, is approximated with a periodic pattern of period 24 and rate 9/24. This results in a punctured block of 635 bits for the first and third transmission and 634 bits for the second transmission. An increased pattern with rate 10/24 is used at the puncturing period in the middle of the second transmission. The patterns for the first, second and third transmissions are shown in Figure 29, Figure 30 and Figure 31 respectively.

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21

	G7
	1
	4
	7
	10
	13
	16
	19
	22

	G5
	2
	5
	8
	11
	14
	17
	20
	23

	With PAN, the reduced pattern is used so that the following 20 bits are punctured in addition: [0  3  7  10  14  17  21  24  28  31  35  38  42  45  49  52  56  59  63  66]*24


Figure 29. Puncturing pattern for UBS-11, 1st transmission (dfree=4).

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21

	G7
	1
	4
	7
	10
	13
	16
	19
	22

	G5
	2
	5
	8
	11
	14
	17
	20
	23

	Without PAN, the increased pattern is used so that the following bit is not punctured:
35*24+3
With PAN, the reduced pattern is used so that the following 19 bits are punctured in addition: [2  5  9  12  16  19  23  27  30  34  37  41  44  48  51  55  58  62  65]*24+22


Figure 30. Puncturing pattern for UBS-11, 2nd transmission (dfree=4).

	Polynomial
	Puncturing pattern

	G4
	0
	3
	6
	9
	12
	15
	18
	21

	G7
	1
	4
	7
	10
	13
	16
	19
	22

	G5
	2
	5
	8
	11
	14
	17
	20
	23

	With PAN, the reduced pattern is used so that the following 20 bits are punctured in addition: [1  4  8  11  15  18  22  25  29  32  36  39  43  47  50  54  57  61  64  68]*24+9


Figure 31. Puncturing pattern for UBS-11, 3rd transmission (dfree=3).

3.13 UBS-12
Puncturing for UBS-12 is for further study. In the simulations in section ‎4, uniform puncturing patterns (similar to UTRAN rate matching) have been used.
4 Simulation results

In this section initial simulation results are presented for some of the proposed puncturing patterns. The link performance is compared to circular buffer rate matching proposed in reference ‎[1] (here denoted “CBRM v1”), circular buffer rate matching as proposed in reference ‎[5] (here denoted “CBRM v2”) and puncturing patterns proposed in ‎[4] (here denoted “NSN”).
4.1 Without incremental redundancy

Table 3 summarises the C/I at which a block error rate of 10% is achieved for the first transmission (puncturing pattern P1) on a TU3iFH channel. Table 4 and Table 5 show results for “Ericsson” and “CBRM v1” on TU3noFH and HT100noFH, respectively. Detailed simulation results can be found in ‎Annex A.
	MCS
	C/I at 10% BLER [dB]
	C/I gain at 10% BLER [dB]

	
	Ericsson
	Ericsson vs
CBRM v1
	Ericsson vs
CBRM v2
	Ericsson vs
NSN

	UAS-7
	17.7
	0.3
	0.0
	0.0

	UAS-8
	19.4
	0.4
	0.2
	0.1

	UAS-9
	21.5
	0.6
	0.8
	0.1

	UAS-10
	24.7
	1.1
	1.1
	0.1

	UAS-11
	27.7
	0.0
	0.4
	0.1

	UBS-5
	8.6
	0.1
	0.0
	-

	UBS-6
	11.2
	0.3
	0.2
	-

	UBS-7
	15.1
	0.1
	0.0
	-

	UBS-8
	17.9
	0.4
	0.2
	-

	UBS-9
	20.1
	0.4
	0.3
	-

	UBS-10
	23.9
	0.7
	0.6
	-

	UBS-11
	28.0
	0.3
	0.3
	-

	UBS-12
	29.0
	0.1
	0.5
	-


Table 3. C/I at 10% BLER for first transmission of HUGE, TU3iFH.
	MCS
	C/I at 10% BLER [dB]
	C/I gain at 10% BLER [dB]

	
	Ericsson
	Ericsson
vs
CBRM v1

	UAS-7
	21.8
	0.2

	UAS-8
	23.0
	0.1

	UAS-9
	23.9
	0.4

	UAS-10
	25.1
	0.4


Table 4. C/I at 10% BLER for first transmission of HUGE A, TU3noFH.

	MCS
	C/I at 10% BLER [dB]
	C/I gain at 10% BLER [dB]

	
	Ericsson
	Ericsson
vs
CBRM v1

	UAS-7
	20.8
	0.4

	UAS-8
	23.1
	0.5

	UAS-9
	26.2
	1.0

	UAS-10
	28.81)
	3.01)

	1) Measured at 20% BLER


Table 5. C/I at 10% BLER for first transmission of HUGE A, HT100noFH.

4.2 With incremental redundancy
In this section, throughput results with incremental redundancy are presented. Incremental redundancy is simulated for each MCS of HUGE A and B on a TU3iFH channel. Up to four transmissions of an RLC data block is allowed. The puncturing patterns proposed in this contribution are compared to CBRM and, for HUGE A, the fixed patterns proposed in ‎[4].
The difference in average throughput is summarised in Table 6. Detailed results can be found in ‎Annex B.
	MCS
	Average throughput gain [kbps]

	
	Ericsson vs
CBRM v1
	Ericsson vs
CBRM v2
	Ericsson vs
NSN

	UAS-7
	0.18
	0.01
	0.07

	UAS-8
	0.37
	0.17
	0.03

	UAS-9
	0.78
	0.96
	0.20

	UAS-10
	1.27
	1.25
	0.11

	UAS-11
	0.11
	0.70
	0.28

	UBS-5
	0.07
	0.01
	-

	UBS-6
	0.28
	0.17
	-

	UBS-7
	0.04
	-0.10
	-

	UBS-8
	0.49
	0.25
	-

	UBS-9
	0.65
	0.44
	-

	UBS-10
	1.46
	1.18
	-

	UBS-11
	0.47
	0.58
	-

	UBS-12
	0.05
	0.86
	-


Table 6. Average throughput gains with incremental redundancy, TU3iFH.
4.3 Discussion

All results consistently show that fixed puncturing patterns give better performance than CBRM. This is true with as well as without incremental redundancy, for both HUGE A and B and on all evaluated channel profiles. Only in one scenario – incremental redundancy with UBS-7 – is there a small gain of CBRM v2 compared to the fixed patterns.
Comparing the fixed patterns proposed by NSN with the fixed patterns in this contribution, there is a small benefit for the latter. The reason for this is likely that the distance spectrum, in addition to the free distance, has been used in the search for good puncturing patterns.
Comparing CBRM v1 with CBRM v2, the latter typically performs better, although there are some cases where the opposite is true.
5 Further optimisation of CBRM

Two versions of the circular buffer rate matching scheme have been evaluated –  as it was proposed at GERAN #34 and on the 7th telephone conference on RED HOT/HUGE. It may be possible to further optimise CBRM by careful design of the internal interleaver and/or bit grouping. However, as long as a general interleaver algorithm is used, it is unlikely that the resulting punctured codes will have good distance properties for all MCSs. To make the performance of CBRM comparable to that of optimised puncturing, the internal interleavers and/or the bit grouping would likely have to be optimised separately for each MCS.
6 Complexity aspects

The benefit of CBRM is claimed to be that storage of fixed puncturing patterns is avoided. It should be noted, however, that for the fixed patterns proposed here, it is an implementation choice whether to store the complete puncturing patterns or to derive them from the basic/increased/reduced puncturing patterns. For the latter option, the memory needed is very limited since the puncturing period is small for all proposed patterns. Calculation of the patterns is straightforward and the associated complexity is low.
For CBRM, there is also the implementation choice whether to derive equivalent puncturing patterns and store them, or to calculate what bits to transmit based on the internal interleavers and bit grouping. With the former option, the memory need will be the same as if fixed patterns are stored. With the latter option, the computational complexity will not be lower than if fixed puncturing is derived from the basic/increased/reduced puncturing patterns.
As a conclusion, neither the fixed puncturing patterns proposed here nor CBRM is expected to give a significant contribution to the computational complexity and memory needs of the HUGE transmitter/receiver.
7 Conclusions

Fixed puncturing patterns for HUGE have been proposed. The puncturing has been evaluated by means of simulations and compared to circular buffer rate matching and other, fixed, patterns proposed in ‎[4].
The results show that fixed, optimised puncturing patterns give better performance than CBRM, with as well as without incremental redundancy. There is also a small gain of the patterns proposed in this document compared to those proposed in ‎[4].

Complexity and memory aspects have been discussed. Neither fixed puncturing patterns nor CBRM has any significant advantage in this respect. Therefore, the decision should be taken based on performance results alone.
Considering the performance advantage of fixed puncturing patterns, it is proposed to agree on the working assumption that fixed, optimised puncturing patterns will be used for HUGE. Further, it is proposed that the puncturing patterns in this contribution be adopted.
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Annex A Detailed simulation results, no incremental redundancy
A.1 TU3 ideal FH
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Figure 32. UAS-7, first transmission, TU3iFH
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Figure 33. UAS-8, first transmission, TU3iFH
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Figure 34. UAS-9, first transmission, TU3iFH
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Figure 35. UAS-10, first transmission, TU3iFH

A.1.5  UAS-11
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Figure 36. UAS-11, first transmission, TU3iFH
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Figure 37. UBS-5, first transmission, TU3iFH
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Figure 38. UBS-6, first transmission, TU3iFH
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Figure 39. UBS-7, first transmission, TU3iFH
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Figure 40. UBS-8, first transmission, TU3iFH
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Figure 41. UBS-9, first transmission, TU3iFH
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Figure 42. UBS-10, first transmission, TU3iFH
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Figure 43. UBS-11, first transmission, TU3iFH
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Figure 44. UBS-12, first transmission, TU3iFH

A.2 TU3 no FH
Note: In the figure titles, the old MCS names are used. In the legend, “fixed” means the puncturing patterns proposed in this contribution, while “CBRM” means CBRM v1.
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Figure 45. UAS-7, first transmission, TU3noFH

A.2.2  UAS-8
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Figure 46. UAS-8, first transmission, TU3noFH

A.2.3  UAS-9

[image: image16.png]BLER

HCS-3-A, P1, TU3noFH

10°

10°

—&— Fixed
—<— CBRM

20

22
¢’ B
oo

24

26

28




Figure 47. UAS-9, first transmission, TU3noFH
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Figure 48. UAS-10, first transmission, TU3noFH

A.3 HT100 no FH

Note: In the figure titles, the old MCS names are used. In the legend, “fixed” means the puncturing patterns proposed in this contribution, while “CBRM” means CBRM v1.
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Figure 49. UAS-7, first transmission, HT100noFH
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Figure 50. UAS-8, first transmission, HT100noFH
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Figure 51. UAS-9, first transmission, HT100noFH
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Figure 52. UAS-10, first transmission, HT100noFH

Annex B Detailed simulation results, incremental redundancy

Below, two figures are shown for each MCS. The left figure shows the absolute throughput with the puncturing patterns proposed in this contribution (called “Ericsson” in the legends), with the patterns proposed by NSN at telco #6 (“NSN” in the legends) and with the two versions of circular buffer rate matching (called “CBRM v1” and “CBRM v2” in the legends).
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Figure 53. UAS-7 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 54. UAS-8 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 55. UAS-9 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 56. UAS-10 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 57. UAS-11 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 58. UBS-5 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 59. UBS-6 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 60. UBS-7 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 61. UBS-8 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 62. UBS-9 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 63. UBS-10 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 64. UBS-11 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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Figure 65. UBS-12 throughput with incremental redundancy, TU3 iFH. Left: Absolute throughput. Right: Throughput gains.
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