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PAN puncturing patterns for EGPRS and EGPRS-2 RL TBFs
1 Introduction

At GERAN#35, a Change Request to TS 45.003 [1] for the introduction of Fast Ack/Nack Reporting was agreed [2]. With respect to previous revisions of the CR, the size of the CRC for the PAN (Piggy-backed Ack/Nack) has been increased from 6 bits to 10 bits [3]; because of this, new puncturing patterns for the PAN need to be defined.
The PAN is composed of 20 bits (plus 5 bits of TFI). During the PAN coding, 10 bits of CRC are added (and the TFI is xor-ed with the last 5 bits of the CRC, thus not adding to the bit count). The resulting 30 bits are encoded using a tail-biting convolutional code with rate r=⅓, resulting in 90 coded bits. The same code as for the header is used, which in turn uses the same polynomials [G4, G7, G5] as the convolutional code for data.
The main objective in deriving the puncturing patterns is to distribute (where possible) the extra bits to be punctured as evenly as possible within the sequence of encoded bits.

In some cases, more than one option is proposed. For the final decision as to which puncturing pattern to select for FANR, simulation results have been derived (see Annex A).
2 Proposed puncturing patterns for EGPRS
The difference for the various coding schemes is the number of bits available for the transmission of the PAN. Table 1 shows the size of the PAN bits after puncturing.
Table 1 – Number of Coded Bits for the PAN
	Coding scheme
	PAN bits (after puncturing)
	PAN code rate

	MCS-1
	48
	0.63

	MCS-2
	48
	0.63

	MCS-3
	48
	0.63

	MCS-4
	-
	-

	MCS-5
	76
	0.39

	MCS-6
	76
	0.39

	MCS-7
	72
	0.42

	MCS-8
	72
	0.42

	MCS-9
	-
	-


2.1 MCS-1 to MCS-3
In this case, the final number of bits to be transmitted is 48; this means that 42 bits need to be punctured. The code rate
 is 
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In general, when the coding rate is greater than ½ the bits of the third polynomial (G5) are punctured first. This is because, as shown in [4], the code with r= ½ and K=7 using the polynomials [133, 171] is an ODS (Optimal Distance Spectrum) code; hence it is expected that this choice will lead to the best pattern.

The proposed puncturing pattern is shown in Figure 1 (the figure shows which generator polynomials of the convolutional code the punctured bits in each pattern derive from). The punctured bits form a pattern repeating with period 15.
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Figure 1 – Puncturing pattern for PAN for MCS-1 to MCS-3 – Option 1
For this case, the bits to be punctured for the PAN are:

	{C(15*j+2), C(15*j+4), C(15*j+5), C(15*j+8), C(15*j+10), C(15*j+11), C(15*j+14) for j = 0,1,...,5} are not transmitted


In [5], the best puncturing patterns for the rate ⅓ ODS code are investigated. This is the convolutional code whose generator polynomials – expressed in octal form – are [133, 165, 171]; on the other hand, the polynomials of the EGPRS PAN code are [G4 = 133, G7 = 171, G5 = 145], hence one of them is different. The free distance of the (unpunctured) EGPRS convolutional code is 14, whereas the free distance of the ODS code is 15.

From [5], the best puncturing pattern for our case
 is shown in Figure 2. Although the mother codes are slightly different, this pattern has been investigated as a second option for the PAN puncturing.
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Figure 2 – Puncturing pattern for PAN for MCS-1 to MCS-3 – Option 2

This corresponds to the following puncturing pattern:

	{C(15*j), C(15*j+2), C(15*j+4), C(15*j+6), C(15*j+7), C(15*j+10), C(15*j+13), for j = 0,1,...,5} are not transmitted


Simulation results for both patterns are shown in Annex A (see Figure 10). It can be seen that the performance of Option 2 is better than the performance of Option 1. Hence it is proposed to adopt the puncturing pattern of Option 2 in the specifications.
2.2 MCS-5 and MCS6
In this case, the final number of PAN bits to be transmitted is 76, so 14 bits need to be punctured. The code rate is 
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Even in this case, only bits from the third polynomial are punctured. Several puncturing patterns can be proposed as shown in Figure 3.
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Option 1                                                    Option2

[image: image7.emf]G4 G7 G5

0 1 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

           [image: image8.emf]G4 G7 G5

0 1 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


Option 3                                                     Option4
Figure 3 – Puncturing patterns for PAN for MCS-5 and MCS-6
Other options are also possible, in particular options where bits derived from different generator polynomials are punctured.
Simulation results for all patterns are shown in Annex A (see Figure 11). Although the performance of all options is comparable, Option 1 is the one that performs slightly better than the others. Hence it is proposed to adopt the puncturing pattern of Option 1 in the specifications:

	{C(6*j+5), C(6*j+50), for j = 0,1,...,6} are not transmitted


2.3 MCS-7 and MCS-8
In this case, the final number of PAN bits to be transmitted is 72, so 18 bits need to be punctured. The code rate is 
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The proposed puncturing pattern is shown in Figure 4 (the figure shows which generator polynomials of the convolutional code the punctured bits in each pattern derive from). The punctured bits form a pattern repeating with period 15.
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Figure 4 – Puncturing pattern for PAN for MCS7 and MCS-8 – Option 1
The puncturing pattern is as follows:

	{C(15*j+2), C(15*j+8), C(15*j+14), for j = 0,1,...,5} are not transmitted


An alternative pattern is the following:
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Figure 5 – Puncturing pattern for PAN for MCS7 and MCS-8 – Option 2
In this case the puncturing pattern is:

	{C(15*j+5), C(15*j+8), C(15*j+11) for j = 0,1,...,5} are not transmitted


Simulation results for both patterns are shown in Annex A (see Figure 12). It can be seen that the performance of Option 1 is better than the performance of Option 2. Hence it is proposed to adopt the puncturing pattern of Option 2 in the specifications.
3 Proposed patterns for EGPRS-2
For REDHOT and HUGE also, the PAN consists of 20 bits plus 10 bit CRC. The TFI is xor-ed with the last 5 bits of the CRC as in EGPRS. The resulting 30 bits of PAN are encoded using the same tail-biting convolutional code as for EGPRS. The punctured PAN length for various EGPRS-2 coding schemes is slightly different from EGPRS. This is shown in Table 2.
Table 2 – PAN Puncturing for EGPRS-2

	Coding scheme
	PAN bits (after puncturing)
	PAN code rate

	DAS 5-12
	78
	0.38

	DBS 5-8
	80
	0.38

	DBS 9-10
	78
	0.38

	DBS 11
	80
	0.38

	DBS 12
	56
	0.54

	UAS 7-11
	78
	0.38

	UBS 5-8
	80
	0.38

	UBS 9-10
	84
	0.36

	UBS 11-12
	80
	0.38


3.4 DAS 5-12

Here a total of 12 bits are punctured. This is 2 bits fewer than for MCS-5. Hence, the following pattern, which is derived from the best pattern simulated for MCS-5, is proposed for these coding schemes.
[image: image12.emf]G4 G7 G5

0 1 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


Figure 6 – Puncturing pattern for PAN for DAS 5-12

This corresponds to the following puncturing pattern:

	{C(6*j+5), C(6*j+50), for j = 0,1,...,6} are not transmitted; except for C(23) and C(68) which are transmitted.


DAS 5-7 use 8-PSK modulation and the header is coded exactly in the same way as MCS 5-6. Thus in theory an EGPRS mobile should be able to read the header in a DAS 5-7 transmission. Thus, in the case of Reduced Latency, an RL-EGPRS mobile would be able to understand whether or not a PAN is included in the transmission by reading the PANI bit in the header of a DAS 5-7 block. The encoded PAN itself for DAS 5-7 has 78 bits whereas for MCS-5 and MCS-6 the encoded PAN is only 76 bits long. However, an RL-EGPRS mobile should be able to read the 76 bits out of the 78 encoded PAN bits in a DAS 5-7 transmission and decode the PAN. In a similar manner, an RL-EGPRS-2 mobile shall also be able to decode a PAN in an MCS-5 or MCS-6 block by reading the 76 PAN bits, plus 2 additional bits. The presence of these two additional bits could increase the block error rate for the PAN; the performance in this latter case is for further study. The CR in [7] assumes this approach.
The alternative option to this would be to change the coded PAN bits in case of DAS 5-12 to 76 instead of 78. This would also mean that the 2 bits have to go elsewhere and one option could be to use 2 additional bits for data. This would change the working assumption about the number of bits for these DAS schemes from what had been agreed at GERAN#35 in [8]. Table 2 from [8] is presented here again with the proposed changes highlighted. 

Table 3. Modulation and coding schemes for RED HOT A.

	
	MCS
	DAS-5
	DAS-6
	DAS-7
	DAS-8
	DAS-9
	DAS-10
	DAS-11
	DAS-12

	
	Mod.
	8PSK
	16QAM
	32QAM

	
	Family
	B
	Ap
	Bp
	B
	Ap
	Bp
	Ap
	Bp

	
	Bitrate [kbps/TS]
	22.4
	27.2
	32.8
	44.8
	54.4
	65.6
	81.6
	98.4

	Header
	Type
	HT 2
	HT 1
	HT5
	HT4

	
	Size uncoded [bits]
	25
	38
	36
	50

	
	CRC [bits]
	8

	
	Size coded [bits]
	100
	136
	132
	152

	
	Code rate
	0.33
	0.34
	0.33
	0.38

	
	Code type
	Tail biting convolutional code of EGPRS

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	4
	4
	4
	4

	SF
	Size coded [bits]
	8
	8
	8

	USF
	Size coded [bits]
	36
	48
	60

	RLC data block
	# RLC data blocks
	1
	2
	2
	3

	
	Payload [octets]
	1x56
	1x68
	1x82
	2x56
	2x68
	2x82
	3x68
	3x82

	
	Size uncoded (including TI+E) [bits]
	1x450
	1x546
	1x658
	2x450
	2x546
	2x658
	3x546
	3x658

	
	CRC [bits]
	1x12
	2x12
	2x12
	3x12

	
	Tail [bits]
	3*
	3*
	3*
	3*
	3*
	3*
	3*
	3*

	
	Size coded with/without PAN [bits]
	1172/
1248
	1586/
1664
	2042/
2120
	2022/
2100

	
	# puncturing patterns
	2
	2
	2
	2
	3
	2
	3
	3

	
	Code rate with/without PAN
	0.40/
0.37
	0.48/
0.45
	0.58/
0.54
	0.59/
0.56
	0.71/
0.68
	0.66/
0.64
	0.84/
0.80
	1.00/
0.96

	
	Code type
	Rate matching turbo code according to UTRAN Spec.

	
	Interleaving depth [bursts]
	4
	4
	4
	4
	4
	4
	4
	2

	PAN
	Size uncoded [bits]
	20
	20
	20
	20
	20
	20
	20
	20

	
	CRC [bits]
	10
	10
	10
	10
	10
	10
	10
	10

	
	Size coded [bits]
	76
	76
	76
	78
	78
	78
	78
	78

	
	Code rate
	0.39
	0.39
	0.39
	0.38
	0.38
	0.38
	0.38
	0.38


* The number of tail bits for the turbo coded RLC blocks is 3 bits / constituent encoder according to 25.212

If this approach is preferred, then the puncturing pattern used for MCS-5 (shown in section 2.2) could be used also for DAS 5-7.
3.5 DBS 5-8

Here a total of 10 bits are punctured. This is 4 bits fewer than for MCS-5. Thus, again, the following pattern, derived from the best pattern for MCS-5, is proposed.
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Figure 7 – Puncturing pattern for PAN for DBS 5-8

This corresponds to the following pattern:

	C(11+j), C(17+j), C(23+j), C(32+j), C(41+j) are not transmitted for j = 0, 45


3.6 DBS 9-10

This is same as DAS 5-12. See section 3.1
3.7 DBS 11

Same as DBS 5-8. See section 0.

3.8 DBS 12

Here a total of 34 bits are punctured. This is 8 bits fewer than what is done for MCS-1. Hence, the best pattern from MCS-1 is reused with slight modification for this purpose. The following pattern is proposed.
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Figure 8 – Puncturing pattern for PAN for DBS-12
This corresponds to the following pattern:

	{C(15*j), C(15*j+2), C(15*j+4), C(15*j+7), C(15*j+10), C(15*j+13), for j = 0,1,...,5} are not transmitted; except C(15), C(45) which are transmitted.


3.9 UAS 7-11

Same as DAS 5-12. See section 3.1.

3.10 UBS 5-8

Same as DBS 5-8. See section 0.
3.11 UBS 9-10

A total of 6 bits are punctured. This is 8 fewer than are punctured for MCS-5. Hence the following pattern, derived from the best MCS-5 pattern, is proposed.
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Figure 9 – Puncturing pattern for PAN for UBS 9-10

This corresponds to the following pattern:

	{C(15*j+5) for j = 0,1,…5} are not transmitted


3.12 UBS 11-12

Same as DBS 5-8. See section 0.
4 Conclusions

In this contribution, the puncturing schemes for the PAN for RL EGPRS and RL EGPRS-2 have been investigated. For some MCSs, more than one option has been investigated, and their performance has been simulated so as to determine the best one. The proposed puncturing patterns have been included in the Change Request to TS 45.003 contained in [6] for EGPRS and [7] for EGPRS-2.
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Annex A – Simulation results
The results shown in this Annex have been derived for the TU3 iFH channel model. Also, RTTI configurations have been simulated.
MCS-1 to MCS-3
OPTION 1

	{C(15*j+2), C(15*j+4), C(15*j+5), C(15*j+8), C(15*j+10), C(15*j+11), C(15*j+14) for j = 0,1,...,5} are not transmitted


OPTION 2

	{C(15*j), C(15*j+2), C(15*j+4), C(15*j+6), C(15*j+7), C(15*j+10), C(15*j+13) for j = 0,1,...,5} are not transmitted
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Figure 10 – Simulation results for MCS-1 to MCS-3
MCS-5 and MCS-6
OPTION 1

	{C(6*j+5), C(6*j+50), for j = 0,1,...,6} are not transmitted


OPTION 2

	{C(6*j+2), C(6*j+47), for j = 0,1,...,6} are not transmitted


OPTION 3
	{C(6*j+2), C(6*j+53), for j = 0,1,...,6} are not transmitted


OPTION 4
	{C(5), C(8), C(17), C(20), C(29), C(32), C(41), C(50), C(59), C(62), C(71), C(74), C(83), C(86) } are not transmitted
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Figure 11 – Simulation results for MCS-5 and MCS-6
MCS-7 and MCS-8
OPTION 1

	{C(15*j+2), C(15*j+8), C(15*j+14) for j = 0,1,...,5} are not transmitted


OPTION 2

	{C(15*j+5), C(15*j+8), C(15*j+11) for j = 0,1,...,5} are not transmitted
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Figure 12 – Simulation results for MCS-7 and MCS-8







































































































































































































































� In calculating the code rate for the PAN, no tail bits are added as a tail-biting convolutional code is used.


� See Table B.123 (n=3, K=7, p=5), for R=5/8.
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