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Puncturing patterns for RL-EGPRS
1 Introduction

At GERAN#34, a Change Request to TS 45.003 [1] for the introduction of Fast Ack/Nack Reporting was presented [2].
When transmitting the PAN (Piggy-backed Ack/Nack), some bits of the payload need to be punctured to make space for the PAN. In this paper, the size of the PAN is assumed to be 20 bits (plus optionally 5 bits for the TFI) [3], and the following numerology is assumed:

Table 1 – Number of Coded Bits per RLC/Mac Block Field

	Coding scheme
	Header bits (after puncturing)
	Header code rate
	PAN bits (after puncturing)
	PAN code rate

	Data bits (after puncturing, when PAN included)
	Data code rate (when PAN included)

	MCS-1
	68
	0.53
	48
	0.54
	324
	0.60

	MCS-2
	68
	0.53
	48
	0.54
	324
	0.75

	MCS-3
	68
	0.53
	48
	0.54
	324
	0.98

	MCS-4
	68
	0.53
	-
	-
	-
	-

	MCS-5
	100
	0.33
	76
	0.34
	1172
	0.40

	MCS-6
	100
	0.33
	76
	0.34
	1172
	0.52

	MCS-7
	124
	0.36
	72
	0.36
	2×576
	0.81

	MCS-8
	124
	0.36
	72
	0.36
	2×576
	0.98

	MCS-9
	124
	0.36
	-
	-
	-
	-


In determining the puncturing patterns for the case where the PAN is included, some of the principles that will be followed are (similarly to what is done in [4] for RED HOT and HUGE):

1. the puncturing scheme variants with PAN contain as a subset the respective puncturing scheme variants without PAN;
2. for every input bit, at least one of the encoded bits obtained from the three generator polynomials should be transmitted;
3. if possible, the combination of the puncturing scheme variants with PAN should still cover all encoded bits to make full use of the coding gain.
In practice, the first principle just states that we wish the codes without PAN and with PAN to exhibit the so-called rate-compatibility restriction [5].
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.

As an indication of the performance of the different punctured patterns, the free distance of the punctured codes has been derived. While it is known from coding theory that in order to derive the probability of error the whole distance spectrum of the code should be used, the free distance has been used as a quick measure to narrow down the possible options. Only the free distance of P1 has been investigated, because it is desirable to decrease the probability of error on the first transmission and also because it is expected that most of the times P2 will be combined with P1. As a reference, the free distance of the (not punctured) EGPRS convolutional code, whose generator polynomials can be expressed in the form [133, 171, 145], is 14. It is worth noting that when calculating the free distance, only the general pattern is taken into account, without considering those ‘irregular’ bits that are either punctured or not punctured to achieve the exact number of output bits required.
For the final decision as to which puncturing pattern to select for FANR, however, simulation results have been used.

2 Proposed puncturing patterns
2.1 MCS-1
For MCS-1, a message block is made up of 209 information bits: 3 bits USF + 28 bits header + 178 bits payload. For the payload, after convolutional encoding the following number of bits is obtained (12 bits are for the CRC, 6 are the tail bits):
(178+12+6)×3 = 588 bits

Given that 372 bits are available in a radio block for the transmission of the payload, 588‑372 = 216 bits are punctured. The code rate is 
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= 0.53.

The punctured bits form a pattern repeating with period 21, as shown in Figure 1.
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Figure 1 – Puncturing patterns for MCS-1 without PAN
Since 588 = 21×28, there are 28 such periods; in each period, 
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 bits are punctured, apart from 8 periods where only 7 are punctured; the bits that are not punctured are:
	P1
	P2

	  73 = 10 + 21 × 3
	  78 = 15 + 21 × 3

	136 = 10 + 21 × 6
	141 = 15 + 21 × 6

	199 = 10 + 21 × 9
	204 = 15 + 21 × 9

	262 = 10 + 21 × 12
	267 = 15 + 21 × 12

	325 = 10 + 21 × 15
	330 = 15 + 21 × 15

	388 = 10 + 21 × 18
	393 = 15 + 21 × 18

	451 = 10 + 21 × 21
	456 = 15 + 21 × 21

	514 = 10 + 21 × 24
	519 = 15 + 21 × 24


When the PAN is inserted, only 324 bits are available for the transmission of the payload, which means that an additional 48 bits need to be punctured. Given that 48 = 2×28–8, 2 extra bits per period need to be punctured, except for 8 periods where only 1 bit is punctured (they will be chosen as a different set of 8 periods from the ones above). So the patterns for the additional puncturing are such that the following additional coded bits are punctured:
	P1
	{C(a+21j), C(b+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4], [TBD5], [TBD6], [TBD7], [TBD8]} which are transmitted

	P2
	{C(c+21j), C(d+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4], [TBD5], [TBD6], [TBD7], [TBD8]} which are transmitted


When the PAN is inserted, the code rate is 
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= 0.60.

In order to satisfy rule 2, the bits to puncture should be chosen among those that appear in both P1 and P2; these are bits {0,3,6,12,18}. For example, we could puncture bits 6 and 18 in P1 and 0 and 12 in P2, which means a=6, b=18, c=0, d=12; the general pattern is shown in Figure 2, where the additional bits to be punctured for the inclusion of the PAN are shown in red.
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Figure 2 – Possible puncturing patterns for MCS-1 with PAN – Option 1
Figure 3 shows which generator polynomials of the convolutional code the punctured bits in each pattern derive from.
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Figure 3 – Possible puncturing patterns for MCS-1 with PAN – Option 1
For P1, the free distance of the original puncturing pattern is 8, which becomes 5 when the additional bits are punctured for the insertion of the PAN.

Other choices with respect to the one shown in Figure 2 are possible. For example, one possibility could be to swap the positions of the red bits between P1 and P2. In this case the free distance of P1 becomes 6, so it is expected that the performance would be better. The following alternative is also possible, for which a=3, b=12, c=6, d=18:
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Figure 4 – Possible puncturing patterns for MCS-1 with PAN – Option 2

Figure 5 shows which generator polynomials of the convolutional code the punctured bits in each pattern derive from.
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Figure 5 – Possible puncturing patterns for MCS-1 with PAN – Option 2
For this option, the free distance for P1 is also 6. Simulation results (see Figure 34 in Annex A) show that this option provides a slightly better performance than Option 1. Hence, this configuration is chosen for inclusion in the specifications.

The choice of the 8 bits to be transmitted is {C(12+21×j), j=1,4,7,10,17,20,23,26} for P1 and {C(18+21×j), j=1,4,7,10,17,20,23,26} for P2. Therefore, the additional bits to be punctured for the insertion of the PAN are:

	P1
	{C(3+21j), C(12+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 33,96,159,222,369,432,495,558} which are transmitted

	P2
	{C(6+21j), C(18+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 39,102,165,228,375,438,501,564} which are transmitted


2.2 MCS-2

For MCS-2, a message contains 226 bits of payload. After convolutional encoding, (226+12+6)×3 = 732 bits are obtained. Given that 372 bits are available in a radio block for the transmission of the payload, 732–372 = 360 bits are punctured. The code rate is 
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= 0.656.

The punctured bits form a pattern repeating with period 6, as shown in Figure 6.
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Figure 6 – Puncturing patterns for MCS-2 without PAN
Since 732 = 6×122, there are 122 such periods; in each period, 3 bits are punctured, apart from 6 periods where only 2 are punctured; the bits that are not punctured are:

	P1
	P2

	  57 = 3 + 6 × 9
	108 = 6 × 18

	171 = 3 + 6 × 28
	222 = 6 × 37

	285 = 3 + 6 × 47
	336 = 6 × 56

	399 = 3 + 6 × 66
	450 = 6 × 75

	513 = 3 + 6 × 85
	564 = 6 × 94

	627 = 3 + 6 × 104
	678 = 6 × 113


When the PAN is inserted, only 324 bits are available for the transmission of the payload, which means that an additional 48 bits need to be punctured. In this case, the coding rate is 
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= 0.75. The coding rate without PAN is very close to 
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 when the PAN is inserted. When the coding rate is greater than 
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, at least 3 puncturing patterns are needed to ensure that each coded bit appears at least once in one of the puncturing patterns [4]. Given that only 2 puncturing patterns are defined for MCS-2, this means that it is not possible to define the puncturing patterns for the case when the PAN is inserted in such a way that a coded bit appears at least once in one of the two puncturing patterns.

Given that 
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= 2.54, one extra bit needs to be punctured in 2 periods out of 5. Since 122 =
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×48+2, there will be 2 periods where no bits need to be punctured. For example, the first and the last period could be excluded from the additional puncturing; the remaining 120 periods are grouped into blocks of 5 periods, and in two of them 1 bit is punctured. Therefore, the patterns for the additional puncturing are such that the following additional coded bits are punctured:

	P1
	{C(a+30j), C(b+30j) for j = 0,1,...,23} are not transmitted

	P2
	{C(c+30j), C(d+30j) for j = 0,1,...,23} are not transmitted


In order to transmit at least one coded bit derived from each information bit, the only option is to puncture the first bit within a 6-bit period from P1 and the fourth bit within a 6-bit period from P2. However, there is a choice as to which periods to puncture in. A possible choice is a=18, b=30, c=9, d=27; this is shown in Figure 7, where the additional bits to be punctured for the inclusion of the PAN is shown in red.
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Figure 7 – Possible puncturing patterns for MCS-2 with PAN – Option 1
Alternative choices are a=6, b=18, c=15, d=27, which is shown in Figure 8, and a=18, b=30, c=15, d=27, which is shown in Figure 9.
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Figure 8 – Possible puncturing patterns for MCS-2 with PAN – Option 2
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Figure 9 – Possible puncturing patterns for MCS-2 with PAN – Option 3
Other options are also possible; for each option, bits derived from different generator polynomials may be punctured.
The free distance for the original puncturing pattern for P1 is 6, which reduces to 5 for Option 1, for Option 2 and for Option 3. Simulation results (see Figure 35 in Annex A) indicate that the performance of all the patterns shown above is comparable; hence, it is proposed to adopt Option 1 in the specifications.
In the options above, if the bits derived from G7 were punctured for P1 instead of the bits deriving from G4, the free distance would reduce to 4. Therefore, only patterns where bits deriving from G4 are punctured have been considered.
2.3 MCS-3
For MCS-3, 298 bits of payload are included in each message. After convolutional encoding, (298+12+6)×3 = 948 bits are obtained. Given that 372 bits are available in a radio block for the transmission of the payload, 948–372 = 576 bits are punctured. The code rate without the PAN is 
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= 0.85.

The punctured bits form a pattern repeating with period 18, as shown in Figure 10.
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Figure 10 – Puncturing patterns for MCS-3 without PAN
Since 948 = 52×18+12, there are 52 full 18-bit periods plus one partial period. In each period, 11 bits are punctured; plus, the following bits are not punctured:

	P1
	P2
	P3

	241 = 7 + 18 × 13
	121 = 13 + 18 × 6
	181 = 1 + 18 × 10

	475 = 7 + 18 × 26
	355 = 13 + 18 × 19
	289 = 1 + 18 × 16

	709 = 7 + 18 × 39
	589 = 13 + 18 × 32
	523 = 1 + 18 × 29

	936 = 18 × 52 (Note)
	938 = 18 × 52 + 2 (Note)
	811 = 1 + 18 × 45

	937 = 18 × 52 + 1 (Note)
	941 = 18 × 52 + 5 (Note)
	936 = 18 × 52 (Note)

	939 = 18 × 52 + 3 (Note)
	942 = 18 × 52 + 6 (Note)
	940 = 18 × 52 + 4 (Note)

	942 = 18 × 52 + 6 (Note)
	943 = 18 × 52 + 7 (Note)
	944 = 18 × 52 + 8 (Note)

	946 = 18 × 52 + 10 (Note)
	945 = 18 × 52 + 9 (Note)
	947 = 18 × 52 + 11 (Note)

	(Note) These are the bits from the patterns in Figure 10 punctured from the last partial period of 12 bits.


When the PAN is inserted, only 324 bits are available for the transmission of the payload, which means that an additional 48 bits need to be punctured. In this case, the coding rate is 
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= 0.96. We need to puncture 1 extra bit from all of the 52 periods, apart from 4 where no puncturing is done.

In order to satisfy rule 2, the bits to be punctured should be chosen among those that appear in more than one pattern. The only option (which satisfies also rule 1) is the one where the following additional coded bits are punctured:

	P1
	{C(18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4]} which are transmitted

	P2
	{C(6+18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4]} which are transmitted

	P3
	{C(12+18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4]} which are transmitted


This is shown in Figure 11, where the additional bits to be punctured for the inclusion of the PAN are shown in red.
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Figure 11 - Puncturing patterns for MCS-3 with PAN

This general pattern is also shown in Figure 12, where it is shown which generator polynomials the punctured bits derive from.
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Figure 12 – Possible puncturing patterns for MCS-3 with PAN
The free distance for P1 of the original pattern is 4, which reduces to 3 when the additional bit is punctured to make space for the PAN.

As for the positions of the 4 bits that are transmitted in P1, P2 and P3, it is proposed not to puncture the following bits:
· P1: {C(18×j), j=6,19,32,45}

· P2: {C(6+18×j), j=10,16,29,42}

· P2: {C(12+21×j), j=3,21,35,48}
Hence the final patterns are as follows:
	P1
	{C(18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = 108,342,576,810} which are transmitted

	P2
	{C(6+18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = 186,294,528,762} which are transmitted

	P3
	{C(12+18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = 66,390,642,876} which are transmitted


The performance of these patterns is shown in Figure 36.

2.4 MCS-4
Given that the coding rate for MCS-4 is 1, the PAN shall not be included when transmitting data using MCS-4.
2.5 MCS-5

For MCS-5, a message contains 450 bits of payload. After convolutional encoding, (450+12+6)×3 = 1404 bits are obtained. Given that 1248 bits are available in a radio block for the transmission of the payload, 156 bits are punctured. The code rate without the PAN is 
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The punctured bits form a pattern repeating with period 9, as shown in Figure 13. Since 1404 = 156×9, there are 156 such periods; in each period, only 1 bit is punctured.
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Figure 13 – Puncturing patterns for MCS-5 without PAN
Note that, although 1404 = 9×156, the following bits are not punctured:
	P1
	P2

	    47 = 2 + 9 × 5
	  136 = 1 + 9 × 15

	  371 = 2 + 9 × 41
	  460 = 1 + 9 × 51

	  695 = 2 + 9 × 77
	  784 = 1 + 9 × 87

	1019 = 2 + 9 × 113
	1108 = 1 + 9 × 123

	1388 = 2 + 9 × 154
	1387 = 1 + 9 × 154

	1397 = 2 + 9 × 155
	1396 = 1 + 9 × 155


but the following bits are punctured instead
	P1
	P2

	{C(1388+3j), for j = 0,1,...,5}
	{C(1387+3j), for j = 0,1,...,5}


When the PAN is inserted, a further 76 need to be punctured to make space for the PAN, so only 1172 bits are available for the transmission of the payload. When the PAN is inserted, the code rate is 
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= 0.40.
Given that 156 = 76×2+4, we need to puncture one extra bit in every other period except two. Many different options are possible, of the form:
	P1
	{C(a+18j) for j = 0,1,...,77} are not transmitted except {C(k) for k = [TBD1], [TBD2]} which are transmitted

	P2
	{C(b+18j) for j = 0,1,...,77} are not transmitted except {C(k) for k = [TBD1], [TBD2]} which are transmitted


Possible options are 1) a=5, b=14, 2) a=4, b=14 and 3) a=4, b=12; these patterns are shown in Figure 14, Figure 15 and Figure 16, respectively. In the two cases, the punctured bits are generated from different polynomials.
[image: image28.emf]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

P1 …

P2 …


Figure 14 – Proposed puncturing patterns for MCS-5 with PAN – Option 1
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Figure 15– Proposed puncturing patterns for MCS-5 with PAN – Option 2
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Figure 16 – Proposed puncturing patterns for MCS-5 with PAN – Option 3

The patterns are also shown in Figure 17, Figure 18 and Figure 19, which show which generator polynomials the punctured bits derive from.
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Figure 17 – Proposed puncturing patterns for MCS-5 with PAN – Option 1
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Figure 18 – Proposed puncturing patterns for MCS-5 with PAN – Option 2
[image: image33.emf]P1 P2

G4 G7 G5 G4 G7 G5

0 1 2 0 1 2

3 4 5 3 4 5

6 7 8 6 7 8

9 10 11 9 10 11

12 13 14 12 13 14

15 16 17 15 16 17

18 19 20 18 19 20

21 22 23 21 22 23

24 25 26 24 25 26

27 28 29 27 28 29

30 31 32 30 31 32

33 34 35 33 34 35

36 37 38 36 37 38

39 40 41 39 40 41

42 43 44 42 43 44

45 46 47 45 46 47

48 49 50 48 49 50

51 52 53 51 52 53

54 55 56 54 55 56

57 58 59 57 58 59

60 61 62 60 61 62

63 64 65 63 64 65

… … … … … …


Figure 19 – Proposed puncturing patterns for MCS-5 with PAN – Option 3
An analysis of the punctured codes reveals that, in the case of the general pattern for P1, the punctured code in Option 1 has a free distance of 10, while in Option 2 and Option 3 it has a free distance of 11. The free distance for the original pattern is 12.
Simulation results (see Figure 37 in Annex A) indicate that the performance of all three options is comparable. It is therefore proposed to adopt Option 2 in the specifications.
As for the two bits that need transmitting, it is chosen not to puncture the bits for j=77, because towards the end of the sequence every third bit is punctured in the main EGPRS pattern, so we want to avoid puncturing further in that area. As for the other bit, we can choose e.g. the bit for j=29 for P1 and the bit for j=34 for P2, which lie approximately halfway between bits that are not punctured in the main EGPRS pattern.
Hence the final patterns are as follows:

	P1
	{C(4+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 526} which is transmitted

	P2
	{C(14+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 626} which is transmitted


2.6 MCS-6

For MCS-6, a message contains 594 bits of payload. After convolutional encoding, (594+12+6)×3 = 1836 bits are obtained. Given that 1248 bits are available in a radio block for the transmission of the payload, 588 bits are punctured. The code rate without PAN is 
[image: image34.wmf]1248

612

= 0.49.
The punctured bits form a pattern repeating with period 3. There are 612 such periods, and in each period 1 bit is punctured. The general pattern is shown in Figure 20.
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Figure 20 – Puncturing patterns for MCS-6 without PAN
However, the following 612–588 = 24 bits are not punctured:
	P1
	P2

	{32+66j}, j=0,…,27, excluding the bits for j=5,11,17,23 which are punctured
	{16+66j}, j=0,…,27, excluding the bits for j=5,11,17,23 which are punctured


When the PAN is inserted, a further 76 need to be punctured for the insertion of the PAN, so that only 1172 bits are available for the transmission of the payload. In this case, the code rate is 
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= 0.52.
Since 612=76×8+4, we could puncture one extra bit in every 8th period. Many options are possible, for which the simplest form is:

	P1
	{C(a+24j) for j = 0,1,...,75} are not transmitted

	P2
	{C(b+24j) for j = 0,1,...,75} are not transmitted


One possible option is a=6, b=18; this pattern is shown in Figure 21.
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Figure 21 – Proposed puncturing patterns for MCS-6 with PAN – Option 1

Other options are possible, for example a=18, b=6; this pattern is shown in Figure 22.
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Figure 22– Proposed puncturing patterns for MCS-6 with PAN – Option 2
The original puncturing pattern for P1 has a free distance of 10; this reduces to 8 when the bits for the PAN are punctured.

Simulation results for the patterns above are shown in Figure 38 in Annex A. It is proposed to adopt Option 1 in the specifications. Hence the final pattern is as follows:

	P1
	{C(6+24j) for j = 0,1,...,75} are not transmitted

	P2
	{C(18+24j) for j = 0,1,...,75} are not transmitted


2.7 MCS-7

For MCS-7, a radio block contains two data blocks, each consisting of 450 bits. After convolutional encoding, (450+12+6)×3 = 1404 bits are obtained. Given that 612 bits are available in a radio block for the transmission of the payload, 792 bits are punctured. The coding rate without PAN is 
[image: image39.wmf]612
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= 0.76.

The punctured bits form a pattern repeating with period 18. There are 78 such periods, and in each period 10 bits are punctured. The general pattern is shown in Figure 23.
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Figure 23 – Puncturing patterns for MCS-7 without PAN
In addition to the bits from the general pattern, the following 12 bits are punctured:

	P1
	P2
	P3

	      1 = 1 + 18 × 0

    19 = 1 + 18 × 1

    37 = 1 + 18 × 2

  235 = 1 + 18 × 13

  415 = 1 + 18 × 23

  595 = 1 + 18 × 33

  775 = 1 + 18 × 43
  955 = 1 + 18 × 53

1135 = 1 + 18 × 63

1351 = 1 + 18 × 75

1369 = 1 + 18 × 76

1387 = 1 + 18 × 77
	    16 = 16 + 18 × 0

    34 = 16 + 18 × 1

    52 = 16 + 18 × 2

  196 = 16 + 18 × 10

  376 = 16 + 18 × 20

  556 = 16 + 18 × 30

  736 = 16 + 18 × 40
  916 = 16 + 18 × 50

1096 = 16 + 18 × 60

1366 = 16 + 18 × 75

1384 = 16 + 18 × 76

1402 = 16 + 18 × 77
	    13 = 13 + 18 × 0
    31 = 13 + 18 × 1
    49 = 13 + 18 × 2
  301 = 13 + 18 × 16
  481 = 13 + 18 × 26
  661 = 13 + 18 × 36
  841 = 13 + 18 × 46
1021 = 13 + 18 × 56
1201 = 13 + 18 × 66
1363 = 13 + 18 × 75
1381 = 13 + 18 × 76
1399 = 13 + 18 × 77


When the PAN is inserted, a further 36 need to be punctured from each of the two blocks for the insertion of the PAN, so that only 576 bits are available for the transmission of the payload. In this case, the code rate is 
[image: image41.wmf]576
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= 0.81.

Given that 78 = 36×2+6, we could puncture one extra bit in every other period, excluding six of them. For each puncturing pattern there are only 2 pair of bits in each period that could be candidates for the additional puncturing (encoded bits deriving from the same input bit but from different generator polynomials): {0,1} and {12,13} in P1, {3,5} and {16,17} in P2 and {6,7} and {12,13} in P3. In order to ensure that each encoded bit is present in at least one of the puncturing patterns, a possible choice for the bits to be punctured are bit 12 in P1, bit 5 in P2 and bit 6 in P3. Hence:

	P1
	{C(13+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3]} which are transmitted

	P2
	{C(5+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3]} which are transmitted

	P3
	{C(6+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3]} which are transmitted


This pattern is shown in Figure 24.
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Figure 24 – Proposed puncturing patterns for MCS-7 with PAN
In Figure 25, it is shown which generator polynomials of the convolutional code the punctured bits in each pattern derive from.
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Figure 25 – Proposed puncturing patterns for MCS-7 with PAN
The free distance for the general pattern for P1 is 6 when the PAN is not inserted, which reduces to 5 when the PAN is inserted.

Note that other options for the additional puncturing may be possible.
As for the bits not to be punctured, one possibility is to transmit the bits that fall in three of the periods where only 11 bits are punctured. For example, the following choice can be made:

· P1: {C(13+36×j), j=0,1,38}

· P2: {C(5+36×j), j=5,15,30}

· P2: {C(6+36×j), j=8,18,33}

Hence the final patterns are as follows:

	P1
	{C(13+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = 13,49,1381} which are transmitted

	P2
	{C(5+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = 185,545,1085} which are transmitted

	P3
	{C(6+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = 294,654,1194} which are transmitted


The performance results for these patterns are shown in Figure 39.

2.8 MCS-8

For MCS-8, a radio block contains two data blocks, each consisting of 546 bits. After convolutional encoding, (546+12+6)×3 = 1692 bits are obtained. Given that 612 bits are available in a radio block for the transmission of the payload, 1080 bits are punctured. The coding rate without PAN is 
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= 0.92.

The punctured bits form a pattern repeating with period 36. There are 47 such periods, and in each period 23 bits are punctured. The general pattern is shown in Figure 26.
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Figure 26 – Puncturing patterns for MCS-8 without PAN
In addition to the bits from the general pattern, the following bits are not punctured:

	P1
	P2
	P3

	845 = 36×23+17
	582 = 36×16+6
	1156 = 36×32+4


When the PAN is inserted, a further 36 need to be punctured from each of the two blocks for the insertion of the PAN, so that only 576 bits are available for the transmission of the payload. In this case, the code rate is 
[image: image46.wmf]576
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= 0.98.

We can puncture one extra bit in 36 out of the 47 periods. For each puncturing pattern, there is only 1 bit in each period that could be a candidate for the additional puncturing (i.e. encoded bits deriving from the same input bit but from different generator polynomials, and that appear in more than one puncturing pattern). We should puncture bit 2 in P1, bit 17 in P2 and bit 27 in P3. Hence:

	P1
	{C(2+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4], [TBD5], [TBD6], [TBD7], [TBD8], [TBD9], [TBD10], [TBD11]} which are transmitted

	P2
	{C(17+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4], [TBD5], [TBD6], [TBD7], [TBD8], [TBD9], [TBD10], [TBD11]} which are transmitted

	P3
	{C(27+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = [TBD1], [TBD2], [TBD3], [TBD4], [TBD5], [TBD6], [TBD7], [TBD8], [TBD9], [TBD10], [TBD11]} which are transmitted


The general pattern is shown in Figure 27.
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Figure 27 – Proposed puncturing patterns for MCS-8 with PAN
Let’s now consider the bits not to puncture. We need to choose 11 periods out of 47, which is approximately one in four. It is proposed not to puncture the following bits:
· P1: {C(2+36×j), j=1,5,9,13,17,21,25,29,33,37,41}

· P2: {C(17+36×j), j=2,6,10,14,18,22,26,30,34,38,42}

· P2: {C(27+36×j), j=3,7,11,15,19,23,27,31,35,39,43}
Hence the final patterns are:

	P1
	{C(2+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = 38,182,326,470,614,758,902,1046,1190,1334,1478} which are transmitted

	P2
	{C(17+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = 89,233,377,521,665,809,953,1097,1241,1385,1529} which are transmitted

	P3
	{C(27+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = 135,279,423,567,711,855,999,1143,1287,1432,1575} which are transmitted


2.9 MCS-9

Given that the coding rate for MCS-9 is 1, the PAN shall not be included when transmitting data using MCS-9.
3 PAN and data multiplexing

For MCS-1 to MCS-6, when multiplexing the (encoded and punctured) PAN and the (encoded and punctured) data before interleaving, the data is appended after the PAN:

[image: image48.emf] 

PAN  Data  

to interleaving  unit  


Figure 28
For MCS-7 and MCS-8, there are two data blocks per radio block; one possibility could be to add both data blocks after the PAN:
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Figure 29
However, due to issues with interleaving, it would be better to split the PAN in two halves, and combine with the data blocks as shown in Figure 30. This is useful especially for MCS-8, where the first half of the bits (which, when the PAN is not included, correspond to the first block) is mapped to the first two radio bursts and the second half of the bits (which, when the PAN is not included, correspond to the second block) is mapped to the last two radio bursts.
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Figure 30
With the arrangement in Figure 29, the bits of the PAN would be mapped only to the first two radio bursts; this would give an interleaving depth of 2 for the PAN, leading to a degraded performance (because of less frequency diversity). Moreover, part of the bits from Data 1 would be mapped to different pairs of bursts, as shown in Figure 31, thus effectively increasing the interleaving depth.
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Figure 31
This is likely to have negative impact also on the data performance (when the coding rate is high, as in the case of MCS-8, higher diversity leads to worse performance). With the arrangement shown in Figure 30, the interleaving depth for both data blocks is kept similar to what we have when the PAN is not inserted and at the same time the performance of PAN is improved.

In order to limit the number of header coding schemes in the specifications, one possibility could be to use the arrangement shown in Figure 30 also in the case of MCS-7, even though in this case the interleaving is over 4 bursts. However, the simulation results in Figure 32 show that in this case the performance for MCS-7 would be slightly worse.
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Figure 32
Hence, for MCS-7 the scheme in Figure 29 should be used.

It should be noted that splitting the PAN into two halves before interleaving as shown in Figure 30, although it increases the diversity, it only guarantees that each half of the PAN experiences an interleaving depth of 2. However, this is not equivalent to having an interleaving depth of 4 on the entire PAN block. To achieve an interleaving depth of 4 for PAN, it is proposed that the even bits are placed in the first half and the odd bits in the second half. This is the solution chosen in [6].
4 Puncturing patterns for PAN

As for the puncturing of the PAN, for MCS-1 to MCS-3 the following options have been simulated:
Option 1: 
The block of 78 coded bits is punctured in such way that the following coded bits {C(2+3j) for j = 0,1,...,25} as well as {C(k) for k = 7,25,43,61} are not transmitted

Option 2:
The block of 78 coded bits is punctured in such way that the following coded bits {C(2+3j) for j = 0,1,...,25} as well as {C(k) for k = 7,28,49,70} are not transmitted.

The reason for the different patterns is that for the PAN a tail-biting code is used; so, in the first pattern, coded bits generated by input bits that are used to set the initial state of the encoder are not punctured. Also, the last bits may contain the TFI, hence we wish those bits to be more protected. On the other hand, for Option 2 the four additional punctured bits are located uniformly.
The simulation results for the two patterns above are shown in Figure 33.
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Figure 33 – Simulation results for PAN
5 Conclusions

In this contributions, the puncturing schemes for RL-EGPRS when the PAN is included have been investigated. For some MCSs, two or more options have been proposed, whose performance has been simulated so as to determine the best one. The proposed coding schemes have been included in the revised Change Request to TS 45.003 contained in [6].

The analysis carried out so far has been based mainly on heuristic principles, and no thorough analysis of the codes resulting from the different puncturing options (e.g. to derive the distance properties of the codes, etc.) has been carried out. In deriving the simulations results, in the case of the BLER after two transmissions, it is assumed that a PAN is included in both transmissions; the performance for the case in which only one of the transmitted blocks contains a PAN has not been studied. Also, we have assumed that retransmissions are always with the same coding scheme; it has not studied what happens if the retransmissions use – for example – a lower MCS from the same family. It is therefore possible that the proposed patterns may not be the optimal ones (although any differences in performance are not expected to be major). If puncturing schemes with better performance are found at a later stage, the necessary changes to the specifications will be requested.
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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 (apart in the case of the reference performance of each coding scheme).
MCS-1
OPTION 1

	P1
	{C(6+21j), C(18+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 39, 102, 165, 228, 375, 438, 501, 564} which are transmitted

	P2
	{C(0+21j), C(12+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 21, 84, 147, 210, 357, 420, 483, 546} which are transmitted


OPTION 2

	P1
	{C(3+21j), C(12+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 33, 96, 159, 222, 369, 432, 495, 558} which are transmitted

	P2
	{C(6+21j), C(18+21j) for j = 0,1,...,27} are not transmitted except {C(k) for k = 39, 102, 165, 228, 375, 438, 501, 564} which are transmitted
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Figure 34 – Simulation results for MCS-1

MCS-2

OPTION 1

	P1
	{C(18+30j), C(30+30j) for j = 0,1,...,23} are not transmitted

	P2
	{C(9+30j), C(27+30j) for j = 0,1,...,23} are not transmitted


OPTION 2

	P1
	{C(6+30j), C(18+30j) for j = 0,1,...,23} are not transmitted

	P2
	{C(15+30j), C(27+30j) for j = 0,1,...,23} are not transmitted


OPTION 3

	P1
	{C(18+30j), C(30+30j) for j = 0,1,...,23} are not transmitted

	P2
	{C(15+30j), C(27+30j) for j = 0,1,...,23} are not transmitted
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Figure 35 – Simulation results for MCS-2

MCS-3

	P1
	{C(18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = 108,342,576,810} which are transmitted

	P2
	{C(6+18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = 186,294,528,762} which are transmitted

	P3
	{C(12+18j) for j = 0,1,...,51} are not transmitted except {C(k) for k = 66,390,642,876} which are transmitted
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Figure 36 – Simulation results for MCS-3

MCS-5

OPTION 1

	P1
	{C(5+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 527} which are transmitted

	P2
	{C(14+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 626} which are transmitted


OPTION 2

	P1
	{C(4+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 526} which are transmitted

	P2
	{C(14+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 626} which are transmitted


OPTION 3

	P1
	{C(4+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 526} which are transmitted

	P2
	{C(12+18j) for j = 0,1,...,76} are not transmitted except {C(k) for k = 624} which are transmitted
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Figure 37 – Simulation results for MCS-5

MCS-6

OPTION 1

	P1
	{C(6+24j) for j = 0,1,...,75} are not transmitted

	P2
	{C(18+24j) for j = 0,1,...,75} are not transmitted


OPTION 2

	P1
	{C(18+24j) for j = 0,1,...,75} are not transmitted

	P2
	{C(6+24j) for j = 0,1,...,75} are not transmitted
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Figure 38 – Simulation results for MCS-6

MCS-7

	P1
	{C(13+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = 13,49,1381} which are transmitted

	P2
	{C(5+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = 185,545,1085} which are transmitted

	P3
	{C(6+36j) for j = 0,1,…,38} are not transmitted except {C(k) for k = 294,654,1194} which are transmitted
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Figure 39 – Simulation results for MCS-7

MCS-8

	P1
	{C(2+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = 38,182,326,470,614,758,902,1046,1190,1334,1478} which are transmitted

	P2
	{C(17+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = 89,233,377,521,665,809,953,1097,1241,1385,1529} which are transmitted

	P3
	{C(27+36j) for j = 0,1,…,46} are not transmitted except {C(k) for k = 135,279,423,567,711,855,999,1143,1287,1432,1575} which are transmitted
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Figure 40 – Simulation results for MCS-8








































































































































































































































� In calculating the code rate for the PAN, the 6 bits for the CRC+TFI are added to the 20 bits; no tail bits are added as a tail-biting convolutional code is used for the PAN. So, for example for MCS-1 to MCS-3, the code rate is � EMBED Equation.3  ���=0.54.
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