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Puncturing schemes for RED HOT
1 Introduction

Turbo codes are agreed to be used for RED HOT in the downlink. In this contribution, some issues regarding puncturing for turbo coding specific to GERAN are highlighted and some puncturing strategies for various downlink coding schemes are proposed.
2 Incremental redundancy with turbo codes for GERAN

In GERAN so far, incremental redundancy (IR) has been possible with 2/3 different puncturing patterns (depending on the code rate) using convolutional codes. For IR to work, it is necessary to decode the header. If header decoding of the previous transmission fails, IR cannot be applied with the previously received bits. Also, it is possible that the receiver runs out of memory space to save the soft values of the previous blocks and in this case IR is not possible. In both cases, receiver will attempt the decoding of the received block without any IR combining. For this reason, it shall be guaranteed that:

a) Every transmission is self-decodable

b) Every transmission on its own has reasonable performance (performance close to the first transmission) 

So far, with Convolutional coding, both the requirements above are satisfied. However the situation with Turbo coding is different. Turbo codes depend on the existence of the systematic bits for decoding the block. The higher the number of the systematic bits, the better is the performance in general for most code rates (this is not true for very high code rates but this aspect is not treated here). Also it should be noted that if no systematic bits are sent in a given transmission then that transmission is not self-decodable in most cases irrespective of the channel quality. This behaviour is not inline with either a) or b) highlighted above. Hence care should be taken whilst designing the puncturing schemes for Turbo codes to guarantee the above.  It is apparent that Circular Buffer Rate Matching proposed in [2] is not compatible with the above rules.  In other words, using CBRM, it cannot be guaranteed that all the transmissions are self decidable with reasonable performance because CBRM always transmits systematic bits in the first transmission but not necessarily in subsequent transmissions (unless there is a wrap-around in the circular buffer). It should be noted that the in GERAN, the transmitter is not aware whether or not the previous transmission has been correctly received. Thus in almost all cases the subsequent transmission might also result in a decoding failure if no systematic bits are included in the transmitted block if the previous block was completely missed. This problem should be avoided. 
A simulation is performed for DBS-10 coding scheme to study the performance of the punctured turbo codes at various percentage of transmitted systematic bits. Note that the case of 0% systematic bits has not be shown here as this is likely to result in a block error in most cases anyway. The plot below shows the performance under TU3 idFH conditions and the % of systematic bits in the total number of transmitted bits per block is indicated in the legend. 
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Figure 1: DBS-10 Performance with various percentages of transmitted systematic bits
As can be seen from above simulation results, it is apparent that whilst the systematic turbo code (STC) which transmits all the systematic bits seem to have good performance, the partially systematic turbo codes (PSTC) with some systematic bits punctured seem to have poor performance. Note that the code rate of the simulated MCS is approximately 70%. It seems that when as few as 20% of all the systematic bits are transmitted, the performance is offset by almost 2.5 dB for 10% BLER and 4dB for 1% BLER. Such a large degradation is not in accordance to b) highlighted above. Hence, it is proposed that at least 30% of the transmitted bits in every transmission shall be systematic bits as a rule of thumb to ensure reasonable quality of decoding for every transmission irrespective of IR. 
Some basic rules for puncturing are highlighted in [1]. In addition to those rules, the following are proposed in addition for Turbo codes (RED HOT)
1. All transmissions shall contain at least 30% of systematic bits (makes all transmissions self-decodable  with reasonable performance)

2. If code rate < 2/3; after 2 transmissions, all the systematic and parity bits shall be transmitted at least once

3. If code rate > 2/3; after 3 transmissions, all the systematic and parity bits shall be transmitted at least once

4.  If rule number 1 above could be satisfied even when all systematic bits are transmitted in 1st transmission, then the 1st transmission shall transmit all systematic bits; otherwise, the 1st transmission could also be a PSTC (in this case as many systematic bits as feasible shall be sent in the first transmission).
3 Details of channel coding for RED HOT
In this section, a summary of number of systematic bits and parity bits that shall be included in each transmission for all the new MCSs for RED HOT in accordance with rules highlighted in the section 2 are given. 
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Table 1: RED HOT A coding schemes
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Table 2: RED HOT B coding schemes

Table 1 and Table 2 above show the details of coding for various RED HOT coding schemes. It can be seen that in most of the cases all the systematic bits could be sent in first transmission. However, the following coding schemes are now partially systematic for first transmission:
	Coding scheme
	Code rate
	% systematic bits in I transmission

	DAS-10
	0.63
	78

	DAS-12
	0.96
	51

	DBS-6
	0.63
	68

	DBS-8
	0.61
	82

	DBS-11
	0.90
	70

	DBS-12
	0.97
	45


Note that the code rate of the above coding schemes are all reasonably high and it is expected that PSTC has equal performance (if not better) as the systematic version of the corresponding coding scheme [4].

4 Initial puncturing patterns
The following puncturing patterns are proposed as a starting point for RED HOT. These puncturing patterns are derived in accordance with the numbers proposed in Table 1 and Table 2. The bits shown in green are transmitted whilst the bits in red are punctured. The bits shown in yellow are punctured in only some periods. 

4.1 RED HOT A

4.1.1 DAS-5
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For first transmission, the following bits are also punctured:
[19,169,319,469,619,769,919,1069,1219,1369]
For second transmission, the following bits are also punctured:

[20,170,320,470,620,770,920,1070,1220,1370]
4.1.2 DAS-6
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For first transmission, the following bits are not punctured:

[16,115,214,313,412,511,610,709,808,907,1006,1105,1204,1303,1402,1501,1600,49,379,742,1072,1435]
For second transmission, the following bits are not punctured:

[17,116,215,314,413,512,611,710,809,908,1007,1106,1205,1304,1403,1502,1601,50,380,743,1073,1436]

4.1.3 DAS-7
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For first transmission, the following bits are not punctured:

[35,542,1049,1556]

For second transmission, the following bits are not punctured:

[34,697,1360]

4.1.4 DAS-8
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For first transmission, the following bits are not punctured:

[20,371,722,1073]
For second transmission, the following bits are not punctured:

[10,361,712,1063]

4.1.5 DAS-9
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For first transmission, the following bits are not punctured:

[16,211,406,601,796,991,1186,1381,1576,55]

For second transmission, the following bits are not punctured:

[5,161,317,473,629,785,941,1097,1253,1409,1565,44]
For third transmission, the following bits are not punctured:

[8,164,320,476,632,788,944,1100,1256,1412,1568]

4.1.6 DAS-10
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For first transmission, the following bits are not punctured:

[20,371,722,1073]

For second transmission, the following bits are not punctured:

[10,361,712,1063]
4.1.7 DAS-11
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For first transmission, the following bits are not punctured:

[34,268,502,736,970,1204,1438,1672]

For second transmission, the following bits are not punctured:

[35,269,503,737,971,1205,1439,1673]
For second transmission, the following bits are not punctured:

[16,250,484,718,952,1186,1420,1654]

4.1.8 DAS-12

tbd
4.2 RED HOT B

4.2.9 DBS-5
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For first transmission, the following bits are not punctured:

[11,83,155,227,299,371,443,515,587,659,731,803,875,947,1019,1091,1163,1235,

1307,1379,29,389,749,1109]

For second transmission, the following bits are not punctured:

[10,82,154,226,298,370,442,514,586,658,730,802,874,946,1018,1090,1162,1234

,1306,1378,28,388,748,1108]

4.2.10 DBS-6
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For first transmission, the following bits are not punctured:

[9,252,495,738,981,1224,1467,1710;]
For second transmission, the following bits are not punctured:

[6,276,546,816,1086,1356,1626;]
4.2.11 DBS-7
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For first transmission, the following bits are not punctured:

[11 704]

For second transmission, the following bits are not punctured:

[10 703]

4.2.12 DBS-8
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For first transmission, the following bits are not punctured: 15

For second transmission, the following bits are not punctured: 

[12, 639, 1266]

4.2.13 DBS-9
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For first transmission, the following bits are not punctured:

[17,377,737,1097;]

For second transmission, the following bits are not punctured:

[2,362,722,1082;]

For third transmission, the following bits are not punctured:

[19,499,979;]

4.2.14 DBS-10
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For first transmission bit number 17 is not punctured.
For second transmission bit number 4 is not punctured

For third transmission bit number 26 is not punctured

4.2.15 DBS-11
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For first transmission, the following bits are not punctured:

[21 861]

For second transmission, the following bits are not punctured:

[15]

For third transmission, the following bits are not punctured:

[13,853]
4.2.16 DBS-12

tbd
5 Conclusion
It is proposed to make puncturing for Turbo codes in such a way that every transmission is self-decodable with reasonable performance. It has been proposed that all transmissions have at least 30% systematic bits to satisfy this condition.  Some initial puncturing schemes for RED HOT are also proposed.
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