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1 Introduction

This document is an update to the document submitted in the GERAN#35‎[3]. The updates made are such that the suggested algorithm is simplified and has been modified to support self decoding. Relevant changes are highlighted in yellow.
2 Rate Matching Algorithm

This section proposes the RM algorithm. Note that if Partially Systematic Turbo Codes is not employed and PAN not included, the 1st RV is left as described in 25.212, giving preference to the systematic bits in the 1st RV. 
2.1 MCS Parameter selection

The following parameters are defined for every MCS. 
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- percentage of systematic swap in the first RV
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 - number of bits before coding.
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 - number of bits after puncturing when PAN is not included.
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- number of bits after puncturing, when PAN is included.
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 - number of different redundancy version 

In Table 1 the parameters for the MCSs are summarized. In practice, the only new parameter is swap; all the other parameter values are already known from the MCS format.
Table 1: Rate Matching Parameters
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	DAS-5
	5%
	466
	1248
	1172

	DAS-6
	0%
	562
	1248
	1172

	DAS-7
	0%
	674
	1248
	1172

	DAS-8
	0%
	466
	832
	794

	DAS-9
	0%
	562
	832
	794

	DAS-10
	15%
	674
	1060
	1022

	DAS-11
	0%
	562
	700
	674

	DAS-12
	0%
	674
	700
	674

	DBS-5
	5%
	466
	956
	876

	DBS-6
	15%
	610
	956
	876

	DBS-7
	0%
	466
	996
	956

	DBS-8
	5%
	610
	996
	956

	DBS-9
	0%
	466
	656
	630

	DBS-10
	0%
	610
	833
	808

	DBS-11
	0%
	562
	620
	600

	DBS-12
	0%
	610
	620
	606


2.2 Rate Matching Loop Parameter set up
For DAS-5, DAS-6, DAS-7, DAS-8, DAS-10, DBS-5, DBS-6, DBS-7 and DBS-8, Sections ‎2.2.1 and ‎2.2.2 apply. For these MCSs, 
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For DAS-9, DAS-10, DAS-11, DAS-12, DBS-9, DBS-10, DBS-11 and DBS-12, Sections ‎2.2.1, ‎2.2.3 and ‎2.2.4 apply. For these MCSs, 
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The values of
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are included in Table 1 for convenience; these values are easily calculated on the basis of field sizes. 
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 column is used for all  cases. If the PAN field is included, extra bits are punctured in order to make available place for the PAN field, as described in Section ‎2.3.
2.2.1 1st  RV

Set the parameter values as
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2.2.2 2nd RV – Type 1
Set the parameter values as
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2.2.3 2nd RV – Type 2
Set the parameter values as
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2.2.4 3rd RV

Set the parameter values as in section ‎2.2.1, with swap = 30%.
2.3 PAN Parameters
If PAN is included, extra bits are punctured. Selection is using the rate matching with the following set of parameters.

Set 
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If PAN is not included, then set
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is the RV
If PAN is include set 
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is the RV
2.4 RM Loop Parameter Calculation

The parameters eplus and eminus are as defined in Table 2 using the previous parameters.

Table 2: Rate Matching Loop Parameters
	
	eplus
	eminus

	Systematic
RM S
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	Parity 1
RM P1_2
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	Parity 2
RM P2_2
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Also eini is calculated for each RV as
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Similarly, 
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, e2plus, e2minus and e2ini are calculated using 
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2.5 RM Loop

This section describes the rate matching loop. The operation of the loop is based on the parameter setup and calculation described in Sections ‎2.2, ‎2.3 and ‎2.4.

e = eini;

e2 = e2ini;

m=1;

while ( m <=  Nsys )

  if xor(TxVec(m),  ~flip)

    e = e - e_minus;

    if (e <= 0)

      puncture the bit

      e = e + e_plus;

    else

      e2 = e2 – e2_minus;

      if (e2 <= 0)

         puncture the bit

         e2 = e2 + e2_plus;

      endif,

    endif,

  else

    if (~flip)


      puncture the bit

    endif

  endif,

  m = m + 1;

end while

2.5.1 Determination If Bit was Transmitted

The vector TxVec is a reference vector used to indicate the 1st  RV generated with no PAN included, and is used to generate the 2nd  RV. Pay attention that the actual previous transmission may have actually been made with PAN included.
In the 1st and in the 3rd (if present) RVs, the vector is initialized to false for every m. 
For the 2nd RV, TxVec(m) for some m is 1 if bit m has been previously transmitted, based on the above loop on previous RVs without PAN. 
2.6 Implementation complexity 
The suggested algorithm loop is linear with the number of coded bits. In order to measure the implementation complexity of the algorithm, the number of ‘if’ operation per bit is evaluated compare to the 25.212 algorithm. In order to reduce the number of ‘if’ per bit one can implement loop for every flip value (total of 2 loops) and reduce the XOR and the last ‘if’. Further reduction can be done by implementing different loop for the first and third RV and the second RV. In the first and third RV the first ‘if’ can be avoided as the TxVec is a priori known to be empty. 

Generally speaking, the number of ‘if’ operations depends on the puncturing rate. The lower the code rate, the more ‘if’ operations required. For example, in rate 1/3, i.e., no puncturing, 2 ‘if’ per bit are required. On the other hand, in rate 1 only 4/3 ‘if’ operations per bit are required, compared to one ‘if’ operation in the 25.212 algorithm.
3 Summary

This paper has proposed a rate matching algorithm based for RED HOT. The algorithm proposed deterministically ensures completion of the mother Turbo code, and good distribution of Chase combined bits. Also the proposal has been updated to enable self decodability.
Simulation results for the proposed algorithm are presented in an accompanying document.
4 References

[1] GP-071263, “MCS design for RED HOT A,” source Telefon AB LM Ericsson, Nokia Corporation, Nokia Siemens Networks, Nokia, GERAN #35 Dublin.
[2] GP-071264, “MCS design for RED HOT B,” Nokia Siemens Networks, Nokia Corporation, Telefon AB LM Ericsson, GERAN #35 Dublin.
[3] GP-071251, “Rate Matching for RED HOT – an Update,” source Marvell, GERAN #35 Dublin.
[4] GP-071736, “Rate Matching for RED HOT - Simulation Results,” source Marvell
� The numbers shown was calculated as the bits after coding divided by 3.
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