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1. Introduction

Currently there is a discussion about the two step rate matching approach. The focus is especially on the case when the 1st rate matching stage punctures due to limited UE memory and the 2nd rate matching stage performs repetition. Repetition occurs in the second stage, when the number of available channel bits within the TTI is higher than the UE virtual IR buffer capability. Our view is that the conjunction of puncturing in the first stage and repetition in the second stage should in fact occur only with more or less low repetition rates in the second stage. Otherwise a different coding scheme probably will be used. Anyhow the second rate matching stage can be further refined which is the aim of this text proposal for [1] and the working CR.

2. Calculation of rate matching parameters for the second stage

Theoretically from the performance point of view it is not reasonable to do first puncturing and after that repetition. But this can occur due to the limitation of UE buffer. Since puncturing in the first stage is done conform to R99 puncturing of turbo codes, only the parity bits are punctured and the systematic bits are transparent. The proportion of systematic to parity 1 and parity 2 bits after the first stage differs from 1:1:1 if puncturing is applied. However it was shown in simulations for R99 that not puncturing the systematic bits gives an improved performance. Figure 1 shows the two step rate matching approach described in [1].
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Figure 1: Two step rate matching (physical layer HARQ functionality)

For the buffer limited case the current second rate matching rule is not well-balanced and does not maintain the proportion between systematic and parity bits after first rate matching. The available number of repetition bits are simply subdivided equally to systematic, parity 1 and parity 2 bits. The outcome of this is, that the repetition rate is unequal for parity and systematic bits. To avoid that we propose to have equal repetition on all three bit streams of the channel rate matching.

In detail for 
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 repetition is performed in the second rate matching stage. To calculate the amount of repetition for the systematic, parity 1 and parity 2 bits we propose to use the following formula to calculate the number of systematic bits for transmission:
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5.5.2 Parameter of Second Rate Matching Stage (Channel Rate Matching) 

The parameters of the second rate matching stage depend on the value of the RV parameter s, which can take the value 0 or 1 to distinguish self-decodable (1) and non self-decodable (0) transmissions, and the RV parameter r (range 0 to rmax) which changes the initial error variable eini.  

Denote the number of bits before second rate matching as Nsys for the systematic bits, Np1 for the parity 1 bits, and Np2 for the parity 2 bits, respectively. The number of available physical channel bits per TTI is Ndata. Bit separation is used and the rate matching parameters are determined as follows. 
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, puncturing is performed in the second rate matching stage. The number of transmitted systematic bits in a retransmission is
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for a transmission of self-decodable type  (s = 1) and
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in the non self-decodable case, i.e., s = 0.
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 repetition is performed in the second rate matching stage. A similar repetition rate in all bit streams is achieved by setting the number of transmitted systematic bits to



[image: image9.wmf]ú

ú

û

ú

ê

ê

ë

ê

+

×

=

2

,

2

p

sys

data

sys

sys

t

N

N

N

N

N

.

The available room for parity bits in a transmission is:
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for the parity 1 and parity 2 bits, respectively.

Table 1 summarizes the resulting parameter choice for the second rate matching stage. The parameter a in Table 1 is chosen as in [2], i.e., a = 2 for parity 1 and a = 1 for parity 2.

Table 1. Parameters for Second Rate Matching Stage in case of puncturing
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The rate matching parameter eini (cf. subclause 4.2.7.5 of [2]) is calculated for each bit stream according to the eini variation parameter r using
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in the case of puncturing , i.e.,
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for repetition, i.e., 
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Note: Equations in this section needs to be verified.
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