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Enhancement to two-stage Rate Matching Scheme for HS-DSCH

1.0 Introduction

The two stage rate matching is the agreed upon IR scheme for HS-DSCH.  It uses two stages of rate matching where the first stage is used to match the amount of coded bits to the UE buffering capability and the second stage is used to generate the different redundancy versions.  It may be noted that the first stage will be bypassed in case the UE has full buffering capability.  In this contribution, several enhancement to the current scheme is proposed and a scheme based on a simple bit distribution unit and symbol interleaver is found to provide the best performance.

2.0 Enhancement of the two-stage rate-matching scheme

The 3GPP HARQ scheme for HS-DSCH is shown in Figure 1.  This scheme is based on the rate-matching algorithm defined in [1].  The First Rate Matching block is used to adjust the number of available coded bits at the Node-B to the UE’s buffer size.  The Second Rate Matching block is then used to rate-match and select the set of coded bits for transmission, given the redundancy version selected.  Subsequently, these bits are mapped based on priority via the Bit Distribution unit, and interleaved via one or more R99 interleavers based on the modulation level.
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Figure 1. Current IR Scheme for HS-DSCH
In a scheme without the Bit Distribution unit the systematic bits followed by the parity bits are read into the channel interleaver in a serial fashion. In this case, the resulting QPSK or 16-QAM symbols will comprise mostly of systematic bits and /or parity bits.  This scheme will not work efficiently (for 16 QAM) since a symbol does not have a mix of systematic and parity bits.  In order to overcome this problem, a symbol should comprise of a proportional number of parity and systematic bits.  As such, an intermediate stage called the Bit Distribution unit has to be introduced to perform this multiplexing of the systematic and parity bits according to some rule followed by the channel interleaver.  

2.1 Bit Distribution Unit

The bit distribution unit performs bit priority mapping by assigning systematic bits to position of higher reliability in the constellation.  To achieve this a simple interleaver of size 
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 is used. The numbers of rows and columns are determined from:
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where M is the modulation size and N​trans is the number of coded and rate-matched bits to be transmitted.  Data is read into the interleaver row by row, and out of the interleaver column by column.  To perform priority mapping, the whole stream of systematic bits from the Turbo encoder is read in first, followed by alternating bits from the two parity streams.  Figure 2 illustrates the bit distribution process for 16-QAM using rate ½ code.  It may be noted that the alternating parity stream could be read from the bottom right hand corner of the interleaver so that systematic and parity bits does not come from the same symbol.
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Figure 2.  Bit Distribution Unit example for 16-QAM and R=1/2 code

2.2 Interleaver

Three interleaving options are considered in this paper, a) symbol interleaving, b) Up to two Rel-99 interleaver [3] and c) same as (b) but bits are read into the 2nd interleaver in a reverse order.

2.2.1 Symbol Interleaver
The symbol interleaver proposed is a symbol block interleaver of size 16x30.  The interleaving operation is identical to that described in [1], and outlined as follows.:

1. The input symbol sequence
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is read into the interleaver row by row starting with column 0 of row 0 and continuing on to column 30 of row 16 as shown below:
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2. Perform inter-column permutation using the following permutation pattern <0, 20, 10, 5, 15, 25, 3, 13, 23, 8, 18, 28, 1, 11, 21, 6, 16, 26, 4, 14, 24, 19, 9, 29, 12, 2, 7, 22, 27, 17>.

3. The output symbol is then read out column by column.

2.2.2 Up to 2 Rel-99 Interleaver

This scheme was proposed by Nokia in [3].  This scheme uses Rel-99 2nd interleaver of size 32x30 for QPSK modulation and 2 identical Rel-99 interleavers for 16-QAM modulation.  The bits from the two stage rate matching will be divided between the interleavers in a deterministic manner i.e, all even numbered bits go to interleaver one and all odd numbered bits go to interleaver two. The outputs of the interleavers are mapped to 16QAM symbols such that the output of first interleaver is mapped to the more reliable positions (i1 and q1) whereas the output of the second interleaver is mapped to the less reliable positions (i2 and q2). The scheme is reproduced in Figure 3.
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Figure 3. 2 Rel-99 Interleaver scheme

2.2.3 Modifications to Up to 2 Rel-99 Interleaver scheme

This scheme is similar to the two Rel-99 interleaver scheme except bits are read into the second interleaver (for 16-QAM) in a reverse order i.e. from the bottom right hand corner.

3.0 Numerical Results

Simulation results comparing the above three interleavers with the proposed bit distribution unit  paper were obtained using a symbol-level simulator for HSDPA. The results presented here assume ideal channel estimation and QPSK/16-QAM modulation.  The “s” and “r” parameters using R=1/2 and R=3/4 codes are chosen as per Table 1 and Table 2 respectively.  Figure 4 to Figure 5 compares the performance of the Rel-99 interleavers with the symbol interleaving approach for QPSK modulation using R=1/2 and R=3/4 code at 120 km/h.  It may be observed from the figures that the performance of the two interleavers are identical for QPSK modulation.  Figure 6 to Figure 9 shows the performance of the above three schemes for 16-QAM at 3/120 km/h and using R=1/2 and R=3/4 code.  It may be noted that the symbol interleaving scheme outperforms the two Rel-99 interleaver scheme under all conditions.   

Table 1. Parmeters for R=1/2 codes

	Transmission
	s
	r

	1
	1
	0

	2
	0
	1

	3
	1
	0

	4
	0
	1


Table 2. Parametrs for R=3/4 code

	Transmission
	s
	r

	1
	1
	0

	2
	0
	0

	3
	0
	1

	4
	1
	1
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Figure 4. Spectral Efficiency for N=480, R=1/2, QPSK, Fading (120 km/h).
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Figure 5. Spectral Efficiency for N=720, R=3/4, QPSK, Fading (120 km/h).
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Figure 6. Spectral Efficiency for N=960, R=1/2, 16-QAM, Fading (3 km/h).
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Figure 7. Spectral Efficiency for N=960, R=1/2, 16-QAM, Fading (120 km/h).
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Figure 8. Spectral Efficiency for N=1440, R=3/4, 16-QAM, Fading (3 km/h).

[image: image13.wmf]
Figure 9. Spectral Efficiency for N=1440, R=3/4, 16-QAM, Fading (120 km/h).

4.0 Conclusions.

Based on the simulation results, it is recommended to use the proposed bit distribution unit in conjunction with the symbol interleaver in order to maximize the efficiency of the two-stage rate matching scheme (if adopted).  The complete text proposal is given in a companion contribution.
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