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1
Introduction
Rate matching in R99, R5 and R6 involves several complicated stages of puncturing or repetition and bit-collection algorithms. 
For E-UTRA, we propose to simplify the algorithm using a circular buffer based structure. This document contains an outline of the algorithm and simulations comparing the performance with R6 vs. circular buffer based structure.
2
Circular Buffer
The output of the turbo encoder contains three elements:

· Systematic bits

· Parity 1 bits

· Parity 2 bits

The high level principles of a circular buffer based rate matching can be stated as follows:
· Collect systematic bits of all encoded blocks
· Interleave them together and denote them as set 1

· Collect parity 1 and 2 bits of all encoded blocks
· Interleave p1 bits together
· Interleave p2 bits together
· Create a new set called set 2 containing interleaved p1 and p2 bits in an alternating manner

· Transmit bits from set 1 first ( followed by bits from set 2
· Transmitted bits wrap around in the circular buffer

This is shown in Figure 1.
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Figure 1

Circular Buffer based Rate Matching
3
Simulations
3.1
Numerology

The link performance is evaluated using the following reference numerology.

	TTI
	1 ms

	Symbols / slot
	7

	Data symbols / slot
	6

	FFT
	512

	Guard tones per symbol
	212

	Channel
	AWGN

	Channel Estimation
	Ideal

	Turbo Interleaver
	QPP

	Code Rate
	Varied


Table 1

Numerology 

3.2
MCS Setup

To illustrate the differences between R6 and circular buffer based rate matching, the initial code rate is varied from 0.4028 to 0.75. 
	Modulation
	TB Size
	Initial Code Rate
	QPP 

Parameters
	Data Tones 

per symbol

	QPSK
	232
	0.4028
	{85, 58}
	24

	
	288
	0.5000
	{19, 36}
	

	
	384
	0.6667
	{23, 48}
	

	
	432
	0.7500
	{47, 72}
	

	
	480
	0.8333
	{89, 180}
	


Table 2

Candidate MCS

Up to three transmissions are allowed.
For R6 rate matching, the RV parameters are Xrv = {0, 1, 3}.

Figures 2 to 11 show the performance difference between circular buffer based and R6 rate matching.
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Figure 2

Code Rate = 0.4028

[image: image3.jpg]Throughput (kbps)

QPSK - Rate 0.40 - AWGN

250

200

150

100

50

—=<— Circular Buffer
—<— Release 6

0 Il T
-1 -0.5 0 05 1 1.5 2 25 3 35
Es/Nt per Antenna (dB)




Figure 3

Code Rate = 0.4028
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Figure 4

Code Rate = 0.5000
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Figure 5

Code Rate = 0.5000
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Figure 6

Code Rate = 0.6667
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Figure 7

Code Rate = 0.6667
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Figure 8

Code Rate = 0.7500
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Figure 9

Code Rate = 0.7500
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Figure 10

Code Rate = 0.8333
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Figure 11

Code Rate = 0.8333
4
Summary and Conclusions
Based on the results seen, we observe the following:

· For low code rates, there is almost no difference between circular buffer and R6 based rate matching

· As the code rate increases, circular buffer based rate matching performance is progressively better than R6
From a complexity viewpoint:

· R6 rate matching involves two interleavers

· Interleaver during HARQ bit collection

· Channel interleaver

· Circular buffer based rate matching involves just one interleaver during the HARQ bit insertion into the buffer

· There is no additional channel interleaver

Therefore, we propose to adopt a circular buffer based rate matching structure for E-UTRA.
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