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1 Introduction

A generic interleaver proposal, including two interleavers, was presented by Ericsson at GERAN#34, ‎[1]. An evaluation of the interleaver performance was presented at the GERAN Ad Hoc on RED HOT and HUGE in June, ‎[2], where one of the interleavers, the symbol interleaver, was used for data interleaving and the other one, the bit interleaver, for the header interleaving. 

To evaluate the interleaver further, attempts have been made to compare the performance with different interleavers. Since no other interleaver proposals exist for convolutional codes with code words with interleaving depth of 4 bursts, a comparison between the two interleavers proposed by Ericsson has been performed.

It was seen in the comparison that the performance of the symbol interleaver and the bit interleaver are very similar. In some scenarios the bit interleaver has superior performance to the symbol interleaver.

This document is trying to explain the performance of the symbol and bit interleaver and proposes the bit interleaver to be used in the search for interleavers for HUGE.
2 Interleaver proposal

An interleaver is used to even out the information quality in a code word. Error correcting codes typically perform better when bit qualities are as evenly spread out as possible. Several aspects have been taken into account when designing the interleavers (the interleaver formulas used are described in Section ‎A.1):

1. Spreading the bits between the bursts
Different bursts will typically have different channel qualities (due to fading and frequency hopping).

2. Spreading the bits within a burst 
The raw BER, in general, will be lower the closer the bit is to the training sequence (due to channel variations during the burst, especially at high speeds). There will also be a correlation in channel quality between bit positions within a burst.
3. Spreading the bit-positions within a symbol

For a certain modulation the bit positions within the burst usually have different raw BER (different decision regions) and it is thus important to spread weak and strong bit positions in the de-interleaved code word.
The symbol interleaver takes all three requirements into account while the bit interleaver uses only the first two requirements.
2.1 Difference between the two interleavers

The main difference between the two interleavers is that the symbol interleaver takes the spreading of strong and weak bit positions within a modulation symbol into account (requirement 3 above). However, by following this requirement, more constraints will be put on the possible interleaving patterns within a burst. 
For the bit interleaver each burst uses the same interleaving pattern. The pattern length is the same as the number of bits in the burst, see Figure 1.
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Figure 1. Bit interleaver.

Description of the bit interleaver

From the input word, the bits are evenly divided into the four bursts as indicated by the different colors of the bit positions in the input word. All bits within one burst is then interleaved according to an interleaver pattern
, which shape is dependent on a parameter ‘a’. In the figure above, the interleaver pattern is shown as 0,1,2…,8,9, which is solely a representation of the respective bit positions in the interleaver pattern and not the specific interleaver. For each burst the interleaver pattern is shifted to avoid consecutive bits in the deinterleaved word being from the same bit position in different bursts.

For the symbol interleaver the same interleaver pattern is used for all burst on symbol level and is shifted between the bursts. However, the length of the interleaver pattern is now reduced to the number of symbols per burst and the symbol pattern is repeated the number of times there are bits per modulation symbol. Although the exact pattern is not used in repetitions, since each symbol mapping will have a corresponding bit position, this will limit the number of possible interleaver patterns compared to the bit interleaver.

[image: image2]
Figure 2. Symbol interleaver. Example with 16QAM.

Description of the symbol interleaver

From the input word, the bits are evenly divided into the four bursts as indicated by the different colors of the bit positions in the input word. The symbols within one burst are then interleaved according to an interleaver pattern, which shape is dependent on a parameter ‘a’. In the figure above, the interleaver pattern is shown as 0,1,2,3 which is solely a representation of the respective symbols in the interleaver pattern and not the specific interleaver. The pattern is repeated a number of times equal to the number of bits per modulation symbol. For each burst the interleaver pattern is shifted to avoid consecutive bits in the deinterleaved word being from the same symbol in different bursts. For the repeated symbol patterns, each symbol is also represented by a bit position within that symbol. Since the pattern is repeated the number of bits per modulation symbol all bit positions are covered.
2.2 The symbol interleaver and 16QAM

A problem will arise when using the symbol interleaver, as it is described in Section ‎2.1. It is illustrated in the figure above where it can be seen that the strong (and weak) bits in each fourth of the deinterleaved word originates from only two of the bursts (assuming a four burst interleaving). For example, in the first fourth of the deinterleaved word there are only strong bits from burst 0 and burst 1, while there are only weak bits from burst 2 and burst 3. This systematic error only occurs for 16QAM since the number of bursts is the same as the number of bits per modulation symbol.
Modified symbol interleavers have been designed and evaluated for 16QAM, which improves performance compared to the one given in Figure 2. However, no interleaver has been found where there could be an optimal spread of strong and weak bits and at the same time an optimal spread between the bursts. One interleaver is shown in ‎Annex A where the spreading between the bursts is not optimal.

2.3 Bit interleaver vs. Symbol interleaver

From simulations it has been seen that the symbol interleaver and the bit interleaver perform very similar (if looking at the optimum interleaver pattern for each interleaver). In those cases where the performance differ the bit interleaver is usually superior in the order of < 0.1 dB, which can be seen from Figure 3. 
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Figure 3. UAS-10 with optimal symbol interleaver and bit interleaver on a TU3iFH channel with DTS-2 interference scenario.

This is believed to be due to the limited number of interleaver patterns for the symbol interleaver and the fact that the interleaver pattern, on symbol level, is repeated within each burst. To support this theory, simulations have been run with a static, non fading, channel where small gains have been shown by using the symbol interleaver, see Figure 4. In the simulations an unpunctured, 16QAM modulated MCS has been used. The unpunctured MCS was used to minimize any possible coupling between the puncturing and interleaving.
[image: image4.png]BLER

0.3162

0.25121-

0.19951

—Bit interleaver
—Symbol interleaver

10

1
10.05

10.1

1
10.15

10.2

L
10.25
E/N, [dB]

10.3

1 1
1035 104 1045

105




Figure 4. Unpunctured 16QAM modulation and coding scheme on a static channel.
On a static channel the correlation between bit positions in a burst is smaller than on a fading channel and thus the specific interleaver pattern should not be as important.

Below is a summary of the pros and cons of each interleaver:

Table 1. Comparison of the symbol interleaver and bit interleaver.

	Symbol interleaver
	Bit interleaver

	· Spreads the strong and weak bits optimally
· Put constraint on the block length to give an even number of symbols per burst
· Interleaver pattern repeated, number of bits per symbol, in each burst

· A solid structure reduces the number of different interleavers possible
· A solid structure reduces the number of different interleavers possible
	· Does not take strong and weak bits into account
· Does not impose a constraint on the block length in each burst.

· One interleaving pattern per burst

· The number of different interleavers possible increase approximately with a factor proportional to the number of bits per symbol compared to the symbol interleaver
· There are more interleavers possible than for the symbol interleaver, resulting in possibly a more flexible interleaver design


3 Conclusions

In this contribution the bit interleaver and symbol interleaver has been described. Also, some issues with the symbol interleaver have been raised when used with 16QAM modulation. 
From simulations it has been seen that the bit interleaver and symbol interleaver are very similar in performance but that the bit interleaver have somewhat better performance (<0.1 dB) in some scenarios. It is therefore proposed to use the bit interleaver in the search for new interleaver patterns for HUGE. The bit interleaver should also be considered for RED HOT.
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A.1 Interleaver descriptions

Table 2. Interleaver parameters.
	Parameter
	Value
	Description

	N
	-
	Total number of bits

	k
	0 – (N-1)
	Input data bit

	j
	-
	Output data bit

	b
	1-4
	Number of bursts in the radio block over which the code word is interleaved

	n
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	Bit number within burst

	B
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	Burst number.

	m
	
	Number of bits per modulation symbol

	L
	N/m
	Number of symbols per block

	a
	-
	Parameter with impact on the interleaver structure. Must not have a common factor with L/4.


A.1.1  Bit interleaver
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A.1.2  Symbol interleaver
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Annex B Modified symbol interleaver for 16QAM


[image: image12]
Figure 5. Modified symbol interleaver for 16QAM.
Compared to the interleaver in Figure 2 the spreading of the bursts are not optimal, and are now spread with the periodic distance 3,3,3,7 instead of 4,4,4,4. The change is needed in order to avoid the systematic behavior described in Section ‎2.2. 
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� The pattern basically consists of a modulus operation, taking the input word (i) of length (N) multiplying it with a parameter a to get the output word (o). o=mod(ai,N).
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