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1 Introduction

A bit interleaver, as described in ‎[1] was taken as a working assumptions for both RED HOT and HUGE at GERAN#35. 

The bit interleaver spreads the bits between the bursts over which the code word is interleaved and an interleaver pattern is used for each burst to spread the bits. The same interleaver pattern is used for all bursts and it can be optimized with regards to a parameter ‘a’.
Until now, only results for convolutional coded data, i.e. HUGE, has been evaluated, see ‎[2] and ‎[3] but the bit interleaver has also been proposed for turbo coding, i.e. RED HOT. 
In this document, the impact of ‘a’ on performance is shown for both convolutional codes and turbo codes. A way to find reasonably good ‘a’s for convolutional codes is proposed.
The document is identical to the one presented at the 2nd Ad Hoc on RED HOT and HUGE.
2 Simulation assumptions

Simulation assumptions used are shown in Table 1.

Table 1. Simulation asumptions
	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Hilly Terrain (HT)

	Terminal speed
	3 km/h (TU)

100 km/h (HT)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)

no (TU, HT)

	Interference/noise
	Co-channel (single antenna receiver)

DTS-2 (dual antenna receiver)

	Antenna diversity
	No (RED HOT)

Yes, IRC (HUGE)

	Equalizer
States


16QAM


32QAM
	DFSE

16

32

	Tx pulse shape
	Lin GMSK pulse (Normal Symbol Rate)

270 kHz Hanning windowed RRC1 (Higher Symbol Rate)

	Rx filter

  - Bandwidth
	RRC1 (NSR) / Han RRC (HSR)

   240 kHz (NSR)

   270 kHz (HSR)

	RRC rolloff
	0.3

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	Simulation length
	10000 radio block per simulation point for data performance, if not stated otherwise.

	Note 1: The 3 dB bandwidth of the RRC filter before windowing.


3 Finding an optimum ‘a’
For the bit interleaver there are a number of ‘a‘ parameters to be investigated limited by, and restricted not to have a common factor with, the number of bits allocated in each burst. 
The number of ‘a’ to be evaluated are approximately in the order of 200-300 for each MCS (the number varies a lot between MCSs). It has therefore been investigated if it is possible to make any conclusions on what criterion could be put on ‘a’.

It is assumed that if such a criterion could be found, it would point to a fraction of the span of the possible ‘a’s. Therefore, the possible ‘a’s for all simulations have been scaled from 0 to 1, called normalized ‘a’.
3.1 Convolutional encoder

For the convolutional encoder the performance of different ‘a’s for several MCSs for HUGE A and HUGE B has been fully evaluated, see ‎[2]. The BLER degradation from three different scenarios: TU3iFH, TU3nFH and HT100nFH, is seen in Figure 1 for UAS-7.
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Figure 1. BLERdeg of UAS-7 for channel scenarios TU3iFH, TU3nFH and HT100nFH.

It can be seen that there is clearly a correlation between the scenarios.

In Figure 2 the mean BLERdeg profile is shown for several HUGE MCSs. 
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Figure 2. Mean BLERdeg from MCSs: UAS-7, UAS-10, UBS-5, UBS-7, UBS-9.

It can be seen that UBS-7 has a very different profile compared to the other MCSs. This is due to an unfortunate spreading of the strong and weak bits. Where spikes occur in the profile there will be a block-like spread of strong and weak bits, i.e there will be a large number of weak bits followed by a large number of strong bits, which give rise to poor performance.

In Figure 3 the mean performance from the above graphs for UAS-7, UAS-10, UBS-5 and UBS-9 is calculated.
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Figure 3. Mean performance of UAS-7, UAS-10, UBS-5 and UBS-9. 

Also the fractions with denominators from 1 to 9 are shown. It can be seen that there are visible spikes at least up to X/9. For X/10 (not shown in the graph) no spikes are visible.
There are several conclusions to be drawn from these graphs:
1. Avoid having an ‘a’ close to a fraction of the maximum ‘a’
·    In general, the smaller the denominator of the fraction, the worse is the performance. The following fractions are listed in increased denominator: 
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 Choosing an ‘a’ close to a fraction can be seen as dividing the burst bits into #‘denominator’ sections and the interleaver is choosing one bit from each section. It is illustrated below for anorm = 1/3:


[image: image5]
2. The BLERdeg profile is quite symmetrical with regards to an=0.5.
·    Although no interleavers investigated are identical, the BLER degradation profile is quite symmetrical with respect to an=0.5. Since a mod-operation is also ‘reversed’ in a sense, it is not surprising.
3. Assert that strong and weak bits are evenly spread in the deinterleaved word.

3.1.1 Minimum interleaving depth
For MCSs with high code rates, minimum interleaving depth of each RLC block is sought. For blocks interleaved over 1 burst (UBS-11 and UBS-12) similar profiles as above can be seen, see Figure 4.
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Figure 4. BLERdeg of UBS-11 for channel scenarios TU3iFH, TU3nFH and HT100nFH.

For MCSs interleaved over 1 ⅓ burst it has been chosen not to take into account the different burst over which the word is interleaver, i.e. use interleaving depth 1 in the bit interleaver formula. Similar BLERdeg profile can be seen also for these MCSs as shown in Figure 5. The relative magnitude of the ‘spikes’ are different and additional, but the general shape of the profile is kept.
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Figure 5. BLERdeg of UBS-11 for channel scenarios TU3iFH, TU3nFH and HT100nFH.
3.2 Turbo encoder

The performance of the turbo coded MCSs has also been evaluated with the bit interleaver. For turbo codes the dependence of ‘a’ is not as strong as for convolutional codes. Figure 6 shows the deviation from the mean BLER for DBS-9.
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Figure 6. BLERdeg for DBS-9 in channel scenarios TU3iFH, TU3nFH and HT100nFH (40000 radio blocks).

It can be seen that the difference in performance between different ‘a’s is very small compared to convolutional codes. There is a correlation between the different channel scenarios, but it does not show as strong correlation as for convolutional codes. It can be seen that there is a significant degradation when choosing a very small or very large ‘a’. However, the standard deviation using 0.05<anorm<0.95 is < 0.001 BLER.
In Figure 7 the mean BLERdeg of all RED HOT A MCSs with interleaving depth 4 is shown. The mean profiles of all MCSs are also shown (the mean profile from Figure 3 is included as a reference).
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Figure 7. Mean BLERdeg from MCSs: DAS-5, DAS-8, DAS-10, DAS-11.

It can be seen that the mean BLERdeg for the turbo coded MCSs is in general smaller than the BLERdeg for convolutional codes. The correlation between the different profiles is seen to be small except that BLERdeg is increased the closer ‘anorm’ is to 0 or 1 (larger degradation the higher code rate of the MCS).

4 Discusssion

From the above analysis it has been seen that the worst performing ‘a’s of the convolutional encoder is with a normalized ‘a’ close to a fraction with denominator <10. Since there is a strong correlation between the different BLERdeg profiles of different convolutionally encoded MCSs it should be possible to use the same interleaver for different MCSs with the same header type and interleaving depth.

In general there is a lower BLERdeg for turbo codes than for convolutional codes. Also, the strong correlation in BLERdeg between different MCSs is not seen. Thus, if an optimized performance is sought, one interleaver per MCS could be considered. However, the difference in performance is fairly small comparing different ‘a’s (standard deviation < 0.1 % BLER @ 10 % target BLER has been seen). Thus, the trade off between possible performance gain and increased complexity should be considered.

5 Conclusions
The performance of the bit interleaver, as proposed in ‎[1], has been evaluated using both convolutional codes and turbo codes. Based on the results it is proposed to use the same interleaver for all MCS using the same header type and interleaving depth both for RED HOT and HUGE.
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