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1 Introduction

In this document interleavers are proposed for both RED HOT and HUGE data and headers.
The paper is identical to the one presented at the 9th telephone conference on RED HOT and HUGE.
2 Interleaver design

The interleaver used is a bit interleaver as described in ‎[3]. In short terms, the interleaver spreads the bits evenly between the bursts over which the word is interleaved. An interleaver pattern, dependent on a parameter ‘a’, is used to interleave the bits within each burst.

2.1 Parameter ‘a’

The possible values of the parameter a is limited by the number of bits in each burst. Also, the parameter may not have a common factor with the number of bits in each burst. 
3 Performance evaluation

The interleaver mappings have been evaluated in three different scenarios in order to evaluate the bit interleaver in different diversity and channel quality conditions:

1. TU3iFH – Evaluates the spreading of the bits between the bursts, since the channel qualities will be uncorrelated between the bursts.
2. TU3nFH – Evaluates the impact of having minimal diversity between the bursts.
3. HT100nFH – Evaluates the spreading of bits within a burst since the high speed will cause noticeable degradation of the channel estimate the longer from the training sequence a bit is placed.
The working point of the data is assumed to be approximately 10 % BLER. Thus, the target BLER for the data simulations is 10 % BLER. For the header evaluations a target BLER of 5 % has been used.
The interleavers have been evaluated with a mean calculation over the BLER degradation (in % BLER from the best performing a) for the three different scenarios. Only one C/I has been simulated per channel scenario and MCS. It is assumed that the same interleaver relations are valid across the interesting C/I-range. 
4 Results
4.1 Simulation assumptions

The simulation assumptions are shown in Table 1.

Table 1. Simulation assumptions.
	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 blocks per simulation point for data performance.

20000 radio blocks per simulation point for header performance.

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


4.2 Simulation results
From simulations, the following ‘a’ were found to be optimum

4.3 HUGE

4.3.1 Data

Table 2. Optimized interleavers for HUGE.
	HUGE MCS
	Interleaving 

depth [bursts]
	a

	UAS-7, UAS-8, UAS-9
	4
	187

	UAS-10
	4
	173

	UAS-11
	1 1/3
	359

	UBS-5, UBS-6
	4
	108

	UBS-7, UBS-8
	4
	403

	UBS-9
	4
	229

	UBS-10
	4
	179

	UBS-11, UBS-12
	1
	177


4.3.2 Header

Table 3. Optimized interleavers for HUGE headers.
	HUGE MCS
	Interleaving 

depth [bursts]
	a

	UAS-7, UAS-8, UAS-9
	4
	23

	UAS-10, UAS-11
	4
	25

	UBS-5, UBS-6
	4
	23

	UBS-7, UBS-8
	4
	29

	UBS-9
	4
	33

	UBS-10
	4
	29

	UBS-11, UBS-12
	4
	49


4.4 RED HOT

4.4.1 Data
Table 4. Optimized interleavers for RED HOT.
	RED HOT MCS
	Interleaving 

depth [bursts]
	a

	DAS-8, DAS-9
	4
	199

	DAS-10
	4
	301

	DAS-11
	4
	47

	DAS-12
	1 1/3
	129

	DBS-5, DBS-6
	4
	173

	DBS-7, DBS-8
	4
	325

	DBS-9
	4
	283

	DBS-10
	4
	323

	DBS-11, DBS-12
	1
	141


4.4.2 Header
Table 5. Optimized interleavers for RED HOT headers.
	RED HOT MCS
	Interleaving 

depth [bursts]
	a

	DAS-8, DAS-9
	4
	23

	DAS-10
	4
	7

	DAS-11, DAS-12
	4
	3

	DBS-5, DBS-6
	4
	10

	DBS-7, DBS-8
	4
	5

	DBS-9
	4
	17

	DBS-10
	4
	19

	DBS-11, DBS-12
	4
	3


5 Discussion

Simulation results on the data and header interleaver performance have been presented for both levels of HUGE and RED HOT. 

The simulations have been performed in three scenarios to cover different channel characteristics. The lowest MCS for each header type has been simulated. 
Convolutional codes
For convolutional codes the same interleaver is proposed to be used for all MCS with the same header type and interleaving depth. Thus, no correlation between the puncturing and the interleaving is assumed. This seems to be a valid assumption if looking at the BLERdeg profile presented in ‎[5] where very similar profiles are shown irrespective of MCS (assuming the same interleaver depth).
Turbo codes

For turbo codes the variance in the BLER degradation is much smaller. This is believed to be mainly due to the internal interleaver in the turbo encoder/decoder. The only noticeable degradation is seen with very small or very large ‘a’ (~ no interleaving). There seems to be some correlation between the puncturing and interleaving, see ‎[5], but it has little impact on the overall performance. It is therefore suggested to use the same interleaver for each header type and interleaving depth also for turbo codes 

6 Conclusions

Interleavers have been proposed for both data and header for both levels of RED HOT and HUGE. 

Interleaver optimization has been performed with a bit interleaver, as proposed in ‎[3]. The interleavers have been evaluated in three different scenarios: TU3iFH, TU3nFH and HT100nFH, and the mean performance has been used to determine the optimum interleaver for each MCS. Based on interleaver analysis given in ‎[5] it is assumed to use the same interleaver for all MCS having the same header type and interleaving depth.
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