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1 Introduction

Simulation results have been shown for both RED HOT A and HUGE A on RED HOT / HUGE telephone conferences between GERAN#33 and GERAN#34. This document proposes two interleaver formulas to be used for new MCS definitions for RED HOT and HUGE. It applies in particular to the currently proposed RED HOT A, ‎[1], and HUGE A, ‎[3], set of MCSs from Ericsson.
2 Interleaver requirements

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. To even out the quality in a code word from an EDGE radio block, several aspects should be taken into account:

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). 
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.
3 Interleaver description
To simplify the understanding of the proposed interleaver formulas, a few notations should be known. The k:th input data bit is interleaved to the j:th bit of the B:th burst.
In the following 
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 is used where b is the base of the modulus operation. Also, the notation 
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 is used, which is identical to floor(a).
Table 1. Interleaver parameters.
	Parameter
	Value
	Description

	N
	-
	Total number of bits

	k
	0 – (N-1)
	Input data bit

	j
	-
	Output data bit

	B
	mod(k,4)
	Burst number

	n
	floor(i/4)
	Bit number within burst

	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.


3.1 Symbol interleaver
In the following formula it is assumed that the number of interleaved bits per burst is an even number of modulated symbols and that the BER of the different bit positions within a modulation symbol differs. The latter is true for many modulations (e.g., 8PSK, 16QAM and 32QAM). However, bit-swapping could make bit positions within a code word equally strong.
The following formula takes the requirements in Section ‎2 into account:
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NOTE: 4 is the number of bursts over which the word is interleaved.

It is seen that the formula is dependent on the parameter a, which will interleave the symbols within the bursts differently. The optimal value of a should be evaluated by simulations for each interleaver.
NOTE: The term 
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 in the above expression will spread the bits within the symbol. The term needs to be modified if the strong and weaks bits of a modulation symbols is not evenly distributed. E.g. the currently chosen bit-to-symbol mapping of 16QAM, ‎[2], will have two strong bits followed by two weak bits. An alternative would be to redefine the bit-to-symbol mapping for 16QAM to have pair wise strong and weak bits.
3.2 Bit interleaver
If the bits in a code word are equally strong in terms of bit position within a symbol the formula in the previous section could be simplified since modulation symbols no longer needs to be taken into account. A situation where the formula applies is for example when bit-swapping has been applied to swap all bits in the interleaved word to strong bit positions:
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Also this formula is dependent on a, which needs to be optimized with simulations.

4 Interleaving of RED HOT A and HUGE A
The currently proposed set of MCS for RED HOT A, ‎[1], and HUGE A, ‎[3], has been designed with the above formulas.
The data interleaver has been using the symbol interleaver since the data is spread over all bit positions of the respective modulation symbols; see Figure 1 for burst format of RED HOT A for 16QAM.

The headers for all HOM MCSs (16QAM and 32QAM) will use bit-swapping to put header bits on only strong bit positions, see Figure 1, thus the bit interleaver can be used.
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Figure 1. Burst format for 16QAM, RED HOT A, without bit-swapping (top) and with bit-swapping applied (bottom).
5 Conclusion

In this contribution two interleaver formulas, applicable to GSM/EDGE, have been proposed. One formula where bit positions within modulation symbols have been taken into account and one where all bits in the interleaved word are assumed to be equally strong, in terms of bit positions within a modulation symbol.
The interleaver formulas have been used in the evaluation of RED HOT A, ‎[1], and HUGE A, ‎[3]. 
Both interleaver formulas depend on a parameter a. A suitable value of a needs to be decided for each interleaver by simulations.
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