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1. Introduction
The eCall reference code contains an option called LLR_TYPE, the main purpose of which is to define the word size of the arrays that store the log-likelihood ratios (LLRs) that are required for the turbo decoder. 
This document contains a description of the LLR_TYPE option in the C-code of the eCall modem. The intention of this document is to change this option from LLR_TYPE 0 to LLR_TYPE 1. With LLR_TYPE set to 1, arrays of type Word16 instead of Word32 are used to store log likelihood ratios (LLRs). Using Word16 arrays reduces memory consumption and computational complexity without degrading performance in terms of transmission time of a minimum set of data (MSD).
2. Description of LLR_TYPE option
There are three valid settings for LLR_TYPE, which causes the following changes:

#if LLR_TYPE == 0

#define WordLLR           Word32

#define LOGEXP_RES        (290)

#define LOGEXP_DELTA_EXPO (-5)

#define LOGEXP_Q_IN       (12)

#define LLR_MAX           ((LW_MAXec)>>4)

#define LLR_MAX1          (1073741824)

#define LLR_MAX_ABS       (LW_MAXec)

#elif LLR_TYPE == 1

#define WordLLR           Word16

#define LOGEXP_RES        (401)

#define LOGEXP_DELTA_EXPO (-6)

#define LOGEXP_Q_IN       (8)

#define LLR_MAX           ((Word32)(0x7fff-1))

#define LLR_MAX_ABS       ((Word32)(0x7fff-1))

#elif LLR_TYPE == 2

#define WordLLR           Word8

#define LOGEXP_RES        (4)

#define LOGEXP_DELTA_EXPO (-1)

#define LOGEXP_Q_IN       (1)

#define LLR_MAX           ((Word32)(0x7f-1))

#define LLR_MAX_ABS       ((Word32)(0x7f-1))

#endif

Each LLR_TYPE setting requires an appropriate lookup table, which is essentially what is set by these #define values. There is a slight algorithmic change of the decoder when LLR_TYPE is set to either 1 or 2. It must be stressed that this change only affects memory usage and computational complexity but not the decoder output. In other words, either one of the algorithms would yield the same results for one particular LLR_TYPE option. The modem is bit exact with respect to the results of the official selection test when LLR_TYPE is set to 0.
3. Performance with different LLR_TYPE settings
Table 1 summarizes the differences between LLR_TYPE configuration options.
Table 1: Differences between LLR_TYPE settings
	
	#define LLR_TYPE 0
	#define LLR_TYPE 1
	#define LLR_TYPE 2

	LLR values stored in array of type
	Word32 (32 bit)
	Word16 (16 bit)
	Word8 (8 bit)

	required PSAP RAM
	35.5 kB
	31.8 kB
	17.7 kB

	bit exact results as in official test campaign [1]
	yes
	no
	no

	number of test cases differing from official results (BUGFIX 0)
	0
	27 out of 2600
	185 out of 2600

	number of test cases differing from official results (BUGFIX 1)
	14 out of 2600
	38 out of 2600
	194 out of 2600

	Figure of Merit for official test campaign (BUGFIX 0)
	2.0371 s
	2.0346 s
	2.0322 s

	Figure of Merit for official test campaign (BUGFIX 1)
	2.0355 s
	2.0329 s
	2.0304 s

	computational complexity

(average of the selection test conditions)
	4.82 times CTM
	3.49 times CTM
	3.49 times CTM


The results show that there is no degradation in terms of the Figure of Merit while there is a significant advantage in terms of RAM usage and computational complexity. Since we do not observe any degradation for 8 bit arrays, it is clear that arrays of type Word16 still have a significant safety margin in terms of word size.

4. Conclusion
We recommend that the described LLR_TYPE option 1 (16 bit word length) in the reference C-code [2] of the eCall modem be adopted to reduce memory and computation complexity. This choice has been found to be as robust as the configuration that is bit exact with respect to the official selection test results. 
The performance, complexity and memory requirements of theeCall modem with LLR_TYPE set to 1, and with the bug fix [3] enabled, was evaluated by the independent test lab AT4 wireless. The test report [4] is attached to this contribution for information.
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