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‎Comparison of Different Coding Configurations for Higher Order Modulation and Turbo Coding Schemes

Introduction

The performance of Higher Order Modulation and Turbo coding schemes (HOMTC) have already been evaluated in various papers ‎[1]

 REF _Ref135370117 \r \h 
‎[2]

 REF _Ref135370119 \r \h 
‎[3]

 REF _Ref135370122 \r \h 
‎[4]. Results presented in ‎[4] showed gains of about 100% spectral efficiency for HOMTC with Rx Diversity under interference limited scenarios. However, for thermal noise limited scenarios, results presented indicated poor results of HOMTC as compared with EGPRS, both with and without Rx Diversity. This was in contradiction to performance results that were reported in ‎[2]. This contribution reports comparative performance of configurations used in ‎[2] and ‎[4] and examines the source for the reported performance difference.

HOMTC Coding Scheme Configurations

The logical channel configurations used are defined in Table 1. Two configurations of HOMTC have been used. MCSx-T4-16QAM is the configuration used in ‎[2], where the payload is Turbo encoded as a single block. MCSx-T4-16QAM_2 is the configuration used in ‎[4], where the payload is Turbo encoded as 2 half length blocks.

Table 1 – Modulation and Coding Schemes
	Modulation and Coding Scheme
	Data Code rate
	RLC blocks per radio block
	Interleaving depth
	Data rate kb/s
	Turbo Decoder Scaling

	MCS7
	0.76
	2
	4
	44.8
	Yes

	MCS8
	0.92
	2
	2
	54.4
	Yes

	MCS9
	1.00
	2
	2
	59.2
	Yes

	MCS7-T4-16QAM
	0.55
	1
	4
	44.8
	Yes

	MCS8-T4-16QAM
	0.67
	1
	4
	54.4
	Yes

	MCS9-T4-16QAM
	0.73
	1
	4
	59.2
	Yes

	MCS7-T4-16QAM_2
	0.55
	2
	4
	44.8
	No

	MCS8-T4-16QAM_2
	0.67
	2
	4
	54.4
	No

	MCS9-T4-16QAM_2
	0.73
	2
	4
	59.2
	No


The simulations are carried out for both an interference limited environment, and a noise limited environment. The TU3iFH channel model is used.

It is assumed that, for the noise limited case, full transmit power is always used, thus implying that the power of 8-PSK modulated blocks is backed off by 3.3 dB and the power of 16-QAM modulated blocks by 5.3 dB.

Mobile station impairments are included as in Table 2. No base station impairments were included.

Table 2 – Impairments
	Impairment
	Value

	MS I/Q Gain mismatch
	0.4 dB

	MS I/Q phase mismatch
	2.8 degrees

	MS Frequency Offset
	50 Hz


PERFORMANCE CHARACTERIZATION

Interference Limited Channel

The results from the interference limited simulations are summarized in Table 3 which shows the link layer performance in terms of CIR at BLER=10 %.

Table 3: Interference limited results
	Modulation and Coding Scheme
	EGPRS
	T4-16QAM
	T4-16QAM_2

	
	
	C/I@ 10% BLER
	Gain (dB)
	C/I@ 10% BLER
	Gain (dB)

	MCS7
	17.9
	14.6
	3.3
	16.2
	1.7

	MCS8
	23.8
	17.7
	6.1
	18.8
	5

	MCS9
	29.1
	19.4
	9.7
	20.3
	8.8


Sensitivity Limited Channel

The results from the interference limited simulations are summarized in Table 3 which shows the link layer performance in terms of SNR at BLER=10 % (after 5.3 dB backoff is taken into account).

Table 4: Sensitivity limited results
	Modulation and Coding Scheme
	EGPRS
	T4-16QAM
	T4-16QAM_2

	
	
	SNR@ 10% BLER
	Gain (dB)
	SNR@ 10% BLER
	Gain (dB)

	MCS7
	21
	19.5
	1.5
	21.2
	-0.2

	MCS8
	27.5
	22.6
	4.9
	23.8
	3.7

	MCS9
	32.8
	24.5
	8.3
	25.4
	7.4
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Figure 1: TU3iFH Co-Channel Performance (MCS-7)
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Figure 2: TU3iFH Co-Channel Performance (MCS-8)
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Figure 3: TU3iFH Co-Channel Performance (MCS-9)
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Figure 4: TU3iFH Sensitivity Performance (MCS-7)
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Figure 5: TU3iFH Sensitivity Performance (MCS-8)
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Figure 6: TU3iFH Sensitivity Performance (MCS-9)
DISCUSSION

Interference Limited Channel

As can be seen from the results, the BLER performance is affected by partitioning of the block. This is particularly noticeable in the configurations equivalent to MCS7, where coding the payload as two separate blocks cuts the gain roughly in half from 3.3 dB to 1.7 dB. For the MCS8 and MCS9 equivalent cases, the loss by division of the payload block is slightly over 1 dB, reducing gain for the MCS8 cases down from 6.1 dB to 5 dB.
Noise Limited Channel

As was seen in the interference limited cases, the noise limited cases are also adversely affected by splitting the payload into 2 blocks. In particular, for the MCS7 equivalent case, the 2 block coding causes a loss in BLER performance as compared to MCS7 – this is in line with the result reported in ‎[4]. However, if the payload is encoded as a single block, this becomes a 1.5 dB gain as compared to MCS7. For the MCS8 and MCS9 equivalent cases, the loss by division of the payload block is approximately 1 dB, reducing gain for the MCS8 cases from 4.9 dB down to 3.7 dB.
CONCLUSIONS

This contribution has compared the performance results for different partitioning of the data payload for transmission using 16QAM and Turbo coding. Two configurations were considered: i) Turbo coding of the payload in a single block; ii) partition of the payload into 2 blocks, and separate Turbo encoding of each block.

The performance results for the interference limited scenario showed that the single encoded block provides additional improvements of 1-1.5dB, as compared to the 2-block configuration.

The performance results for the noise limited scenario showed that, for the 2-block configuration, there is indeed a loss in performance for the MCS7 equivalent as reported in ‎[4]. However, for the payload encoded as a single block, the MCS7 equivalent Turbo encoded configuration improves performance by 1.5dB as compared to MCS7. In general, for the MCS7 to MCS9 configurations shown, there is an improvement of between 1.5 to 8.3dB. 

It was seen in all cases that no scaling of extrinsic information in the Turbo decoder has minimal impact and is not the determining factor in performance.
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