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Higher Order Modulation and Turbo Codes - Higher HOM
1 Introduction
The performance of 16QAM modulation with Turbo coding has been considered previously as part of the Higher Order Modulation and Turbo Coding (HOMTC) concept for GERAN Evolution enhancements to Release 7 ‎[2]

 REF _Ref144632737 \r \h 
‎[3]

 REF _Ref135370119 \r \h 
‎[4]. 

This contribution investigates the potential of 32QAM modulation for HOMTC. The performance of 32QAM with Turbo coding is compared with EGPRS, and 16QAM HOMTC. Also, the modulations are compared in terms of PAPR and dynamic range, and their impact on BLER performance.
2 Turbo Coding and Higher Order Modulation Schemes

2.1 Modulation

Previously, we have considered only 16QAM and circular 16-ary modulation schemes for enhancements in GERAN Evolution ‎[2]

 REF _Ref144632737 \r \h 
‎[3]. In this contribution, we consider 32QAM modulation as an additional, and possibly alternative, modulation to 16QAM. 32QAM presents the opportunity to achieve higher peak throughput bit rates, and possibly also more robust channel coding schemes for existing MCSs.

The 32QAM constellation used is shown in Figure 1. The constellation follows the structure described in ‎[5]. It is a cross constellation that has almost Gray coding between adjacent symbols in the constellation.
A rotation of the 32QAM constellation is applied between symbol periods, as was done for 8PSK and the square 16QAM modulation, in order to avoid transition through the origin between symbols. The rotation used is π/4.
The linear Gaussian shaping pulse is applied to 8PSK, 16QAM and 32QAM modulations.
2.2 PAPR and Dynamic Range Comparison

The Peak/Average Power Ratio (PAPR) and dynamic range for 8PSK, 16QAM, and 32QAM modulations are shown in Table 1. The values of PAPR (99.99%) and Dynamic Range (99.99%) are shown for each modulation.

The 32QAM modulation has the attractive property that the PAPR value is the same as for 16QAM modulation. It is noted that this presents an opportunity for improved performance in thermal noise conditions, as coding robustness can be improved, without the negative impact of extra power backoff.
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Figure 1: 32 QAM Cross Constellation
Table 1 – Comparison of PAPR and Dynamic range of 8PSK, 16QAM, and 32QAM modulation schemes
	Modulation 
	PAPR [dB]
	Dynamic Range [dB]

	8 PSK
	3.2
	17

	16 QAM
	5.2
	40

	32 QAM
	5.2
	40


3 Logical Channel Configurations
The logical channel configurations used for the simulations are shown in Table 2 and Table 3. The configurations are used to compare performance of 16QAM and 32QAM modulations with that of MCS7, MCS8 and MCS9. A simple rectangular interleaver was used. It is noted that coding schemes with coding rates greater than 0.9 have not yet been included in the results.
Table 2: Modulation and Coding Schemes for EGPRS
	Modulation and Coding Scheme
	Data Code rate
	RLC blocks per radio block
	Raw Data (octets)
	Interleaving depth
	Data rate kb/s/slot

	MCS7
	0.76
	2
	2x56
	4
	44.8

	MCS8
	0.92
	2
	2x68
	2
	54.4

	MCS9
	1.0
	2
	2x74
	2
	59.2


Table 3: HOMTC Modulation and Coding Schemes

	Modulation and Coding Scheme
	Data Code rate
	RLC blocks per radio block
	Raw Data (octets)
	Interleaving depth
	Data rate kb/s/slot

	MCS7-T4-16QAM
	0.55
	1
	4x28
	4
	44.8

	MCS8-T4-16QAM
	0.67
	1
	4x34
	4
	54.4

	MCS9-T4-16QAM
	0.73
	1
	4x37
	4
	59.2

	MCS10-T4-16QAM
	0.82
	1
	6x28
	4
	67.2

	MCS7-T4-32QAM
	0.44
	1
	4x28
	4
	44.8

	MCS8-T4-32QAM
	0.54
	1
	4x34
	4
	54.4

	MCS9-T4-32QAM
	0.58
	1
	4x37
	4
	59.2

	MCS10-T4-32QAM
	0.66
	1
	6x28
	4
	67.2

	MCS11-T4-32QAM
	0.80
	1
	6x34
	4
	81.6

	MCS12-T4-32QAM
	0.88
	1
	8x28
	4
	89.6


4 Performance Characterisation
Link simulations were carried out for both a noise limited environment, and an interference limited environment. The TU3iFH channel model was used.

It was assumed that for the noise limited case, full transmit power is always used, implying that the power of 8PSK modulated slots is backed off by 3.2 dB and the power of 16QAM and 32QAM modulated slots by 5.2dB as per PAPR in Table 1. 
For the simulations, the impairments detailed in Table 4 were used.

Table 4 – Simulation Impairments
	Impairment
	Value

	BTS I/Q Gain mismatch
	 0.1 dB

	BTS I/Q phase mismatch
	 0.2 degrees

	BTS Phase Noise
	0.8 degree rms

	BTS DC Offset
	-45 dBc

	MS I/Q Gain mismatch
	0.2 dB

	MS I/Q phase mismatch
	2.0 degrees

	MS Frequency Offset
	25 Hz

	MS Phase Noise
	1.0 degree rms

	MS DC Offset
	-40 dBc


4.1 Uncoded BER Performance

This section shows the uncoded BER performance of 16QAM and 32QAM modulations. The uncoded BER results are shown in Figure 2.
[image: image2.emf]0 5 10 15 20 25 30 35

10

-2

10

-1

10

0

C/I (dB)

UBER

16QAM

32QAM


Figure 2: Uncoded BER of 16QAM and 32QAM Modulations
4.2 BLER Performance

BLER performance graphs comparing the different logical channels are shown in Figure 3 to Figure 8 for sensitivity conditions, and Figure 9 to Figure 14 for co-channel interferer conditions. The conditions at which 10% BLER is achieved are summarized in tabular form in Table 5 and Table 6.
Of particular note are the performance results for MCS7/8/9 channels. It can be see that for MCS8 and MCS9 and their equivalents, the configuration using 32QAM HOMTC actually improves performance as compared to 16QAM HOMTC. For MCS7 payload, the performance of 32QAM is slightly degraded as compared to 16QAM.

On the basis of these results, it may be possible to consider an HOMTC enhancement that only requires a new 32QAM modulation, without the need to include a new 16QAM modulation as well.

Table 5 - Sensitivity limited results
	 
	EGPRS
	T4-16QAM
	T4-32QAM

	MCS
	SNR (dB) @ 10% BLER
	SNR (dB) @ 10% BLER
	Gain v EGPRS
	SNR (dB) @ 10% BLER
	Gain v EGPRS
	Gain v 16QAM

	 
	 
	 
	 
	 
	 
	 

	MCS7
	20.7
	19.2
	1.5
	19.5
	1.2
	-0.3

	MCS8
	27.2
	22.2
	5
	22
	5.2
	0.2

	MCS9
	31.9
	24.1
	7.8
	23.4
	8.5
	0.7

	MCS10
	N/A
	28
	N/A
	26
	N/A
	2

	MCS11
	N/A
	N/A
	N/A
	34.4
	N/A
	N/A

	MCS12
	N/A
	N/A
	N/A
	~36 (36%)
	N/A
	N/A


Table 6 - Interference limited results
	 
	EGPRS
	T4-16QAM
	T4-32QAM

	MCS
	C/I (dB) @ 10% BLER
	C/I (dB) @ 10% BLER
	Gain v EGPRS
	C/I (dB) @ 10% BLER
	Gain v EGPRS
	Gain v 16QAM

	 
	 
	 
	 
	 
	 
	 

	MCS7
	17.6
	14.4
	3.2
	14.7
	2.9
	-0.3

	MCS8
	23.4
	17.4
	6
	17.2
	6.2
	0.2

	MCS9
	27.9
	19.2
	8.7
	18.5
	9.4
	0.7

	MCS10
	N/A
	22.9
	N/A
	21.1
	N/A
	1.8

	MCS11
	N/A
	N/A
	N/A
	29.2
	N/A
	N/A

	MCS12
	N/A
	N/A
	N/A
	31.5 (30%)
	N/A
	N/A
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Figure 3: TU3iFH Sensitivity Performance (MCS-7)
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Figure 4: TU3iFH Sensitivity Performance (MCS-8)
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Figure 5: TU3iFH Sensitivity Performance (MCS-9)
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Figure 6: TU3iFH Sensitivity Performance (MCS-10)
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Figure 7: TU3iFH Sensitivity Performance (MCS-11)
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Figure 8: TU3iFH Sensitivity Performance (MCS-12)
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Figure 9: TU3iFH Co-Channel Performance (MCS-7)
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Figure 10: TU3iFH Co-Channel Performance (MCS-8)
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Figure 11: TU3iFH Co-Channel Performance (MCS-9)
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Figure 12: TU3iFH Co-Channel Performance (MCS-10)
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Figure 13: TU3iFH Co-Channel Performance (MCS-11)
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Figure 14: TU3iFH Co-Channel Performance (MCS-12)
4.3 Throughput Performance

This section presents the throughput performance of the HOMTC logical channel configurations as compared to EGPRS. The configurations used for each set are given in Table 7. Type II Incremental Redundancy is included.
Graphs of throughput performance and gain relative to EGPRS are shown in Figure 15 and Figure 16 respectively. Set 3 in the graphs includes also 32QAM modulation. As can be seen from the graphs, the throughput gain can be further extended by use of 32QAM, as compared to 16QAM, as well as achieving higher peak bit rate.
Table 7 - Throughput Performance Configurations

	Set
	MCS

	EGPRS
	MCS-7/8/9-8PSK


	1
	MCS-7/8/9-T4-16QAM


	2
	MCS-7/8/9/10-T4-16QAM



	3
	MCS-7/8/9-T4-16QAM

MCS-10/11/12-T4-32QAM
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Figure 15: Throughput Performance with IR for TU channel at 3km/h
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Figure 16: Throughput Gain with IR for TU channel at 3km/h
5 Discussion
The results above have shown the feasibility of using 32QAM modulation with Turbo coding for GERAN Evolution. It has been seen that it may be possible to define standardization using only 32QAM, instead of both 16QAM and 32QAM.
Previous work ‎[4] has shown that the increase in spectral efficiency using 16QAM modulation is around 40-60%. Although no system simulation data is currently available for 32QAM modulation, it is clear that, based on the link simulation data, spectral efficiency by the inclusion of 32QAM modulation will be further increased.

Peak data rate per timeslot can be increased by a factor of 1.66 as compared to EGPRS.

It is possible to allocate 5 timeslots to a Type I mobile, either DL or UL, for example using Multislot class 34. For the uplink, this would entail a 7dB backoff from maximum power, as compared to 6dB for 4 timeslots.
A combination of HOMTC including 32QAM, together with a 5 timeslot allocation, gives a factor of 1.66 x 1.25. Thus the combination can double peak bit rate, and simultaneously improve spectral efficiency by the order of 50%.
6 Conclusions
This contribution has considered inclusion of 32QAM modulation into the Higher Order Modulation and Turbo Coding concept. It has been seen that 32QAM modulation shows very promising results, and may even be a complete replacement for 16QAM. 
It has been shown that the peak bit rate can be doubled using just a single carrier, whilst still assuming a Type I non-duplex mobile.

This information is proposed for inclusion in the GERAN Evolution Feasibility Study ‎[1].
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