3GPP TSG GERAN Evolution AdHoc

Tdoc AHGEV-060019
Sophia Antipolis,France, 25-26 May 2006
Agenda item 3.1, 4.4 
Source: Intel Corporation 
3GPP TSG GERAN Evolution AdHoc

Tdoc AHGEV-


Comparison of Modified 16 QAM Constellations for Higher Order Modulation and Turbo Coding Schemes

INTRODUCTION

The performance of square 16QAM modulation and Turbo coding schemes (HOMTC) has been evaluated ‎[1]

 REF _Ref135370117 \r \h 
‎[2]

 REF _Ref135370119 \r \h 
‎[3]. It is been shown to have much improved performance as compared with EGPRS. However, inherent in using a square 16QAM constellation, there are some practical implementation issues that arise. 

· Higher peak-to-average power ratio (PAPR) requires a larger backoff; This affects coverage areas in noise-limited environments. The 99.99% PAPR of square 16QAM is higher by about 2dB than that of 8PSK.

· The higher backoff may also cause issues when using 16QAM on the BCCH channel. See ‎[4] for more details.

· The dynamic range of square 16QAM modulation reaches 40dB. This leads to wider linearity range requirements in the RF front end, and may be more difficult to implement on legacy BTSs.

This contribution compares the square 16QAM constellation to circular 16QAM constellations (also called as 16-ary Amplitude-Phase Keying (16-APK) constellations), which are known (see ‎[5]

 REF _Ref135619610 \r \h 
‎[6] for example) for their reduced PAPR and dynamic range.

CIRCULAR 16QAM CONSTELLATIONS

The Circular (12,4) 16QAM constellation consists of two concentric circles, the inner one containing four symbols while the outer one contains the remaining 12 symbols.

The constellation design parameter is the ratio R between the outer and inner circle radii. Usually values of R may range from 1.2 to 3. The effect of the parameter R is as follows: larger values of R will generally improve the performance, while smaller values of R will degrade performance but also lower the PAPR and dynamic range of the modulation. An example of (12,4) with R=1.5 is given in Figure 1.

In order to avoid transition through the origin between symbols, a rotation of the constellation is applied between symbol periods, as was done for 8PSK and the square 16QAM modulations. In this case, the rotation used is 5π/12.
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Figure 1: Circular  16QAM (12,4) Constellation
PAPR and Dynamic Range Comparison

Table 1 shows a comparison of square 16QAM, 8PSK and circular 16QAM (12,4) with R=1.5 and R=2.0. The values of PAPR (99.99%) and Dynamic Range (99.99%) are shown for each.

As can be seen, it is possible to make a substantial reduction in PAPR to around 4dB by using circular 16QAM with radii ratio of 2. From the simulations done in the EDGE Feasibility Study and reported in ‎[4], a modulation backoff of 4dB has a minimal impact on system handover performance. However, with a relative radius 2.0, the required dynamic range is still similar to that of square 16QAM. Reducing the radii ratio further to R=1.5, reduces the PAPR slightly further. The dynamic range is, however, is reduced substantially to below 30dB.

For comparison, the PAPR and dynamic range of circular 16QAM (8,8) modulations are given in Table 2. This modulation format has 8 symbols each on the inner and outer radii. Simulations have not yet been performed for these cases, although an initial assessment shows that this modulation format also may provide opportunity for further optimization.

Table 1 – Comparison of PAPR and Dynamic range of 16QAM (12,4) modulation schemes
	Modulation 
	PAPR [dB]
	Dynamic Range [dB]

	16 QAM
	5.2
	40

	16QAMC (12,4) R=2
	4.2
	38

	16QAMC (12,4) R=1.5
	4
	29

	8 PSK
	3.2
	17


Table 2 – Comparison of PAPR and Dynamic range of 16QAM (8,8) modulation schemes
	Modulation 
	PAPR [dB]
	Dynamic Range [dB]

	16 QAM
	5.2
	40

	16QAMC (8,8) R=2
	5.2
	38

	16QAMC (8,8) R=1.5
	4.6
	22

	8 PSK
	3.2
	17


LOGICAL CHANNEL CONFIGURATIONS

The channel configurations used for simulations are shown in Table 3. The configurations are used to compare performance of circular 16QAM modulation with that of MCS7, MCS8 and MCS9. For each of the MCS schemes, 3 other options  considered, as taken from Table 1.

Table 3 – Modulation and Coding Schemes
	Modulation and Coding Scheme
	Data Code rate
	RLC blocks per radio block
	Interleaving depth
	Data rate

	MCS7
	0.76
	2
	4
	44.8

	MCS8
	0.92
	2
	2
	54.4

	MCS9
	1.00
	2
	2
	59.2

	MCS7-T4-16QAM
	0.55
	1
	4
	44.8

	MCS8-T4-16QAM
	0.67
	1
	4
	54.4

	MCS9-T4-16QAM
	0.73
	1
	4
	59.2

	MCS7-T4-16QAMC (R=2)
	0.55
	2
	4
	44.8

	MCS8-T4-16QAMC (R=2)
	0.67
	2
	4
	54.4

	MCS9-T4-16QAMC (R=2)
	0.73
	2
	4
	59.2

	MCS7-T4-16QAMC (R=1.5)
	0.55
	2
	4
	44.8

	MCS8-T4-16QAMC (R=1.5)
	0.67
	2
	4
	54.4

	MCS9-T4-16QAMC (R=1.5)
	0.73
	2
	4
	59.2


PERFORMANCE CHARACTERISATION

The 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, thus implying that the power of 8PSK modulated blocks is backed off by 3.2 dB and the power of 16QAM modulated slots according to the relevant PAPR .
Uncoded BER Performance

This section shows the uncoded BER performance of the 16QAM modulations from Table 1. No impairments are included. All curves have been backed off by the PAPR given in Table 1. The uncoded BER results are shown in Figure 2.

It can be seen that for circular 16QAM with R=2.0, UBER performance is similar to square 16QAM. For circular 16QAM with R=1.5, UBER performance is similar up to around 20dB, above which some degradation is observed.
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Figure 2: Uncoded BER of 16QAM and Circular 16QAM (12,4) Modulation
BLER Performance

For BLER results, the impairments detailed in Table 4 were used.

Table 4 – Impairments
	Impairment
	Value

	MS I/Q Gain mismatch
	0.4 dB

	MS I/Q phase mismatch
	2.8 degrees

	MS Frequency Offset
	50 Hz


Sensitivity Limited Channel

Figure 3 shows the BLER performance for MCS7, and the three 16QAM modulated configurations carrying the same payload as MCS7. Figure 4 and Figure 5 show the BLER performance for MCS8 and MCS9 respectively.

The results from the sensitivity limited simulations are summarized in 
Interference Limited Channel

Figure 6 shows the BLER performance for MCS7, and the three 16QAM modulated configurations carrying the same payload as MCS7. Figure 7 and Figure 8 show the BLER performance for MCS8 and MCS9 respectively.

The results from the interference limited simulations are summarized in Table 6. For each configuration the table shows the link layer performance in terms of C/I at BLER=10%. The gain relative to the relevant EGPRS MCS is also given.

It can be seen that for the interference limited cases, the circular 16QAM (12,4) modulations perform less well than the square 16QAM modulation. However, the gains compared to EGPRS are still substantial.
Table 5
. For each configuration the table shows the link layer performance in terms of SNR at BLER=10% (after backoff is taken into account). The gain relative to the relevant EGPRS MCS is also given.

It can be seen that the results for circular 16QAM with R=2.0 are slightly better than square 16QAM. For R=1.5, the gains are slightly reduced, though still of the same order.

Interference Limited Channel

Figure 6 shows the BLER performance for MCS7, and the three 16QAM modulated configurations carrying the same payload as MCS7. Figure 7 and Figure 8 show the BLER performance for MCS8 and MCS9 respectively.

The results from the interference limited simulations are summarized in Table 6. For each configuration the table shows the link layer performance in terms of C/I at BLER=10%. The gain relative to the relevant EGPRS MCS is also given.

It can be seen that for the interference limited cases, the circular 16QAM (12,4) modulations perform less well than the square 16QAM modulation. However, the gains compared to EGPRS are still substantial.
Table 5 - Sensitivity limited results
	Modulation and Coding Scheme
	EGPRS
	T4-16QAM
	T4-16QAMC (R=2)
	T4-16QAMC (R=1.5)

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

	MCS7
	20.8
	19.4
	1.4
	19.0
	1.8
	19.4
	1.4

	MCS8
	27.3
	22.5
	4.8
	22.3
	5.0
	23.1
	4.2

	MCS9
	32.7
	24.3
	8.4
	24.2
	8.5
	25.4
	7.3


Table 6 - Interference limited results
	Modulation and Coding Scheme
	EGPRS
	T4-16QAM
	T4-16QAMC (R=2)
	T4-16QAMC (R=1.5)

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

	MCS7
	17.9
	14.6
	3.3
	15.3
	2.6
	16.0
	1.9

	MCS8
	23.8
	17.6
	6.2
	18.5
	5.3
	19.6
	4.2

	MCS9
	29.1
	19.5
	9.6
	20.4
	8.7
	21.9
	7.2
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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 Co-Channel Performance (MCS-7)
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Figure 7: TU3iFH Co-Channel Performance (MCS-8)
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Figure 8: TU3iFH Co-Channel Performance (MCS-9)
CONCLUSIONS

This contribution has compared Turbo coding plus circular 16QAM (12,4) modulations with the previously considered square 16QAM modulation. The effects of different circular 16QAM modulations on the PAPR, dynamic range and performance were tested. 

It was seen that for the modulations considered, the PAPR can be reduced to about 4dB, as compared to around 5dB for square 16QAM. The dynamic range can be significantly reduced to below 30dB, although this incurs some penalty in the BLER performance gains.

An initial investigation of the (8,8) circular 16QAM modulation format showed that this has potential to further optimize the tradeoff between PAPR/dynamic range reduction and BLER performance gains.
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