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More results on 16QAM and turbo codes
1 Introduction

Higher order modulations and turbo codes have been proposed ‎[1]

 REF _Ref118792546 \r \h 
‎[2] as candidates for the GERAN continued evolution feasibility study ‎[3]. In this contribution, the performance gains of 16QAM and turbo codes are further evaluated on link and system level.

This contribution contains new results that were requested at GERAN #28. On link level, the performance without frequency hopping has been investigated at different speeds. Further, throughput performance with incremental redundancy is presented. On system level, additional system scenarios with different reuse and a larger cell radius are shown.
The details of proposed modulation and channel coding schemes can be found in ‎[5] and are not reproduced in this document.

2 Link performance without frequency hopping at different speeds

A shortcoming of the current 8PSK modulated modulation and coding schemes (MCSs) with the highest bit rates is that their channel coding is weak due to the high code rates. This implies that diversity due to e.g., frequency hopping, high velocities or bursty interference degrades performance of these MCSs. One of the advantages with 16QAM modulation is that more robust channel coding (lower code rates) can be used for a given peak bit rate. Thereby the diversity of e.g. frequency hopping can be utilised, which will improve performance.
The performance gain at 10% BLER, relative to standard (8PSK-modulated) EGPRS, of 16QAM and turbo codes as a function of speed is shown in Figure 1 for MTCS-7-16QAM
, MTCS-8-16QAM1 and MTCS-9-16QAM1. A TU channel without frequency hopping is used. It can be seen that the performance gains at low speeds is in the order of 0.5-1.5 dB. However, even at moderate speeds, the gains quickly approach the gains with frequency hopping, 2-6 dB, shown earlier. Note that a channel tracker was used in the 8PSK receiver but not in the 16QAM receiver. Therefore, larger gains than shown here can be expected with channel tracking.
A similar behaviour can be expected because of the typically bursty nature of interference (due to discontinuous transmission of speech and data) in unsynchronised networks. Therefore, the lowest gains in Figure 1 are not expected to be very common in practice, even without frequency hopping.
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Figure 1. Link level gain at 10% BLER with 16QAM+turbo codes at different speeds on a TU channel without frequency hopping.
3 Link performance with incremental redundancy

Simulation results presented previously ‎[4] have not included incremental redundancy (IR). Since incremental redundancy is an important performance improvement of EGPRS, results with IR were requested at GERAN #28.

Figure 2 shows link throughput as a function of C/I for EGPRS (MCS9), 16QAM (MCS9-16QAM
) and 16QAM with turbo coding (MTCS9-16QAM
). A TU3 channel with frequency hopping is used.
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Figure 2. Link throughput versus C/I for EGPRS (MCS9), 16QAM (MCS9-16QAM) and 16QAM+turbo codes (MTCS9-16QAM).

Figure 3 shows the gain in throughput for 16QAM and 16QAM+turbo codes (derived from Figure 2). For comparison, the throughput gains without IR (ideal link adaptation of all MCSs) are also plotted (derived from results in ‎[4]). The link gains are roughly the same with IR as without. Consequently, it can be expected that the bit rate and spectral efficiency gains on system level, shown in ‎[4] and in section ‎4, are similar also with incremental redundancy.
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Figure 3. Throughput gain of 16QAM (green) and 16QAM+turbo codes (red) with IR (solid) and without IR (dashed).
4 System performance in additional network scenarios

In a previous contribution ‎[4], system simulations have been presented for network scenarios with 1-reuse with frequency hopping and 12-reuse with and without frequency hopping. The cell radius was set to 500 m. Gains in average session bit rate was shown to be in the order of 30-45% for the median and worst users, whereas the gains for the best users were smaller. Further, a spectrum efficiency gain of 50-60% was shown in these scenarios. 

As requested at GERAN #28, results for additional scenarios are presented here. The evaluated scenarios are summarised in Table 1. The main differences compared to ‎[4] are that other reuses are considered and that the cell radius is 2 km. Modulation and coding scheme sets are as in ‎[4] and summarised in Table 2.
	Parameter
	Value

	
	Scenario 4
	Scenario 5
	Scenario 6
	Scenario 7

	Reuse
	1/3
	1/3
	3/9
	3/9

	Spectrum allocation
	7.2 MHz (excluding BCCH)
	7.2 MHz (excluding BCCH)
	7.2 MHz (excluding BCCH)
	7.2 MHz (excluding BCCH)

	Frequencies per cell
	12
	12
	4
	4

	Transceivers per cell
	12
	12
	4
	4

	Frequency hopping
	Random
	No
	Random
	No

	Traffic model
	FTP, 100 kB file size
	FTP, 100 kB file size
	FTP, 100 kB file size
	FTP, 100 kB file size

	Cell radius
	2 km
	2 km
	2 km
	2 km

	Power control
	No
	No
	No
	No

	Pathloss model
	Okumura-Hata
	Okumura-Hata
	Okumura-Hata
	Okumura-Hata

	Log-normal fading standard deviation
	8 dB
	8 dB
	8 dB
	8 dB

	Rayleigh fading
	Yes
	Yes
	Yes
	Yes

	Multi-slot allocation per session
	4 timeslots
	4 timeslots
	4 timeslots
	4 timeslots

	Link quality control
	Measurement based link adaptation
	Measurement based link adaptation
	Measurement based link adaptation
	Measurement based link adaptation

	Power backoff 8PSK
	3.3 dB
	3.3 dB
	3.3 dB
	3.3 dB

	Power backoff 16QAM
	5.3 dB
	5.3 dB
	5.3 dB
	5.3 dB


Table 1. Summary of system simulation parameters.

	Modulation and coding scheme
	Set 1

(“EGPRS”)
	Set 2

(“16QAM”)
	Set 3

(“16QAM+turbo”)

	1
	MCS-1
	MCS-1
	MCS-1

	2
	MCS-2
	MCS-2
	MCS-2

	3
	MCS-3
	MCS-3
	MCS-3

	4
	MCS-4
	MCS-4
	MCS-4

	5
	MCS-5
	MCS-5
	MTCS-5

	6
	MCS-6
	MCS-6
	MTCS-6

	7
	MCS-7
	MCS-7-16QAM
	MTCS-7-16QAM

	8
	MCS-8
	MCS-8-16QAM
	MTCS-8-16QAM

	9
	MCS-9
	MCS-9-16QAM
	MTCS-9-16QAM


Table 2. Evaluated sets of modulation/coding schemes.

4.1 Scenario 4 and 5: 1/3-reuse
Figure 3 shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile). Dashed lines are with frequency hopping, solid lines are without frequency hopping. As in ‎[4], the gains for the 90th percentile of users (session bit rates) are small since they are near the peak bit rate already with EGPRS. The gains on the 10th percentile are 35-50% for 16QAM+turbo codes and 10-15% from 16QAM alone.  On the 50th percentile, the gains are 10-30% for 16QAM+turbo codes and 5-15% from 16QAM. The lower end of the gain intervals corresponds to the lowest offered FTP load. Note that the lower gain (5% or 10%) of the 50th percentile is due to that the peak rate is almost reached.
[image: image4.png]Average session bit rate [kbps]

200

TP traffic DL, 3-reuse

180 -

160 -

140 -

120

100 -

80

60

40

20

—*—— EGPRS 10%
——#k—— EGPRS 50%
—#k—— EGPRS 90%
—S—— 160AM 10%
—S—— 160AM 50%
—S—— 160AM 90%
——+—— 16QAM+Turbo 10%
——+—— 16QAM+Turbo 50%
——+—— 16QAM+Turbo 90%

0

4
Offered FTP load [kbps/TS]

10




Figure 4. Average session bit rate percentiles, 10th percentile (blue), 50th percentile (red), 90th percentile (black), as a function of offered FTP load, for EGPRS, 16QAM and 16QAM+turbo. Dashed lines are with frequency hopping, solid lines are without frequency hopping.
Figure 4 shows normalised spectrum efficiency. The spectrum efficiency depends on the required bit rate (for the 10th percentile, i.e., for 90% of the sessions).  If for example the requirement is 60 kbps (shown as a red dashed line in the figure), the spectrum efficiency gain for 16QAM+turbo codes is 44% without frequency hopping and 42% with frequency hopping. For plain 16QAM, the gain is 21% without frequency hopping and 16% with frequency hopping.
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Figure 5. Normalised spectrum efficiency as a function of different service requirements. Dashed lines are with frequency hopping, solid lines are without frequency hopping.
4.2 Scenario 6 and 7: 3/9-reuse

Figure 5 shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile). Dashed lines are with frequency hopping, solid lines are without frequency hopping. Again, the gains for the 90th percentile of users (session bit rates) are small since the bit rates are near the peak bit rate already with EGPRS. The gains on the 10th percentile are 30-40% for 16QAM+turbo codes and 10-25% from 16QAM alone.  On the 50th percentile, the gains are 2-35% for 16QAM+turbo codes and 2-20% from 16QAM. The lower end of the gain interval corresponds to the lowest offered FTP load. Note that the lower gains (2%) at the 50th percentile are due to that the peak rate is almost reached.
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Figure 6. Average session bit rate percentiles, 10th percentile (blue), 50th percentile (red), 90th percentile (black), as a function of offered FTP load, for EGPRS, 16QAM and 16QAM+turbo. Dashed lines are with frequency hopping, solid lines are without frequency hopping.
Figure 6 shows normalised spectrum efficiency. The spectrum efficiency depends on the required bit rate (for the 10th percentile, i.e., for 90% of the sessions).  If for example the requirement is 90 kbps (shown as a red dashed line in the figure), the spectrum efficiency gain for 16QAM+turbo codes is 82% without frequency hopping and 87% with frequency hopping. For plain 16QAM, the gain is 40% without frequency hopping and 44% with frequency hopping.
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Figure 7. Normalised spectrum efficiency as a function of different service requirements. Dashed lines are with frequency hopping, solid lines are without frequency hopping.
5 Conclusions
16QAM and turbo codes give large link level gains with frequency hopping due to the increased robustness of the channel coding. Without frequency hopping, the gains are smaller at low speeds, but already at moderate speeds, the gains are similar to those with frequency hopping.
16QAM and turbo codes work well together with incremental redundancy (IR). The link gains are similar with IR as without and consequently similar gains on system level can be expected.

System level simulations in various scenarios have been presented in this contribution and earlier contributions (e.g., ‎[4]). Significant bit rate and spectral efficiency gains have been shown regardless of the reuse, the cell radius and whether frequency hopping is used or not. For the users that are not already close to the peak bit rate, 16QAM and turbo codes increase the average session bit rates by 30-50% at high system loads. Substantial spectrum efficiency improvements are also achieved.
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� Turbo coded, 16QAM modulated equivalents of MCS-7, MCS-8 and MCS-9.


� 16QAM-modulated equivalent of MCS9.


� Turbo codes, 16QAM-modulated equivalent of MCS9
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