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Performance evaluation of 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 evaluated on link and system level.

This contribution contains new and updated results compared to a contribution to GERAN #27 [4]. Real link adaptation has been included in the system simulations. Results are presented for both 1-reuse and 4/12-reuse scenarios. Also, the impact of power backoff has been evaluated.

2 Concept description

16QAM is used to increase robustness of the weakly coded modulation and coding schemes of EGPRS (MCS-7, MCS-8 and MCS-9). By replacing the 8PSK modulation with 16QAM, more robust channel coding can be used, that will better handle bursty interference and utilise the diversity of frequency hopping.

In addition, turbo codes are used to improve performance further.

2.1 Channel coding

This section gives an overview of the evaluated modulation and coding schemes. Details can be found in Annex A.

2.1.1 EGPRS

As reference, the regular EGPRS coding schemes MCS-1 to MCS-9 are used [7].

2.1.2 Convolutional codes with 16QAM modulation

Three 16QAM-modulated coding schemes with convolutional codes are evaluated. These are called MCS-7-16QAM, MCS-8-16QAM and MCS-9-16QAM and have the same payload size as MCS-7, MCS-8 and MCS-9, respectively. The mother code of EGPRS (R=1/3, k=7) has been used. Uniform (FLO) puncturing has been used for the RLC/MAC header and RLC data blocks. Interleaving is done over four bursts. 

2.1.3 Turbo codes with 8PSK modulation

Two new 8PSK-modulated coding schemes with turbo codes are evaluated. These are called MTCS-5 and MTCS-6 and have the same payload size as MCS-5 and MCS-6, respectively. 

The RLC/MAC header, USF and stealing flags have the same channel coding as MCS-5 and MCS-6 while the RLC data block has been encoded with a turbo code. For the turbo codes, the constituent codes, internal interleaver and rate matching defined for UTRAN [8] have been reused. Uniform (FLO) puncturing has been used for the RLC/MAC header and RLC data blocks. Interleaving is done over four bursts.

2.1.4 Turbo codes with 16QAM modulation

Three new 16QAM-modulated coding schemes with turbo codes are evaluated, called MTCS-7-16QAM, MTCS-8-16QAM and MTCS-9-16QAM. These have the same payload size as MCS-7, MCS-8 and MCS-9, respectively.

The RLC/MAC header, USF and stealing flags have the same channel coding as MCS-7-16QAM, MCS-8-16QAM and MCS-9-16QAM while the RLC data block has been encoded with a turbo code. For the turbo codes, the constituent codes, internal interleaver and rate matching defined for UTRAN [8] have been reused. Uniform (FLO) puncturing has been used for the RLC/MAC header and RLC data blocks. Interleaving is done over four bursts. 

2.2 Modulation

Simulations are run with 8PSK and 16QAM modulation. The 8PSK modulation is described in [6].

The 16QAM modulation constellation is shown in Figure 1. To reduce the peak-to-average ratio (PAR), the constellation is rotated by (/4 radians per symbol. This gives a PAR of 5.3 dB, i.e., 2 dB more than the 8PSK modulation [6]. Gray mapping is used to map bits onto symbols.
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Figure 1. 16QAM modulation constellation.

2.2.1 Pulse shaping

For both 8PSK and 16QAM, the regular linearised GMSK pulse shape is used [6].

3 Link performance evaluation

3.1 Simulation assumptions

3.1.1 Scenario

The link level scenario is summarised in Table 1.

	Parameter
	Value

	Channel profile
	TU

	MS speed
	3 km/h

	Frequency hopping
	Ideal FH

	Interference
	Co-channel

	Radio blocks per simulation point
	10000


Table 1. Summary of link simulation parameters.

3.1.2 Impairments

The impairments include typical imperfections like I/Q modulator/demodulator imbalance, receiver and transmitter synthesizer (phase) noise, frequency error, DC offset and non-linear characteristics of the power amplifier.

The downlink direction is studied, i.e., the transmitter is a BTS transmitter and the receiver is a terminal receiver.

Realistic transmitter and receiver impairment levels have been used. The details are described in Annex B.

3.1.3 Demodulator

3.1.3.1 8PSK

For 8PSK modulated signals, a state-of-the-art receiver is used.

3.1.3.2 16QAM

For 16QAM-modulated signals, a 4-state RSSE equaliser is used. Channel tracking/frequency error correction is not implemented (for further study; the results for 16QAM may be slightly pessimistic). This receiver complexity is about 20% higher than the 8PSK receiver. 

3.1.4 Decoder for turbo codes

The turbo decoder is run eight iterations per decoding attempt. The constituent decoders are sub-optimum LOGMAX decoders.

3.2 Link level results

The link level performance with ideal frequency hopping at 10% BLER and 1% BLER is summarised in Table 2 and Table 3. Detailed simulation results can be found in Annex C. Link level results without frequency hopping are not shown but have been used in system simulations presented in section 5.

	Modulation/coding scheme
	C/I @ 10% BLER [dB]
	Total gain
 [dB]

	
	Cc/8PSK
	Tc/8PSK
	Cc/16QAM
	Tc/16QAM
	

	5
	11.2
	10.4
	-
	-
	0.8

	6
	13.6
	12.8
	-
	-
	0.8

	7
	18.8
	-
	17.5
	16.4
	2.4

	8
	23.9
	-
	19.9
	19.2
	4.7

	9
	26.1
	-
	21.8
	20.6
	5.5


Table 2. Summary of link level performance with ideal frequency hopping @ 10% BLER.

	Modulation/coding scheme
	C/I @ 1% BLER [dB]
	Total gain1 [dB]

	
	Cc/8PSK
	Tc/8PSK
	Cc/16QAM
	Tc/16QAM
	

	5
	15.0
	13.9
	-
	-
	1.1

	6
	17.1
	16.2
	-
	-
	1.1

	7
	23.1
	-
	21.4
	20.3
	2.8

	8
	30.5
	-
	24.3
	23.4
	7.1

	9
	32.8
	-
	26.3
	24.9
	7.9


Table 3. Summary of link level performance with ideal frequency hopping @ 1% BLER.

Note: Turbo coded equivalents of MCS-7, MCS-8 and MCS-9 with 8PSK modulation have also been evaluated but not gains were seen compared to convolutional codes. Therefore these results are not included in this contribution.

4 Link-to-system interface

A two-stage mapping has been used. With this approach, the C/I is mapped to a block error ratio (BLEP) in two stages. In stage one, the model takes burst level C/I samples as input and maps them onto the (raw) bit error probability (BEP) for a burst. In stage two, the BEP samples of one radio block are grouped together and used to estimate the BLEP. This is done by calculating the mean and the standard deviation of the burst BEP samples of the block, and mapping these parameters onto the BLEP. Finally, the BLEP value is used to calculate whether the particular radio block was in error.

5 System performance evaluation

5.1 Simulation assumptions

Three different sets of modulation and coding schemes are compared. They are summarised in Table 4.

	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 4. Evaluated sets of modulation/coding schemes.

A dynamic system level simulator has been used to evaluate performance for packet data. The simulator models the network with 5 ms granularity (i.e., on burst level).

The system level scenarios are summarised in Table 5.

	Parameter
	Value

	
	Scenario 1
	Scenario 2
	Scenario 3

	Reuse
	1
	4/12
	4/12

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

	Frequencies per cell
	36
	3
	3

	Transceivers per cell
	12
	3
	3

	Frequency hopping
	Random
	No
	Random

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

	Cell radius
	500 m
	500
	500

	Power control
	No
	No
	No

	Pathloss model
	Okumura-Hata
	Okumura-Hata
	Okumura-Hata

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

	Rayleigh fading
	Yes
	Yes
	Yes

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

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

	Power backoff 8PSK
	3.3 dB
	3.3 dB
	3.3 dB

	Power backoff 16QAM
	5.3 dB
	5.3 dB
	5.3 dB


Table 5. Summary of system simulation parameters.

The system performance is measured as the average FTP session bit rate versus offered load. Offered load is defined as the average number of bits added to each timeslot of the system per time unit (kbps/TS).

5.2 Results

The three different modulation and coding sets have been investigated in the three above described radio network scenarios. Below, the system level results are summarised. Power backoff according to Table 5 is included in all simulations. A comparison of performance with and without backoff is presented in section 5.2.4.
5.2.1 Scenario 1: 1-reuse with random frequency hopping

Scenario 1, 1-reuse with random frequency hopping, is the tight reuse scenario of the investigation and could for example be users on traffic channels that are tightly planned due to limited spectrum. 

Figure 2 shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile). This allows for an analysis of how users in different radio quality situations are affected by the introduction of higher order modulation and turbo coding.  
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Figure 2. Average session bit rate percentiles, 10th percentile (blue), 50th percentile (red), 90th percentile (black), as a function of offered FTP load, for MCS set 1, 2 and 3.

In Figure 2 it can be seen that the users with the best radio quality (90th percentile) do not gain very much, up to approximately 10% gain for the highest load case. However, the users with worse radio quality (10th and 50th percentiles) experience significantly higher gains. The general gains on the 10th percentile are approximately 35-40 % for 16QAM + turbo, and 15-20 % with plain 16QAM. For the median users (50th percentile) the general session bit rate gains are approximately 20-30% for the 16QAM + turbo set, and 5-15% for the 16QAM set. 

Furthermore, the improvement in bit rate performance lowers the load of the system, since the staying time of each user gets shorter. This improves the capacity of the system. Figure 3 shows an example where the normalised spectrum efficiency is shown for different service requirements. It is important to note that the relative capacity gain depends highly on the chosen service requirement. If the bit rate requirement is higher, the relative capacity gain from higher order modulation and turbo coding gets higher, but the total capacity gets lower. Taking that into account and choosing for example a 60 kbps bit rate requirement, it can be seen in Figure 3 that the capacity gain with 16QAM + turbo is just below 50%.

[image: image3.wmf]
Figure 3 Normalised spectrum efficiency as a function of different service requirements, for 1-reuse with frequency hopping.

Note: The difference between these simulation results and those previously presented [4] is that real LQC has been used and that power backoff is included. The reason why the absolute performance is better here than in [4] is that a bug was found in the previous simulations. The LQC previously used, which was claimed to be “ideal”, was in fact very suboptimal.

5.2.2 Scenario 2: 12-reuse without frequency hopping

Scenario 2, 12-reuse without frequency hopping, is one of the sparse reuse scenarios investigated and could for example be users on a broadcast channel
 that is sparsely planned to ensure secure signalling operation. 

Figure 4 shows the average session bit rate for different user percentiles (10th, 50th, and 90th percentile). This allows for an analysis of how users in different radio quality situations are affected by the introduction of higher order modulation and turbo coding.
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Figure 4 Average session bit rate percentiles, 10th percentile (blue) , 50th percentile (red), 90th percentile (black), as a function of normalised system load, for MCS set 1, 2 and 3.
In Figure 4 it can be seen that also for the 12-reuse, the gains for the 90th percentile users are limited. For the users with lower radio quality (10th and 50th percentiles) the gain is substantial. The general gain at the 10th percentile is approximately 40-45% with the 16QAM + turbo set and 20-25% with the 16QAM set, depending on system load. For the 50th percentile these general gains are approximately 20-40% for 16QAM + turbo and 10-20% for 16QAM, depending on system load.

Note: the bit rate curves for EGPRS do not reach an offered load of 30 kbps/TS since that load cannot be offered with EGPRS in this scenario. 

Furthermore, the improvement in bit rate performance lowers the load of the system, since the staying time of each user gets shorter. This improves the capacity of the system. Figure 5 shows an example where the normalised spectrum efficiency is shown for different service requirements. It is important to note that the relative capacity gain depends highly on the chosen service requirement. If the bit rate requirement is higher, the relative capacity gain from higher order modulation and turbo coding gets higher, but the total capacity gets lower. Taking that into account and choosing for example a 80 kbps bit rate requirement
, it can be seen in Figure 5 that the capacity gain with 16QAM + turbo is just above 60%.
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Figure 5 Normalised spectrum efficiency as a function of different service requirements, for 12-reuse without frequency hopping.

5.2.3 Scenario 3: 12-reuse with random frequency hopping

Scenario 3, 12-reuse with frequency hopping, is the other of the sparse reuse scenarios investigated and could for example be users on a traffic channel that is sparsely planned due to more generous spectrum availability.

Since frequency hopping does not make very large differences in performance for packet data services in sparse reuse scenarios, performance with and without frequency hopping are given in the same plot.

Figure 6 shows the same curves as in Figure 4 only the corresponding results with frequency hopping have been added with dashed lines.

[image: image6.wmf]
Figure 6 Average session bit rate percentiles, 10th percentile (blue), 50th percentile (red), 90th percentile (black). 12-reuse without frequency hopping (solid) and with frequency hopping (dashed) , for MCS set 1, 2 and 3.

Figure 6 shows that the performance is quite similar both with and without frequency hopping in the 12 reuse scenario. It is however visible that frequency hopping gives a very slight decrease in performance for standard 8PSK, while it gives a very small improvement for 16 QAM and a slightly higher performance with 16QAM + turbo, where the increased diversity can be exploited. In total, the general improvements in session bit rates are further increased by a few percent with 16QAM and slightly more with 16QAM + turbo, by the introduction of frequency hopping.

5.2.4 The impact of power back off

In the above results, the power back off factors given in Table 5 have been used. In a similar manner as with frequency hopping, it has also been investigated how the removal of the power back off factors affects the results. This means that all the three modulations (GMSK, 8PSK, and 16QAM) will be using the same output power. 

Figure 7 shows the same plot as in Figure 4, but the corresponding results without power back off have been added with dashed lines. 

[image: image7.wmf]
Figure 7 Average session bit rate percentiles, 10th percentile (blue) , 50th percentile (red), 90th percentile (black). 12-reuse with power back off (solid) and without power back off (dashed), for MCS set 1, 2 and 3.

Figure 7 shows that average session bit rates are slightly higher without power back off. However, the relative gains achieved by using higher order modulation and turbo coding are quite similar both with and without power back off.

6 Discussion

6.1 Link level performance

Turbo codes show gains in the order of 1 dB in all evaluated cases (MTCS-5, MTCS-6, MTCS-7-16QAM, MTCS-8-16QAM, MTCS-9-16QAM), compared to convolutional codes. No gains have been found for 8PSK-modulated turbo-coded equivalents of MCS-7 to MCS-9 (simulation results not shown in this contribution). It is clear that in order to get gains with turbo codes for a wide range of MCSs, they need to be combined with higher order modulations. The combination of 16QAM and turbo codes gives gains of up to 5.5 dB at 10% BLER and up to 7.9 dB at 1% BLER.

6.2 System level performance

Turbo codes together with 16QAM will give significant gains in average session bit rate in a 1-reuse network. The gains are present (and even seem to increase) with higher loads. At 8 kbps/timeslot offered FTP load, the average session bit rate gain is about 20-25% (see 5.2.1). 8 kbps/timeslot offered FTP load corresponds to a frequency load of 10-15%, which is a higher load than in most networks deployed today.

It is interesting to note (see Figure 2) that all users benefit from the improvements. In fact, the relative gains are larger, about 30-40%, for the average users and the users experiencing the worst conditions (50th and 10th percentile). 

The reason why lower percentiles are so positively affected is that users in worse radio conditions have very varying radio conditions, but high MCSs are still sometimes used. With 16QAM, and particularly with the addition of turbo coding as well, these radio quality variations can be exploited through interference diversity gains. This is not the case with traditional EGPRS, where the higher MCS:s cannot benefit from interference diversity due to the high coding rates.

Users with high average radio quality (higher percentiles) will use the high MCSs far more regularly, which increases the possibilities to gain from the enhanced robustness. However, due to the fair and stable radio conditions the robustness gains are limited and the bit rates are high, resulting in a smaller relative gain than what is seen in lower percentiles.
Turbo codes together with 16QAM also give significant gains in average session bit rate in a 12-reuse scenario, regardless of if frequency hopping is used or not. In the 12-reuse scenario the users with the best radio quality (90th percentile) will experience only small gains. However, for the 10th and 50th percentiles, performance increases by as much as 40-45%.

Thus, higher order modulation and turbo coding improves session bit rate performance significantly, both in tight and sparse reuse.

In addition, regardless of reuse scenario, since 16QAM and turbo codes make the transmission more efficient, FTP session airtime will be reduced. Thereby less interference will be generated in the system, which benefits all users and increases the capacity of the system. It is important to note that the relative capacity gain depends highly on the chosen service requirement. If the bit rate requirement is higher, the relative capacity gain from higher order modulation and turbo coding gets higher, but the total capacity gets lower. Taking that into account the gains in spectral efficiency where around 50% for a 60 kbps bit rate requirement in 1-reuse, and around 60% for an 80 kbps requirement in 12-reuse. 

Thus, a combination of higher order modulation and turbo coding improves capacity significantly.

7 Conclusions

Even though turbo codes give gains for low-rate 8PSK modulated MCSs (MCS-5 and MCS-6), these gains alone will not translate into major system level gains.

On the other hand, a combination of 16QAM and turbo codes gives significant improvements on both link and system level for a wide range of MCSs. On system level, average bit rates increase for all users both in tight and sparse reuse network, regardless of if frequency hopping is used or not. While the gains for the highest percentiles of users (i.e., those with the highest session bit rates) are limited since their bit rates are already are close to the peak rate, the bit rates of the median users and the worst uses increase by as much as 30-40% in a 1-reuse and by 40-45% in a 12-reuse. This implies an experienced reduction in download time (latency) of 20-30%.

Further, the combination of turbo codes and 16QAM increases the spectral efficiency by 50-60%.

It is proposed to include these findings in the feasibility study report for the GERAN evolution work item.
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Annex A Details of channel coding schemes

This annex contains details of the evaluated modulation and coding schemes.

A.1 EGPRS

The EGPRS coding schemes are summarised in Table 6.

	Modulation and coding scheme
	Family
	User PDU (bytes)
	User Data Rate (kbps)
	Modulation
	Payload Length *) 
	Overhead **)
	Payload Coding Rate ***)
	Interleaving depth

	MCS-1
	C
	1×22
	8.8
	GMSK
	1×190
	92
	0.51
	4

	MCS-2
	B
	1×28
	11.2
	GMSK
	1×238
	92
	0.64
	4

	MCS-3
	A
	1×37
	14.8
	GMSK
	1×310
	92
	0.83
	4

	MCS-4
	C
	1×44
	17.6
	GMSK
	1×366
	92
	0.98
	4

	MCS-5
	B
	1×56
	22.4
	8PSK
	1×460
	144
	0.37
	4

	MCS-6
	A
	1×74
	29.6
	8PSK
	1×606
	144
	0.49
	4

	MCS-7
	B
	2×56
	44.8
	8PSK
	2×462
	168
	0.75
	4

	MCS-8
	A
	2×68
	54.4
	8PSK
	2×558
	168
	0.91
	2

	MCS-9
	A
	2×74
	59.2
	8PSK
	2×606
	168
	0.99
	2

	*) Including FBI, E bits and CRC.

**) Encoded RLC/MAC header, USF and stealing bits.

***) Tail bits are viewed as channel coding redundancy.


Table 6. EGPRS modulation and coding schemes

A.2 Convolutional codes on 16QAM

Three 16QAM-modulated coding schemes with convolutional codes are summarised in Table 7.

	Modulation and coding scheme
	Family
	User PDU (bytes)
	User Data Rate (kbps)
	Modulation
	Payload Length *) 
	Overhead **)
	Payload Coding Rate ***)
	Interleaving depth

	MCS-7-16QAM
	B
	2×56
	44.8
	16QAM
	2×462
	168
	0.55
	4

	MCS-8-16QAM
	A
	2×68
	54.4
	16QAM
	2×558
	168
	0.66
	4

	MCS-9-16QAM
	A
	2×74
	59.2
	16QAM
	2×606
	168
	0.72
	4

	*) Including FBI, E bits and CRC.

**) Encoded RLC/MAC header, USF and stealing bits.

***) Tail bits are viewed as channel coding redundancy.


Table 7. 16QAM-modulated coding schemes with convolutional codes.

A.3 Turbo codes with 8PSK modulation

The 8PSK-modulated coding schemes with turbo codes are summarised in Table 8.

	Modulation and coding scheme
	Family
	User PDU (bytes)
	User Data Rate (kbps)
	Modulation
	Payload Length *) 
	Overhead **)
	Payload Coding Rate ***)
	Interleaving depth

	MTCS-5
	B
	1×56
	22.4
	8PSK
	1×462
	144
	0.37
	4

	MTCS-6
	A
	1×74
	29.6
	8PSK
	1×606
	144
	0.49
	4

	*) Including FBI, E bits and CRC.

**) Encoded RLC/MAC header, USF and stealing bits.

***) Tail bits are viewed as channel coding redundancy.


Table 8. 8PSK-modulated coding schemes with turbo codes.

A.4 Turbo codes with 16QAM modulation

The 16QAM-modulated coding schemes with turbo codes are summarised in Table 9.

	Modulation and coding scheme
	Family
	User PDU (bytes)
	User Data Rate (kbps)
	Modulation
	Payload Length *) 
	Overhead **)
	Payload Coding Rate ***)
	Interleaving depth

	MTCS-7-16QAM
	B
	2×56
	44.8
	16QAM
	2×462
	168
	0.55
	4

	MTCS-8-16QAM
	A
	2×68
	54.4
	16QAM
	2×558
	168
	0.66
	4

	MTCS-9-16QAM
	A
	2×74
	59.2
	16QAM
	2×606
	168
	0.72
	4

	*) Including FBI, E bits and CRC.

**) Encoded RLC/MAC header, USF and stealing bits.

***) Tail bits are viewed as channel coding redundancy.


Table 9. 16QAM-modulated coding schemes with turbo codes.

Annex B Details of impairment models

This annex contains details of the transmitter and receiver impairments.

B.1 Transmitter

The transmitter impairment parameters in Table 10 have been used.

	Impairment
	Value

	I/Q gain imbalance
	0.1 dB

	I/Q phase mismatch
	0.2 degrees

	DC offset
	-45 dBc

	Phase noise
	0.8 degrees RMS

	PA model
	Yes


Table 10. Transmitter impairment parameters.

The power amplifier model reflects a state-of-the-art power amplifier with sufficient back-off. The distortion from the PA is in the order of 0.25% EVM RMS, which does not give noticeable impact on performance.

B.2 Receiver

The receiver impairment parameters in Table 11 have been used.

	Impairment
	Value

	I/Q gain imbalance
	0.2 dB

	I/Q phase mismatch
	1.5 degrees

	DC offset
	-40 dBc

	Phase noise
	1.0 degrees RMS

	Frequency error
	25 Hz


Table 11. Receiver impairment parameters.

Annex C Link simulation results
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Figure 8. MCS-5 and MTCS-5.
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Figure 9. MCS-6 and MTCS-6.
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Figure 10. MCS-7, MCS-7-16QAM and MTCS-7-16QAM.
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Figure 11. MCS-8, MCS-8-16QAM and MTCS-8-16QAM.
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Figure 12. MCS-9, MCS-9-16QAM and MTCS-9-16QAM.

� Best scheme versus EGPRS.


� Note that three non-hopping frequencies are used per cell in this scenario, thus it is not identical to a scenario where EDGE is deployed on BCCH frequencies. However, similar performance can be expected. This scenario was chosen to allow a comparison with the other scenarios.


� A different level is chosen here since all curves do not reach the 60 kbps/TS level used in the 1-reuse scenario.
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