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1 Introduction

Turbo coding schemes have been used very successfully in 3GPP RAN to improve communications performance. The requirement for higher average throughput within Future GERAN Evolution makes Turbo Coding schemes an attractive candidate for inclusion in future releases of GERAN standardization. 

The following text is a much extended version of the proposal made in the contribution to 3GPP GERAN#26 [2]. The text now considers the advantages of using Turbo Coding across the range of MCSs. It proposed to be included in the TR Feasibility Study on Future GERAN evolution [1], as a replacement to the text included from [2].
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3 Proposed Text for TR

4 NEW CODING SCHEMES
4.1 INTRODUCTION

Convolutional coding is currently used for MCS coding for packet service over EGPRS. As a replacement to these within Future GERAN Evolution, Turbo Coding schemes can be considered as a candidate to increase the mean bit rates. This chapter addresses the impact of introducing turbo coding schemes in comparison to the convolutional coding schemes currently used in EGPRS, and convolutional coding schemes with higher order modulation.

4.2 CONCEPT DESCRIPTION
4.2.1 Channel Coding

Much work has been done within the framework of 3GPP RAN standardization with Turbo coding. This chapter takes the turbo coding scheme, and subsequent rate matching as it is used in RAN [3].

The reference configuration used is the existing EGPRS coding schemes MCS-5 to MCS-9. This is compared to the performance of Turbo Coding schemes with the same coding rate. 

The performance of convolutional coding with 16-QAM modulation is also considered.

Also, it is also known in the literature that, unlike Convolutional coding schemes, the performance of turbo codes tends to improve with source code block length. The basic simulations were extended to investigate the potential of this property. Doubling of the source code block length was considered.

4.2.2 Interleaving

For non-MCS coding schemes, rectangular interleaving is done across the bursts. For basic block, it is done across 4 bursts. For a doubling of the source code word, interleaving across 8 slots is used to transmit the block. Bit-wise interleaving is performed. The structure for interleaving over 8 slots, and the structure for interleaving for 16-QAM modulation are similar to that for EGPRS interleaving. 

4.2.3 Header Block

The header block would most likely require modification. Since the header is relatively short, a change from Convolutional to Turbo coding is probably not relevant. However, some improvement of the header coding may be required to be properly aligned with the improvement in the performance of the data block reception. This aspect is left for further study.

4.2.4 USF Signaling

The USF signaling to instruct transmission from MS would probably not be affected for a finally selected scheme for 8-PSK modulation.

For 16-QAM modulation a stronger block code would have to be devised to maintain robustness, and the network would probably be limited for the case that it was required to signal to legacy mobiles that support only EGPRS. This is similar to the case today for GPRS-only legacy mobiles in a EGPRS environment.
4.2.5 Link Adaptation

The current mechanism for EGPRS link adaptation is based on BEP reporting. BEP measurements are independent of specific coding scheme used as it essentially estimates the expected uncoded BER. So it is anticipated that the current BEP scheme could be utilized with appropriate modifications to the link adaptation mapping.
4.2.6 Incremental Redundancy Combining

The current mechanism for incremental redundancy combining is based on a “family” of MCSs where the members of the family have multiples of a basic payload unit [7]. A modified form of this could be used for Turbo codes MCSs.
4.2.7 Multislot Classes

For configurations that interleave a block over 4 bursts, there should be no need for modifications to the Multislot classes. There may be a need for additional multislot class to support signaling of configurations that interleave across dual carriers.
4.2.8 Non-core Components

The components described below are not necessary to the core concept of turbo coding within GERAN. However, during the work we observed, particularly for 16-QAM modulation, that the combined effect together with Turbo coding was greater than the sum of the parts. They have therefore been included as sub-components as an addition to the core concept, and the combined performance is also reported.

4.2.8.1 Modulation

Higher Order Modulation using 16-QAM has been described in detail in other contributions [5],[6], and been included in the Feasibility study. This has been included into the configurations considered, in order to show the relatively larger improvement that can be obtained by combination with Turbo coding schemes.
4.2.8.2 Dual Carrier

The dual carrier concept has been described in detail in [7]. We have investigated the improvement in throughput performance that can be obtained by defining a configuration where the turbo-coded RLC block is interleaved between the different carriers (or hopping sequences). This is a specific example of doubling the source block length which can fit within the same TTI and be interleaved over 8 essentially decorrelated bursts.

It is considered unlikely that a dual carrier configuration would be deployed on 2 carriers in the non-hopping layer. However, as a lower limit, the performance under these conditions is considered.
Note, it is instructive to consider what frequency separation is needed in order to have carrier channels that can be considered as largely independent for fast fading. For channels such as TU which has rms delay spread of ~1µs, which corresponds to a coherence bandwidth of ~160kHz, significant decorrelation may be assumed for channels even 600kHz apart. 
4.3 MODELING ASSUMPTIONS
4.3.1 Coding and Interleaving Configurations

Table 1 shows the modulation and coding scheme configuration considered as turbo code equivalent for MCS-5 through MCS-9, i.e. maintaining the same code rate. The configurations for interleaving over 8 bursts are also shown.

Table 2 shows the modulation and coding schemes proposed for turbo codes combined with 16QAM. For the shorter block lengths in the region of the MCS-5 to MCS-9 codes, source data block lengths are kept the same as those for EGPRS. Longer blocks have been added in the regions that EGPRS schemes are not able to address. Configurations for interleaving over 8 bursts are again shown as well.
Table 1: Modulation and Coding Configurations

	Modulation and Coding Scheme
	Data  Block Length (bits)
	Coding
	Data Code Rate
	Interleaving Depth
	Data Rate   (per 200kHz channel)

	MCS-5
	450
	Conv
	0.37
	4
	22.5

	MCS-5-T4
	450
	Turbo
	0.37
	4
	22.5

	MCS-5-T8
	900
	Turbo
	0.37
	8
	22.5

	MCS-6
	594
	Conv
	0.49
	4
	29.7

	MCS-6-T4
	594
	Turbo
	0.49
	4
	29.7

	MCS-6-T8
	594*2
	Turbo
	0.49
	8
	29.7

	MCS-7
	450*2
	Conv
	0.76
	2
	45.0

	MCS-7-T4
	900
	Turbo
	0.76
	4
	45.0

	MCS-7-T8
	1800
	Turbo
	0.76
	8
	45.0

	MCS-8
	546*2
	Conv
	0.92
	2
	54.6

	MCS-8-T4
	1092
	Turbo
	0.92
	4
	54.6

	MCS-8-T8
	2184
	Turbo
	0.92
	8
	54.6

	MCS-9
	594*2
	Conv
	1
	2
	59.4


Table 2: Modulation and Coding Configurations – with 16QAM
	Modulation and Coding Scheme
	Data  Block Length (bits)
	Coding
	Data Code Rate
	Interleaving Depth
	Data Rate   (per 200kHz channel)

	MCS-6-16QAM
	594
	Conv
	0.37
	4
	29.7

	MCS-6-T4-16QAM
	594
	Turbo
	0.37
	4
	29.7

	MCS-6-T8-16QAM
	594*2
	Turbo
	0.37
	8
	29.7

	MCS-7-16QAM
	450*2
	Conv
	0.57
	2
	45.0

	MCS-7-T4-16QAM
	900
	Turbo
	0.57
	4
	45.0

	MCS-7-T8-16QAM
	1800
	Turbo
	0.57
	8
	45.0

	MCS-8-16QAM
	546*2
	Conv
	0.69
	2
	54.6

	MCS-8-T4-16QAM
	1092
	Turbo
	0.69
	4
	54.6

	MCS-8-T8-16QAM
	2184
	Turbo
	0.69
	8
	54.6

	MCS-9-T4-16QAM
	1188
	Turbo
	0.75
	4
	59.4

	MCS-9-T8-16QAM
	2376
	Turbo
	0.75
	8
	59.4

	MCS-10-T4-16QAM
	1400
	Turbo
	0.89
	4
	70.0

	MCS-10-T8-16QAM
	2800
	Turbo
	0.89
	8
	70.0

	MCS-11-T4-16QAM
	1500
	Turbo
	0.95
	4
	75.0

	MCS-11-T8-16QAM
	3000
	Turbo
	0.95
	8
	75.0


4.3.2 Channel Interferer Environments

Both co-channel interferer and sensitivity limited scenarios have been considered in the reported simulation results.
4.3.3 Practical Impairments

4.3.3.1 Mobile Station Impairments

The reported simulation results include the effects of amplitude and phase imbalance in the MS. Values used:

Amplitude Imbalance
0.4 dB

Phase Imbalance
2.8 degrees

4.3.3.2 Base Station Impairments

The reported simulation results do not include base station impairments.
4.4 PERFORMANCE CHARACTERIZATION
4.4.1 Uncoded BER Performance

Figure 1 shows the uncoded BER performance of the basic receiver for 8-PSK and 16-QAM modulation. This shows good alignment of the basic receiver performance with previously reported results by other contributors [6].
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Figure 1: Uncoded BER for 8-PSK under TU3 Channel
4.4.2 BLER Performance of Turbo Coding with 8-PSK

This section reports the results of simulations using logical channel configurations defined in Table 1. These define combinations of Turbo coding with 8-PSK modulation only.



Table 3
 shows the relative gains for TU3iFH Co-Channel  scenario. As can be observed, the gains are relatively modest, in the region of 1-1.5dB for a 4 slot interleaver, improving to 1.5-2.5dB for 8 slot interleaver.

Note that for MCS-9 there is no improvement in basic BLER to be made, since the code rate is already 1.

It was assessed that the relatively modest improvements were most likely due to the relatively high code rates (MCS-6 already has code rate 0.76), and that a combination of Turbo Coding with 16-QAM would provide more potential for gain. The performance results for this is reported in the following sections.

4.4.3 BLER Performance of Turbo Coding Combined with 16-QAM

This section reports the results of simulations using logical channel configurations defined in Table 2. These define combinations of Turbo coding with 8-PSK or 16-QAM modulation.

The BLER performance has been considered under a number of different channel configurations and conditions. In the main body of the text, the results for TU3 channel with ideal hopping are presented, for both co-channel interferer and sensitivity limited scenarios. 

The other detailed BLER results, from which the throughput curves in Section ‎4.4.5 are derived, are presented in the Appendix to this chapter. Those results look at the impact of non hopping channels.

Figure 2 to Figure 8 show the BLER performance curves for TU3iFH under co-channel scenario; Figure 9 to Figure 15 show the BLER curves for TU3iFH under sensitivity limited scenario. The performance improvements for BLER=10% are shown in Table 4 and Table 5.

The results for the Turbo coded configurations are consistently better than both the current MCS configurations, and equivalent configurations using 16-QAM modulation. The improvement increases in going from MCS-5 to MCS-9 with gains in the region of 1.5 to 12dB for 4 slot interleaving, rising to gains of 2.6 to 13.7dB for 8 slot interleaving.

Significant gains of up to 4.2dB are obtained for equivalent configurations to MCS-5 and MCS-6, compared to both standard MCS codes, and a configuration using 16-QAM with convolutional coding. These are gains that are particularly helpful at a system level in improving throughput for the worst condition users. This will be noted in more detail in Section ‎4.4.6.

4.4.4 Comparison to Ericsson Results

These results have been compared to those reported by Ericsson [10] for the co-channel scenario. Although, there is not an exact alignment, the Ericsson results also confirm the assertions based on the results presented here. It should be noted that the improvements (both as absolute C/Ico, and relative) are larger than those reported in [10].
It should also be noted that there is also substantial further gain to be achieved by interleaving blocks over 8 slots (for example using dual carrier to maintain TTI value).

Table 3: Performance Improvement of Turbo Coding with 8-PSK only vs. EGPRS Logical Channels in TU3iFH Co-Channel Scenario
	
	Co-Channel

	Modulation and Coding Scheme
	C/Ico (dB) @ 10% BLER
	Gain (dB) v MCS    @ 10% BLER

	MCS-5
	9.5
	-

	MCS-5-T4
	8
	1.5

	MCS-5-T8
	7
	2.5

	MCS-6
	12
	-

	MCS-6-T4
	10.5
	1.5

	MCS-6-T8
	9.5
	2.5

	MCS-7
	18
	-

	MCS-7-T4
	17
	1.0

	MCS-7-T8
	16
	2.0

	MCS-8
	24
	-

	MCS-8-T4
	23
	1.0

	MCS-8-T8
	22.5
	1.5


Table 4: Performance Improvement vs EGPRS Logical Channels in TU3iFH Co-Channel Scenario
	Modulation and Coding Scheme
	C/Ico (dB) @ 10% BLER
	Gain (dB) v MCS    @ 10% BLER

	MCS-5
	9.5
	-

	MCS-5-T4
	8
	1.5

	MCS-5-T8
	7
	2.5

	MCS-6
	12
	-

	MCS-6-16QAM
	12
	0

	MCS-6-T4-16QAM
	10
	2

	MCS-6-T8-16QAM
	9
	3

	MCS-7
	18
	-

	MCS-7-16QAM
	15.5
	2.5

	MCS-7-T4-16QAM
	14.5
	3.5

	MCS-7-T8-16QAM
	13.5
	4.5

	MCS-8
	24
	-

	MCS-8-16QAM
	18.5
	5.5

	MCS-8-T4-16QAM
	17.5
	6.5

	MCS-8-T8-16QAM
	16.5
	7.5

	MCS-9
	29
	-

	MCS-9-16QAM

	21
	8

	MCS-9-T4-16QAM
	19.5
	9.5

	MCS-9-T8-16QAM
	18
	11

	MCS-10-T4-16QAM
	26.5
	-

	MCS-10-T8-16QAM
	24.8
	-

	MCS-11-T4-16QAM
	~31
	-

	MCS-11-T8-16QAM
	~31
	-


Table 5: Performance Improvement vs EGPRS Logical Channels in TU3iFH Sensitivity Scenario

	Modulation and Coding Scheme
	Eb/No(dB) @ 10% BLER
	Gain (dB) v MCS    @ 10% BLER

	MCS-5
	4.4
	-

	MCS-5-T4
	2.9
	1.5

	MCS-5-T8
	1.8
	2.6

	MCS-6
	6.8
	-

	MCS-6-16QAM
	6.8
	0

	MCS-6-T4-16QAM
	3.6
	3.2

	MCS-6-T8-16QAM
	2.4
	4.2

	MCS-7
	12.5
	-

	MCS-7-16QAM
	9.3
	3.2

	MCS-7-T4-16QAM
	8
	4.5

	MCS-7-T8-16QAM
	6.5
	6

	MCS-8
	19.5
	-

	MCS-8-16QAM
	12
	7.5

	MCS-8-T4-16QAM
	11
	8.5

	MCS-8-T8-16QAM
	9.8
	9.7

	MCS-9
	25
	-

	MCS-9-16QAM
	14.5
	10.5

	MCS-9-T4-16QAM
	13
	12

	MCS-9-T8-16QAM
	11.3
	13.7

	MCS-10-T4-16QAM
	20.2
	-

	MCS-10-T8-16QAM
	18
	-

	MCS-11-T4-16QAM
	25.5
	-

	MCS-11-T8-16QAM
	25
	-


4.4.4.1 Graphs for Co-Channel Interferer Case (TU3iFH)
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Figure 2: TU3iFH Co-Channel Performance (MCS-5)
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Figure 3: TU3iFH Co-Channel Performance (MCS-6)
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Figure 4: TU3iFH Co-Channel Performance (MCS-7)
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Figure 5: TU3iFH Co-Channel Performance (MCS-8)
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Figure 6: TU3iFH Co-Channel Performance (MCS-9)
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Figure 7: TU3iFH Co-Channel Performance (MCS-10 16-QAM)
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Figure 8: TU3iFH Co-Channel Performance (MCS-11 16-QAM)
4.4.4.2 Graphs for Sensitivity Limited Case (TU3iFH)
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Figure 9: TU3iFH Sensitivity Performance (MCS-5)
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Figure 10: TU3iFH Sensitivity Performance (MCS-6)
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Figure 11: TU3iFH Sensitivity Performance (MCS-7)
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Figure 12: TU3iFH Sensitivity Performance (MCS-8)
[image: image13.emf]0 5 10 15 20 25 30

10

-3

10

-2

10

-1

10

0

Eb/No (dB)

BLER

MCS-9

MCS-9-16QAM

MCS-9-T4-16QAM

MCS-9-T8-16QAM


Figure 13: TU3iFH Sensitivity Performance (MCS-9)
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Figure 14: TU3iFH Sensitivity Performance (MCS-10 16-QAM)
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Figure 15: TU3iFH Sensitivity Performance (MCS-11 16-QAM)
4.4.5 Throughput Performance Gain
This section presents the performance gain of a number of different logical channel set combinations under the physical channel scenarios considered. It is assumed that there is ideal Link Adaptation. The throughput of a logical channel combination is approximated as:


Throughput = (1-BLER) * DataPayloadPerBlock * BlockPerSecond

The logical channel configuration combinations used are shown in Table 6. Figure 16 to Figure 21 show the absolute throughput and throughput gains for these schemes under the different channel scenarios.

Performance results were not available for MCS-x-16QAM using data rates above 59kb/s. Therefore that throughput gain curve has been curtailed above 95%*59kb/s.
For the TU3iFH co-channel case (Figure 16, Figure 17) and sensitivity case (Figure 18, Figure 19) the average throughput gains are approx 20% and 30% respectively.

For the non-hopping case under TU50 conditions (Figure 20, Figure 21) the throughput gains are in the region of 15-20%.

Table 6: Configurations Used for Throughput Graphs

	Scheme A
	Scheme B
	Scheme C


	MCS-5
	MCS-5
	MCS-5-T8

	MCS-6
	MCS-6
	MCS-6-T8-16QAM

	MCS-7
	MCS-7-16QAM
	MCS-7-T8-16QAM

	MCS-8
	MCS-8-16QAM
	MCS-8-T8-16QAM

	MCS-9
	MCS-9-16QAM
	MCS-9-T8-16QAM

	
	
	MCS-10-T8-16QAM

	
	
	MCS-11-T8-16QAM


Note that Figure 16, Figure 18 and Figure 20, all show a “knee” effect in throughput for Scheme C (Turbo) at around 59kb/s. This occurs because of the superior performance of the turbo code, and a relatively large jump in maximum throughput changing from MCS-9 to MCS-10 (59kb/s to 70kb/s) as it has been defined here. As an updated proposal we would modify the definitions of MCS-10/11 (and probably add a further MCS) to cover the range of data rates above 59kb/s.
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Figure 16: Throughput for TU3iFH Co-Channel
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Figure 17: Throughput Gain (%) for TU3iFH Co-Channel
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Figure 18: Throughput for TU3iFH Sensitivity
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Figure 19: Throughput Gain (%) for TU3iFH Sensitivity

[image: image20.emf]0 5 10 15 20 25 30

0

1

2

3

4

5

6

7

x 10

4

C/Ico (dB)

Throughput/Carrier (kb/s)

Scheme A

Scheme B

Scheme C


Figure 20: Throughput for TU50nH Co-Channel
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Figure 21: Throughput Gain (%) for TU50nH Co-Channel
4.4.6 System Performance
In this contribution, a full system analysis has not been reported. However, based on the results it is possible to make some general comments.
In order to understand relevant C/I operating values, the C/I CDFs presented recently in contributions by Ericsson [8] and TeliaSonera [9] have been used. The curves are shown in Figure 22.

Turbo codes together with 16QAM modulation give a significant increase in the average throughput across all the C/I range. The increase is in the region of 15-30% across the scenarios reported. 
The increases are not limited to certain user conditions; the benefit is observed across the range of conditions, so that the 5% worst case users also benefit substantially. From Figure 17 the throughput gains for the relevant C./Ico range (3-12dB) is in the region of 15-35%.
The maximum throughput is ultimately determined by the modulation scheme as the code rate tends to 1. This is not dependent on the channel coding scheme used.
It should also be noted that the block lengths used here do not lead to smooth throughput hull curves. Further study will be required to optimize the selection of new MCS configurations.
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Figure 22: CDFs of C/Ico Distribution
4.5 IMPLEMENTATION IMPACT
4.5.1 Processing Complexity
4.5.1.1 Turbo Encoding

Turbo encoding will require computational processing of similar complexity to the current convolutional encoders.
4.5.1.2 Turbo Decoding

Turbo decoding is more computationally complex than Viterbi decoding of convolutional codes. It is expected that a HW accelerator would typically available. The additional gate area of such a unit is very modest. In Dual mode GERAN/RAN handsets, the capability is already present. However, it is plausible that it may be done in SW in infrastructure equipment. An estimate of computational load is given here.

Convolutional Viterbi
For a source block of length L, encoded with convolutional code of constraint length K, the processing can be approximated by the number of ACS (add compare select) operations. For K=7:


NumACSConv = L.2(7-1) = 64.L

Turbo Decoding
For a source block of length L. Eight states are used in the BCJR component block, and 16 half iterations are assumed (as used for simulation results). Assuming that BCJR is approximately 4x the complexity of convolutional code decoder for same number of states
. This leads to


NumACSTurbo = 16.4.L.8 = 512.L

Table 7 shows the decoder processing load for a rate of 50 block/sec. Although the processing load of the decoder is substantially more than convolutional decoding, it still remains reasonable.
Table 7: Decoder Processing Load (Million ACS) @ 50 blocks/sec

	L
	500
	1000
	1500

	Conv, K=7
	1.6
	3.2
	4.8

	Turbo
	12.8
	25.6
	38.4


4.5.1.2.1 Limiting Maximum Block Length

One option for limiting processing load required in the case that a decoder is implemented as SW, in say the uplink, is to limit the maximum source block length used.
4.5.1.3 16-QAM Transmit Processing

16-QAM modulation processing is of similar complexity to that for 8-PSK modulation.
4.5.1.4 16-QAM Receive Processing

A 16-state equalizer suitable for 16-QAM modulation has been used for this work. This would imply approximately 2x processing load of an 8-state 8-PSK equalizer.
4.5.2 Impacts on the Mobile Station

For MS that already supports both GERAN and RAN, the existing Turbo coding capability can be re-used from RAN capability. Otherwise, the capability would need to be included, most likely by addition of small Turbo decoding accelerator.
4.5.3 Impacts on the BSS

4.5.3.1 Impacts to the transceiver

Some extra backoff will be required to accommodate the increased peak to average for 16-QAM modulation.
4.5.3.2 Processing Complexity

The processing complexity of a SW implementation has been estimated in Section ‎4.5.1. It been estimated at less than 40MIPS per timeslot/carrier.
4.5.3.3 Impacts to the PCU

None anticipated.

4.5.3.4 Impacts to BSS radio network planning

None anticipated.

4.5.4 Impacts on the Core Network

None anticipated.
4.5.5 Impacts on the Specifications

The following specifications will be affected:

· 3GPP TS 24.008: “Mobile radio interface Layer 3 specification; Core network protocols; Stage 3”

· 3GPP TS 45.001: “Physical layer on the radio path; General description”

· 3GPP TS 45.002: “Multiplexing and multiple access on the radio path”
· 3GPP TS 45.003: “Channel coding”
· 3GPP TS 45.005: “Radio transmission and reception”.
· 3GPP TS 45.008: “Radio subsystem link control”.
· 3GPP TS 43.064: “Overall description of the GPRS Radio Interface; Stage 2”.
· 3GPP TS 44.060: “General Packet Radio Service (GPRS); Mobile Station (MS) - Base Station System (BSS) interface; Radio Link Control (RLC) / Medium Access Control (MAC) protocol”
4.6 CONCLUSIONS
Turbo coding as a simple extension to EGPRS using 8-PSK modulation gives only relatively modest gains, with the largest gains in MCS-5 and MCS-6. MCS-7 and higher have relatively high code rates. It is assumed that this limits the gains.

Turbo coding combined with 16-QAM gives a very substantial improvement. Performance gains are very much larger, more so than could be expected based on code rate reduction only.
Interleaving of a block over 8 bursts gives a further substantial gain. This could be achieved by combining turbo codes with the dual carrier proposal. The improvement comes from the increased block length, and the frequency diversity provided. As noted, for channels with rms delay spread similar to TU channel, this can be achieved with channel separations of ~600kHz.

Overall, the expected average bit rate improvement is in the region of 25-40%. These throughput gains can be made more uniform over the C/I range by better optimizing the code rate points for the new MCSs.
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4.8 APPENDIX

4.8.1 16-QAM Modulation
The 16QAM modulation constellation is shown in Figure 23. 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 [12]. Gray mapping is used to map bits onto symbols.

For both 8PSK and 16QAM, the regular linearized GMSK pulse shape is used [12].
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Figure 23. 16-QAM modulation constellation.

4.8.2 Detailed BLER Results

4.8.2.1 Co-Channel Interferer (TU50 No Frequency Hopping)
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Figure 24: TU50nH Co-Channel Performance (MCS-5)
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Figure 25: TU50nH Co-Channel Performance (MCS-6)
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Figure 26: TU50nH Co-Channel Performance (MCS-7)
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Figure 27: TU50nH Co-Channel Performance (MCS-8)
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Figure 28: TU50nH Co-Channel Performance (MCS-9)
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Figure 29: TU50nH Co-Channel Performance (MCS-10 16-QAM)
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Figure 30: TU50nH Co-Channel Performance (MCS-11 16-QAM)
� Assume that MCS-9 achieves 1% BLER @ ~35dB


� Forward and Backward phases approx each same as Viterbi complexity. LLR computation is approx 2x Viterbi complexity
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