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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 proposed to be included in chapter 10 of the TR Feasibility Study on Future GERAN evolution [1]. It includes an evaluation of the potential of usage of Turbo Coding schemes, and includes simulation results of link level performance. Numbering and structure are according to the draft TR [1].

2 References

[1] GP-051806, “3GPP TR ab.cde v0.0.1 Feasibility Study on Future GERAN Evolution”, Output document from WG1 Adhoc on GERAN evolution, Montreal, June 2005.

3 Proposed text for TR

10.1
 Introduction

Convolutional coding is currently used for MCS coding for packet service over E-GPRS. 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. Currently simulations are for coding rates pertaining to MCS-5 and 6 only to demonstrate the potential.
10.2 
Concept description

The modulation and coding schemes that are currently available for current E-GPRS system use convolutional coding schemes. This chapter shows the possible performance enhancement with the introduction of turbo coding.  At this stage, consideration to aspects of header/USF signaling, and combining under incremental redundancy, has not yet been given.
10.2.1 
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 basic configuration tested is a convolutional coding scheme with coding rates equivalent to MCS-5/MCS-6. This is compared to the performance of Turbo Coding schemes with the same coding rate. (Clearly there is extra investigation required to compare across the range from MCS-1 through MCS-9.)
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 and quadrupling source code block length were considered.
10.2.2 
Interleaving

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. In order to avoid increase of transmission time interval (TTI), this would imply for example, i) use of dual carrier, or ii) transmission of more than one timeslot per TDMA frame for the block.  
The results presented here are for ideal hopping between the transmitted slots, that is, assumption of use of i).  For comparison, results for blocks using 16 transmission slots are also considered. It is assumed that that the channel for the different timeslots is uncorrelated.
10.2.3 
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 has not included in the investigation done here.

10.2.4 
USF Signaling

The USF signaling to instruct transmission from MS would probably not be affected for a finally selected scheme.
10.2.5 
Link Adaptation

The current mechanism for E-GPRS link adaptation is based on BEP reporting. BEP measurements are independent of specific coding scheme used as it essentially reports uncoded BER. So it is expected that the current BEP scheme could be utilized with appropriate modifications to the link adaptation mapping.
10.2.6 
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.
10.3 
Modeling assumptions and requirements

10.3.1 
Coding and Interleaving configurations
Table 1 shows the coding and interleaving schemes configurations used in the reported simulations. There are 2 groups in the initial evaluation considered here. The first group relates to comparison for a coding rate equivalent to MCS-5; the second group for coding rate equivalent to MCS-6. 
For the Convolutional Coding schemes, the information bits are encoded using the encoding scheme for E-GPRS [5], with R=1/3. The resulting code word is punctured uniformly to achieve the desired coding rate for transmission. Block lengths of 515 and 682 bits are used to achieve the coding rates for MCS-5 and MCS-6 respectively.
For the Turbo coding schemes, the information bits are always coded using turbo coding scheme of 3GPP RAN [3] with coding rate of 1/3. The coded bits are then punctured using the rate matching scheme as defined in 3GPP RAN [3] to obtain desired coding rate. 
Multiple block lengths of 515 and 682 are also used, with the consequent extra slots for transmission.
10.3.2 
Interferer Environments

Two environment configurations are considered here: 
i) Sensitivity -  limited by thermal noise, 
ii) Interference - limited by a co-channel interferer.
A Typical Urban channel with 3 km/h mobile speed (TU-3 iFH) at 900 MHz carrier frequency is used for both cases.

Single transmit and receive antenna receivers are assumed. 

	Notation
	Source Word Length
	Coding
	Coding Rate
	No. Uncoded Bits/Block
	No. Tx Slots per Block

	5C
	515
	Convolutional
	0.37
	1392
	4

	5T
	515
	Turbo
	0.37
	1392
	4

	5T2
	1030
	Turbo
	0.37
	2784
	8

	5T4
	2060
	Turbo
	0.37
	5568
	16

	
	
	
	
	
	

	6C
	682
	Convolutional
	0.49
	1392
	4

	6T
	682
	Turbo
	0.49
	1392
	4

	6T2
	1364
	Turbo
	0.49
	2784
	8

	6T4
	2728
	Turbo
	0.49
	5568
	16


Table 1 Coding configurations and parameters for modified and new coding schemes proposed

10.3.3 
Impairments

Transmitter and receiver impairments have not been included in the currently presented set of simulation results.

10.4 
Performance characterization

The results are presented for a sensitivity limited environment, and a co-channel interference limited environment.

10.4.1 
Comparison of BLER Performance 

10.4.1.1 
Sensitivity 

Data and graphs for the sensitivity case are shown in Table 2 and Figures 1 and 2. As seen in Table 2, and in Figure 1, the improvement between 5T compared to 5C, in the BLER 10% to 1% region varies between 2.6 to 3.3dB. For the lower coding rate case 6T v 6C, the improvement is in the region of 1.8 to 2.3dB.
For the longer block cases 5T2/5T4 and 6T2/6T4 we see a further improvement in performance. This is in line with our expectations for behavior of the Turbo code. For the 5T4 and 6T4 cases, this reaches up to 6.8dB.

10.4.1.2 
Co-Channel Interferer 

For the co-channel interferer case, the data and graphs are shown in Table 3 and Figures 3 and 4. For the 5T v 5C and 6T v 6C cases, in the region of  BLER=10% to 1% BLER, the improvements are ~3.3dB and ~2.2dB respectively.

For the longer block cases, 5T2/5T4 and 6T2/6T4, the effect of the longer block is still significant, though less marked than the sensitivity limited case. For 5T4 case the improvement reached 3.7-4.4dB; for the 6T4 case, it is 2.8-4dB. 
	Notation
	Source Word Length
	Coding
	No. Tx Slots
	Coding Rate
	Eb/No @  BLER=10%
	Eb/No @ BLER=1%
	Gain (dB) @ BLER 10%
	Gain (dB) @ BLER 1%

	5C
	515
	Convolutional
	4
	0.37
	8
	11.8
	-
	-

	5T
	515
	Turbo
	4
	0.37
	5.4
	8.5
	2.6
	3.3

	5T2
	515*2
	Turbo
	8
	0.37
	4.5
	6.8
	3.5
	5.0

	5T4
	515*4
	Turbo
	16
	0.37
	3.6
	5.0
	4.4
	6.8

	
	
	
	
	
	
	
	
	

	6C
	682
	Convolutional
	4
	0.49
	10.1
	14.0
	-
	-

	6T
	682
	Turbo
	4
	0.49
	8.3
	11.7
	1.8
	2.3

	6T2
	682*2
	Turbo
	8
	0.49
	6.8
	9.1
	3.3
	4.9

	6T4
	682*4
	Turbo
	16
	0.49
	6.1
	7.6
	4
	6.4


Table 2 BLER Performance for sensitivity limited environment, TU hopping
	Notation
	Source Word Length
	Coding
	No. Tx Slots
	Coding Rate
	C/I (dB)  @ BLER=10%
	C/I (dB) @ BLER=1%
	Gain (dB) @ BLER 10%
	Gain (dB) @ BLER 1%

	5C
	515
	Convolutional
	4
	0.37
	11.2
	14.2
	-
	-

	5T
	515
	Turbo
	4
	0.37
	8.9
	11
	3.5
	3.2

	5T2
	515*2
	Turbo
	8
	0.37
	8.7
	10.2
	3.6
	3.7

	5T4
	515*4
	Turbo
	16
	0.37
	8.5
	9.7
	3.7
	4.4

	
	
	
	
	
	
	
	
	

	6C
	682
	Convolutional
	4
	0.49
	13.4
	15.8
	-
	-

	6T
	682
	Turbo
	4
	0.49
	11.2
	13.5
	2.2
	2.3

	6T2
	682*2
	Turbo
	8
	0.49
	10.8
	12.4
	2.6
	3.4

	6T4
	682*4
	Turbo
	16
	0.49
	10.6
	11.8
	2.8
	4


Table 3 BLER Performance for co-channel interferer limited environment, TU hopping
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Figure 1 – BLER Performance for Coding Rate = 0.37, in TU3 Hopping Channel, under sensitivity test
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Figure 2 – BLER Performance for Coding Rate = 0.49, in TU3 Hopping Channel, under sensitivity test
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Figure 3 – BLER Performance for Coding Rate = 0.37, in TU3 Hopping Channel, under co-channel interferer test
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Figure 4 – BLER Performance for Coding Rate = 0.49, in TU3 Hopping Channel, under co-channel interferer test

10.4.2 
Comparison of Throughput Performance 

The graphs in Figures 5 and 6 show the throughput based on the data in Section 10.4.1 for convolutional coding with blocks interleaved over 4 slots, and for turbo coding interleaved over 4 slots, and over 16 slots. The throughput graph data has been limited to show the region of operation for which the coding rates simulated are likely to be relevant (~20 to 33 kb/s). (Note, currently a relatively coarse steps of 1dB on x-axis has been used.)
Figures 5 and 6 show that there are potential substantial throughput gains achievable by use of Turbo coding. For the sensitivity limited case, the additional gain achievable by 16 slot interleaving is clearly seen. For the co-channel interferer, the 16 slot interleaver case still has better performance than the 4 slot case in the region of interest, though its impact is more limited. However, the 16 slot case is subject to a significant knee effect at C/I~10dB at the switch over between coding schemes. This would appear to be due to too coarse code rate selection for the Turbo code case. This effect is seen also in Figure 5 at Eb/No~5.2dB, although less pronounced. Treatment of this effect is the subject of further work. 
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Figure 5: Throughput vs. Eb/No in TU3
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Figure 6: Throughput vs. C/I in TU3

10.4.3 
Further Potential Improvements

As noted above, the 16-slot interleaved Turbo coding scheme is subject to a knee effect at the switch between coding schemes. This is likely to be improved by a finer gradation of MCS schemes for Turbo coding.

With the higher coding rate that is used going from MCS-5 to MCS-9, it is anticipated that the benefits of Turbo Coding will diminish as we get to MCS-7 and MCS-8. (For case of MCS-9, with systematic code rate 1, it will be an uncoded block.) Higher modulation schemes such as investigated in [5], are a potential means by which obtain a lower coding rate than that afforded by 8-PSK for given source bit rate. This should serve us to obtain the benefit of Turbo Coding for these higher throughputs.
10.5 
Implementation impact

Addition of Turbo coding schemes to the DL and UL are considered independently.
10.5.1  
Impacts on the Mobile Station

For inclusion of Turbo coding on DL, the impact is most likely to be addition of a small HW block to perform the decoding phase. The proposed reuse of the 3GPP RAN Turbo coding scheme is clearly advantageous. For a Dual mode GERAN/UTRAN handset, it is straightforward and efficient to share common resources.
For inclusion of Turbo coding on UL, the complexity of turbo coding schemes is no more than that of existing convolutional coding schemes.

10.5.2
Impacts on the BSS

For inclusion of Turbo coding on DL, the complexity of turbo coding schemes is no more than that of existing convolutional coding schemes.

For inclusion of Turbo coding on UL, it may be possible to add this decoder as a SW upgrade to the BTS.
10.5.3 
Impacts on the Core network

The impact on core network is negligible and only on SW. It may require the addition of new signaling parameters as with other new features.
10.6 
Impacts on the specification

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”
10.7 
Conclusions

Turbo coding schemes have been evaluated, and compared with convolutional-coded blocks with coding rates equivalent to MCS-5 and MCS-6 (at this stage). It has been shown that use of Turbo coding schemes can improve the performance significantly at link level. Further data still needs to be obtained to fully evaluate the performance gain across all the throughput range. This is the subject of further work.
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