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‎GERAN Evolution – New Performance Data for Turbo Coding and Higher Order Modulation Schemes
1 Introduction

Turbo coding schemes have been used very successfully in 3GPP RAN to improve communications performance. The requirements for higher average throughput, improved sensitivity and improved spectral efficiency within Future GERAN Evolution make Turbo Coding and Higher Order Modulation (HOM) schemes an attractive candidate for inclusion in future releases of GERAN standardization. 

2 TURBO+HOM CODING SCHEMES

2.1 PERFORMANCE CHARACTERIZATION BACKGROUND
This contribution extends previously presented work ‎[2]

 REF _Ref133029158 \r \h 
‎[3]. A number of aspects have been looked at in more detail, in response to comments raised in previous GERAN meetings. These include

The following new items have been included in these results:

1 Incremental Redundancy

2 Effect of Mobile Speed

3 Performance in Non-Hopping Configuration
4 Decoding Complexity (Number of Turbo Decoding Iterations)
5 Improved cell edge performance

2.1.1 Incremental Redundancy
Incremental redundancy is now included for simulation of throughput for EGPRS and the Turbo coded logical channels. This is now using RLC/MAC to perform Incremental Redundancy rather than throughput approximations previously used. Puncturing (or repetition) is applied as defined in 3GPP RAN [4]. For a target coding rate greater than R=0.75, the RAN rate matching scheme is not optimal, as some of the parity symbols are never transmitted. For these cases, some modification to the scheme has been made to ensure that all symbols are transmitted at least once after 3 transmissions of a block. This improves throughput performance for regions relevant to the 1st re-transmission and onwards by 1 to 2.5dB.
In this section, results have been included that compare MCS9-T4-16QAM throughput performance to EGPRS MCS9. Further results on the impact of IR plus Link Adaptation are given later in the document, after addressing modifications to the MCS1-4 schemes.
MCS9 with no hopping has been taken as the reference throughput as it provides better performance than MCS9 in hopping configuration; a comparison of MCS9 under different hopping/non-hopping conditions is included in Figure 1. 
2.1.2 Effect of Mobile Speed

The variety of mobile speeds in the network has also been taken into consideration. Performance results are included for speeds of 3km/h, 50km/h and 120km/h. An example of expected distribution of users as a function of speed is taken from the Nortel OFDM study that pre-dates the current RAN LTE work‎[5].  Table 1 shows this distribution and the relative importance of higher mobile speeds.

Table 1: Distribution of velocities selected in Nortel OFDM study
	Speed (km/h)
	Percentage of total

	3
	60%

	30
	20%

	120
	20%


2.1.3 Performance of Turbo/HOM in Non-Hopping Configuration
As has been noted in previous GERAN meetings, the hopping layer is not optimal for higher EGPRS MCSs (MCS7 to 9), primarily because of the relatively high coding rates. As such, EGPRS capability may have been rolled out in networks on the non-hopping layer. We might see new services such as Turbo/HOM being provided over non hopping layer, either in the short or longer term. 

We have also investigated the implication of this on the Turbo coded configurations. The results also include the effect of mobile speed on throughput performance.

2.1.4 Number of Turbo Decoding Iterations
It was previously assumed as a baseline that 16x ½ iterations would be needed in the Turbo decoder. We have further examined this assumption, and looked at the impact of using less decoding iterations. This would lead to a consequent reduction in processing requirements should this function be implemented in software, for example in base stations.
2.1.5 Improved Cell edge performance
The concept of HOM has been extended to look at the performance obtainable by replacement of EGPRS GMSK modulated schemes with 8PSK modulated Turbo coded schemes. 

2.1.6 Link Adaptation with Incremental Redundancy

For lower signal quality conditions, it is possible to use the higher MCSs with Incremental Redundancy and still obtain some throughput, albeit with large system delays because of the need to re-transmit a block many times (e.g. average ~6 transmissions when obtaining 10kbit/s with MCS9). It is often preferable to use lower MCSs that have more robust coding and/or modulation. This reduces system delay, and in many cases provides better throughput performance than MCS9 at the same signal quality.
2.2 PERFORMANCE CHARACTERIZATION

2.2.1 Incremental Redundancy

This section shows the improvement in throughput performance of MCSx-T Turbo schemes as compared to current EGPRS under IR. For this section, only MCS9 is compared. After the section presenting improvements as compared to current MCS1 to MCS4 schemes (Section ‎2.2.4), throughput performance is shown across the range of MCSs. TU and HT channels are considered.
2.2.1.1 Typical Urban Channel

The throughput performance of MCS9 and MCS9-T4-16QAM in the TU channel are shown in this section. It has been noted that many operators prefer to use EGPRS on the non-hopping layer rather than the hopping, as it allows superior throughput performance for the MCS7, MCS8 and MCS9 schemes. So to make a fair comparison to the proposed schemes we have used as a reference MCS9 performance on non-hopping channel.

Figure 2, Figure 3 and Figure 4 show the throughput of MCS9-T4-16QAM as compared to MCS9 for different vehicle speeds (3, 50 and 120km/h). Figure 5 shows the throughput gain provided by MCS9-T4-16QAM as compared to MCS9 at the same speed. [Note that a test was done to extend to (unrealistically) high C/Ic with MCS9 at TU 3km/h. We saw that full throughput is achieved, and that the limiting effect is not due to equalizer limitations.]
Looking for example at the 3km/h curve, it can be seen that gains of 20-60% are achieved in the range C/Ic ~5-22dB.
Below C/Ic of 5dB there are larger gains; however, these seem to be less relevant because of the system delay incurred by the many repetitions to work in this region. It is expected that this would be covered by link adaptation to lower MCSs.

It can also be seen that the MCS9 performance reduces fairly rapidly with increasing vehicle speed - this severely limits the maximum throughput with EGPRS. The MCS9-T4-16QAM configuration shows minimal impact with increasing mobile speed. This is seen as a marked gain improvement in Figure 5, with gains of 30-60% for 120km/h in the expected relevant C/Ic range.
The improvement is larger at higher speeds is expected, since MCS9 on its first transmission has no coding protection, while the 16QAM allows for a reasonable coding rate (0.75), which can then correct some errors due to fading. As speed increases, the probability to have a fading event in a block increases, and therefore MCS9 tends to fail more.
2.2.1.2 Hilly Terrain Channel

Figure 6 shows the throughput for MCS9 and MCS9-T4-16QAM in the HT 100km/h channel. The throughput performance gain is shown in Figure 7. It can be seen that for SNR above 10dB that throughput improvements of up to 50% are achievable. 

[Note that the scale PathGain represents SNR in dB for GMSK modulation. For 8PSK and 16QAM modulations, backoffs of 3.3 and 5.3dB respectively are applied. Thus, for example, the performance at a PathGain=0dB for 16QAM modulation is generated from 16QAM performance at SNR=5.3dB.]
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Figure 1: Throughput Performance of MCS9 with IR for TU channel at 3km/h, 50km/h and 120km/h, both hopping and non-hopping
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Figure 2: Throughput Performance of MCS9 and MCS9-T4-16QAM  with IR at 3km/h
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Figure 3: Throughput Performance of  MCS9 and MCS9-T4-16QAM  with IR at 50km/h
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Figure 4: Throughput Performance of MCS9 and MCS9-T4-16QAM  with IR at 120km/h
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Figure 5: Throughput Performance Gain (%) of MCS9-T4-16QAM with IR at different speeds
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Figure 6: Throughput Performance of MCS9 and MCS9-T4-16QAM with IR for HT100km/h Non Hopping channel
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Figure 7: Throughput Performance Gain (%) of  MCS9-T4-16QAM v MCS9 with IR for HT100km/h Non Hopping channel
2.2.2 Turbo/HOM MCSs Performance on Non-hopping Layer

A comparison of throughput performance for both hopping and non-hopping layers, and at different mobile speeds, is shown in Figure 8 for the MCS9-T4-16QAM logical channel. Also included for reference is the MCS9 throughput for TU 3 km/h non-hopping; remember from Figure 1 that MCS9 performance decreases with speed. It can be seen that the MCS9-T4-16QAM throughput is largely unaffected under the differing conditions. There is some degradation for low speed non-hopping; though it still substantially increases throughput as compared to MCS9.
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Figure 8: Throughput Performance of MCS9-T4-16QAM with IR for TU channel at 3km/h, 50km/h and 120km/h, both hopping and non-hopping, plus MCS9 with IR TU 3 km/h non-hopping
2.2.3 Number of Turbo Decoding Iterations
Figure 9 and Figure 10 (zoomed version of Figure 9) show the impact on performance of reduced iterations in the Turbo decoder. As expected there is some degradation of throughput performance with reduced Turbo iterations, but it is by no means catastrophic. This would make use of Turbo coding on the uplink easier to employ; in the case of low loading on the uplink, more iterations could be used for a certain block, and for higher loading processing could be allocated between a number of blocks.
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Figure 9: Throughput Performance for MCS9 and MCS9-T4-16QAM in TU3iFH Channel with Variable Number of Turbo Decoding Iterations
[image: image10.emf]15 16 17 18 19 20 21 22 23 24 25

4

4.2

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

6

x 10

4

C/Ic (dB)

IRThroughput

MCS9

MCS9-T4-16QAM 4 Half Iterations

MCS9-T4-16QAM 8 Half Iterations

MCS9-T4-16QAM 16 Half Iterations


Figure 10: Throughput Performance for MCS9 and MCS9-T4-16QAM in TU3iFH Channel with Variable Number of Turbo Decoding Iterations (Zoomed)
2.2.4 Improved Cell Edge Performance

This section shows initial results of investigation to improve throughput performance at the cell edge. As described earlier, 8PSK modulated Turbo coded schemes have been compared to the current EGPRS GMSK modulated schemes, MCS1 to MCS4. The new MCSs are defined in Table 2 such that the new logical channels carry the same payloads as MCS1 through MCS4. The BLER results for MCS1 to MCS4 compared to Turbo coded schemes are shown in Figure 11 to Figure 14. The performance gains at 10% BLER are shown in Table 3. It can be seen that gains of up to 10dB are achieved. The throughput performance curves for the schemes are shown in Figure 15 for ideal link adaptation; both hopping and non-hopping are shown for EGPRS. 
As with the 16QAM case, the lower coding rate afforded by 8PSK modulation is advantageous, as it gives better immunity to fading.
Table 2: Modulation and Coding Configurations

	Modulation and Coding Scheme
	Data  Block Length (bits)
	Coding
	Data Code Rate
	Interleaving Depth
	Max Data Rate   (kbit/s)

	MCS-1
	178
	Conv
	0.53
	4
	8.9

	MCS-1-T4-8PSK
	178
	Turbo
	0.17
	4
	8.9

	MCS-2
	226
	Conv
	0.66
	4
	11.3

	MCS-2-T4-8PSK
	226
	Turbo
	0.22
	4
	11.3

	MCS-3
	298
	Conv
	0.8
	4
	14.9

	MCS-3-T4-8PSK
	298
	Turbo
	0.26
	4
	14.9

	MCS-4
	354
	Conv
	1
	4
	17.7

	MCS-4-T4-8PSK
	354
	Turbo
	0.33
	4
	17.7


Table 3: 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

	MCS1
	6.3
	-

	MCS1-T4-8PSK
	3.1
	3.2

	MCS2
	12.9
	-

	MCS2-T4-8PSK
	7.8
	5.1

	MCS3
	19.1
	-

	MCS3-T4-8PSK
	9.2
	9.9

	MCS4
	16.6
	-

	MCS4-T4-8PSK
	6.5
	10.1
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Figure 11: BLER Performance for MCS1 and MCS1-T4-8PSK in TU3iFH Channel
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Figure 12: BLER Performance for MCS2 and MCS2-T4-8PSK in TU3iFH Channel
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Figure 13: BLER Performance for MCS3 and MCS3-T4-8PSK in TU3iFH Channel
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Figure 14: BLER Performance for MCS4 and MCS4-T4-8PSK in TU3iFH Channel
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Figure 15: Throughput Performance for EGPRS MCS1-4 v MCS1-T4 to MCS4-T4
2.2.5 Link Adaptation with Incremental Redundancy

This section shows throughput performance for EGPRS and Turbo/HOM with under IR with Link Adaptation. Ideal link adaptation has been assumed, taking the maximal throughput available from a logical channel scheme in the respective set.
Figure 16 and Figure 17 show the throughput and throughput performance gain respectively in the TU 3km/h channel. As can be seen a throughput gain of at least 20% is achieved across the range of C/Ic, with gains rising as high as 60% at the lower C/Ic values. At the higher C/I values, a throughput of 67 kbit/s is achieved.

Figure 18 and Figure 19 show the throughput and throughput performance gain respectively in the HT 100km/h channel. In this case, in better signal conditions a throughput of ~50 kbit/s can be achieved for Turbo/HOM configurations, where EGPRS is limited to around 36 kbit/s. Throughput gains average about 25% across the range.
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Figure 16: Throughput of  MCS1 to MCS9 v MCS1-T4-8PSK to MCS10-T4-16QAM IR & ideal LA for TU 3km/h
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Figure 17: Throughput Performance Gain (%) of  MCS-T with IR for TU 3km/h channel (from Figure 16)
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Figure 18: Throughput of MCS1 to MCS9 v MCS1-T4-8PSK to MCS10-T4-16QAM IR & ideal LA for HT100km/h Non Hop channel
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Figure 19: Throughput Performance Gain (%) of  MCS-T with IR for HT100km/h Non Hopping channel (from Figure 18)
2.3 IMPLEMENTATION IMPACT
2.3.1 Processing Complexity
2.3.1.1 Turbo Decoding

Turbo decoding is more computationally complex than Viterbi decoding of convolutional codes. It is expected that a HW accelerator would typically be 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 possible that it may be done in SW in infrastructure equipment for use on the uplink. An estimate of computational load of Turbo decoding 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 = NumIter.4.L.8 = NumIter.32.L

Table 4 shows the decoder processing load for a rate of 50 block/sec for 16 1/2 iteration per block. Although the processing load of the decoder is substantially more than convolutional decoding, it still remains reasonable. As was noted in the results section the number of Turbo decoding iterations can be reduced, even down to 4 iterations, should processing demand this. Thus block decoding could be achieved with ~7 MIPS for MCS9-T4-16QAM logical channel.
Table 4: Decoder Processing Load (Million ACS) @ 50 blocks/sec

	L
	500
	1000
	1200

	Conv, K=7
	1.6
	3.2
	3.84

	Turbo
	12.8
	25.6
	30.7


2.4 CONCLUSIONS
This contribution has addressed the points that have been raised in previous GERAN meetings regarding use of Turbo coding combined with higher order modulation. A number of conclusions can be made based on the new data.

Throughput performance with Incremental Redundancy has been investigated. Substantial throughput gains of up to 60% can be achieved with Turbo coded/HOM logical channels as compared to EGPRS. The new logical channels have been seen to be robust for the cases considered both to non-hopping configuration, and a variety of mobile speeds. In particular, it has been shown that the new schemes can achieve maximal throughput at higher speeds, where EGPRS becomes throughput limited.
Some initial results have been shown for extension of the proposed concept to replace current MCS1 to MCS4. The preliminary results have shown that there is also substantial performance gain of up to 10dB compared to EGPRS.
The throughput performance of proposed Turbo coded blocks has been examined as a function of number of Turbo decoding iterations. It has been observed that reduction to 8 half iterations (from a baseline of 16) has a negligible impact, while reduction to 4 half iterations degrades by about 0.5dB. The implication is that for SW based implementations there is flexibility in processing load balancing. Based on a previous estimation of 40 MIPS per logical channel for MCS9-T4-16QAM, it appears possible to reduce this to ~7MIPS when there are many channels to service. This is similar to the load for an 8PSK equalizer.
In conclusion, the Turbo/HOM configurations have been shown to give substantial performance gains as compared to EGPRS. 
It has been noted previous GERAN meetings that Rx diversity can also achieve sensitivity and spectral efficiency gains. However, adaptation between Dual Carrier and Rx diversity would require the Dual Carrier functionality disabled in order to use Rx diversity. The Turbo/HOM enhancement, however, is fully compatible with Dual Carrier, and both enhancements can be enabled simultaneously to achieve the GERAN Evolution targets for increased throughput, spectral efficiency and sensitivity simultaneously. 
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� Forward and Backward phases approx each same as Viterbi complexity. LLR computation is approx 2x Viterbi complexity





1(18)
18(18)

