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Assessment of HOT performance based on EGPRS performance in live networks 
1 Introduction
Higher Order modulation and Turbo coding (HOT) is a new suggested WI that is part of the feasibility study for GERAN Evolution. With HOT it will be possible to increase both the spectral efficiency and peak throughput on the downlink. 
The maximum data rates for HOT are reached at a higher radio link quality than for 8-PSK (see [1]) and one concern that has been raised regarding this is to what extent the highest HOT MCS:s will be used in existing networks. 
This paper presents EGPRS performance results from live networks and based on these results the usage of HOT in these networks is discussed.

2 Radio Link Bit Rate for EGPRS on the Downlink
The statistics in this section have been collected during Q3 2006 from networks in different parts of the world. They have been grouped into five different regions: Africa, Asia Pacific, EME (Europe and Middle East), North America and Latin America. The collected statistics is the average radio link bit rate per BSC.

One drawback with these measurements is if there are a lot of short TBFs in a BSC, the initial MCS selection is usually moderate and with a short TBF this initial MCS selection will have higher impact on the throughput for the TBF. The radio network quality is therefore better than indicated by the radio link bit rate counters.
The average radio link bit rate figures for the different regions are presented in Table 1 and in Figure 1 CDFs for these regions are presented.
	Africa
	44,5 kbps

	Asia Pacific
	38,6 kbps 

	EME 1
	40,5 kbps

	North America
	38,4 kbps

	Latin America 
	35,4 kbps

	Note 1: EME consist of the countries in Europe and Middle East.
	



Table 1: Average radio link bit rate for the different regions. 

The total time for the collecting of the statistics is over 10 000 hours on BSC level.

[image: image1]
 Figure 1: This figure shows the distribution of the average radio link bit rate (RLB) for the BSC:s in the different regions. 
From Figure 1 it can be seen that more than 90% of the BSCs in EME, Africa and North America in average have a bit rate corresponding to an MCS higher than MCS-6. The corresponding figure for Asia Pacific is 85% and for Latin America it is around 75%.
2.1 Distribution of RLB within a BSC
In Figure 2 it is possible to see the percentage of the total data volume in a BSC that has been sent with a certain radio link bit rate, the radio link bit rate has been divided into 10 intervals. The values in figure 2 are based on measurements on one BSC for more than 10 days.  
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Figure 2: Distribution of data volume on radio link bit rate. X is the radio link bit rate for an EGPRS transfer in downlink.
It can be seen in Figure 2 that a large portion of the downlink data has a throughput that is equal to or higher than 52,5 kbps. This radio link bit rate corresponds to a C/I > 25 dB when comparing with a simulated radio link bit rate curve (see [1]) and for this interval is the HOT gain between 25-50%. It can therefore be said that if HOT was deployed in this BSC it would give a substantial gain. 

The average radio link bit rate for this BSC is 42,1 kbps and if this figure is compared with the curves in Figure 1 it can be seen that there is a large percentage of BSC:s in most regions that would have a substantial gain with HOT. This assumes that the radio link bit rate distribution in figure 2 is representative for other BSC:s.
3 MCS Selection during Drive Test

The radio link bit rate distribution in section 2 indicates that the highest MCSs are used most of the times when looking at statistics on BSC level. In this section the MCS selection for a single call has been investigated. The measurements are made during a drive test in a suburban area with an average speed of 50 km/h. The drive route is 5 minutes long and it was repeated 5 times, the MS performed cell reselection 3 times along the drive route. The distribution of the MCSs during the drive test can be seen in Figure 3.

[image: image3]
Figure 3: Distribution of MCS’s during drive tests.
The highest MCSs (7, 8 and 9) have been used during a majority of the time for the drive test. This indicates that even though some parts of the data transfer are made at the cell border (three cell reselections) it is still possible to have a gain from HOT for a major part of the downlink transfer.
An observation is that MCS-8 and MCS-9 are used to a larger extent on the non-hopping layer than on the hopping layer. This is likely due to the relatively worse performance of these (close to) uncoded MCS:s with frequency hopping. 
4 Conclusion

From the results presented in section 2 and 3 it can be seen that the highest EGPRS MCSs are used for a majority of the downlink RLC data blocks in live networks. These results indicate that HOT will give a substantial gain in most networks around the world. 
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