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TFC Selection for FLO

1. Introduction

Link adaptation (LA) is needed in FLO to control the selection of TFC according to the prevailing channel conditions. One question that needs to be solved is how the link adaptation messages are exchanged between MS and BSS. Siemens proposes that the LA signalling should be transported inband on a 120ms basis [1]. Although adding only limited overhead on radio interface, this approach potentially degrades the network capacity due to the slow adaptation and also suffers from a limited flexibility.

In order to reach 20 ms adaptation interval and offer flexibility, Nokia proposes that the LA messages should be transported on a separate TrCH [2]. The advantage of this approach is twofold: firstly, the network capacity is potentially increased due to faster adaptation. And secondly, the size and coding of the LA messages can be fully tailored for different network configurations. The main downside of the TrCH-based approach is the overhead from the additional transport channel. As a consequence, the feasibility of the TrCH-based approach depends whether the link level overhead can be compensated by the increased adaptation rate.

This question is addressed in this document by comparing the system level performance of the TrCH-based scheme to the performance of the 120ms-based scheme.

2. Simulation model

Network performance was studied with a dynamic high resolution GSM/EDGE system simulation tool. The simulator uses burst level mapping between system and link simulators. Link level modelling is based on calculating the average carrier-to-interference ratio (CIR) for each transmitted burst and mapping it into the bit error ratio (BER) of the burst. The mean and standard deviation of BER over the interleaving period of a speech frame is subsequently mapped into a frame error probability, which is used for randomizing frame errors. Finally, TCH FER samples are mapped into MOS. FER to MOS mapping is approximated from the results presented in [3]. 

As can be seen from Figure 1, modes with less speech bits achieve lower MOS values for a certain FER value. Therefore, FER measurement itself does not provide enough information about AMR mode adaptation performance, but MOS based evaluation is needed. 

[image: image1.emf]0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0.1 1 10

FER (%)

MOS

mode 12.2

mode 7.4

mode 5.9

mode 4.75


Figure 1 - FER to MOS mapping in the system tool

Table 1 summarizes the main simulation parameters. In TCH layer random frequency hopping with 1/1 reuse plan was in use. BCCH layer was not included in these simulations. Site-to-site distance was set to 1500m, which made the network interference limited. AMR modes 4.75, 5.9, 7.4 and 12.2 were used. In 20ms adaptation case 0.5 dB loss (caused by the extra TrCH) was assumed for all the simulated AMR modes [2]. Codec mode adaptation was based on C/I (as defined in [4]), and calculated C/I samples were delayed 120ms for the mode adaptation algorithm in the system simulator. Same C/I threshold values were used for both adaptation rates. AMR coded mode adaptation rate was either 20ms or 120ms. Network performance was examined using MOS (Mean Opinion Score) and FER (Frame Erasure Ratio) statistics. Quality thresholds MOS < 3.25 and FER > 1% were used to measure the proportion of bad quality connections in the network. 

Table 1 – Some network simulation parameters and algorithms
	Parameter name
	Value
	Comment

	Site-to-site distance
	1500 m
	

	Number of cells
	75
	25 3-sectorized sites

	Path loss slope
	3.76
	Suburban macrocells

	Slow fading std
	6 dB
	

	Lognormal corr. Distance
	50 m
	

	Fast fading
	Typical urban
	As defined in GSM spec 05.05

	MS speed
	3 km/h
	

	Speech mean call time
	120 s
	Exponentially distributed

	Voice activity
	50 %
	

	Frequency hopping
	Random
	MAIO management

	Power control
	Qual and level based
	

	Handover
	Qual and level based
	HO margin 3 dB


3. SImulation results

The results from the network performance simulation are presented in Figure 2. It can be seen that FER performance is worse in 20ms adaptation rate case, which is mainly due to the 0.5 dB loss in link performance. However, in AMR case FER itself is not a good measure about a connection quality as full time usage of the most robust codec mode would lead to the lowest FER value. Now, when evaluating bad quality connections based on MOS we can see that the performances are almost equal. In other words, the increased adaptation rate was able to compensate the link level overhead in the simulated network. 
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Figure 2 – Network performance results
for 20ms and 120ms adaptation rates
Figure 3 shows the proportion of bad quality connections (based on MOS) as a function of FER. This comparison demonstrates the improvement in AMR codec mode adaptation in the case of faster mode adaptation rate. In the case of 20ms adaptation rate, there were about 50% less bad MOS connections compared to the 120ms case.
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Figure 3 – Mode adaptation performance
for 20ms and 120ms adaptation rates
The mode usage distribution is shown in Table 2. As can be seen, the faster adaptation rate increases the usage of the extreme modes: when the link quality suddenly reduces, fast adaptation is able to use the most robust mode more quickly, and, on the other end, also the adaptation to the highest mode is faster.

Table 2 – Codec mode distribution for 20ms and 120ms adaptation rates
	codec
mode
	mode adaptation rate 20 ms
	mode adaptation rate 120 ms
	mode usage, 20ms case compared to 120ms case (%)

	12.2
	84.61
	83.98
	0.74

	7.4
	11.15
	11.99
	-7.53

	5.9
	3.11
	3.30
	-6.25

	4.75
	1.13
	0.73
	35.92


4. discussion and Conclusion

Performance of the AMR codec mode adaptation has been examined in this study. It was shown that the increase in the adaptation rate improves the mode adaptation performance, thus improving the network performance in terms of MOS. The main downside of the faster adaptation is the overhead caused by the extra TrCH. The conducted simulations showed that this overhead can be compensated with the increased adaptation rate, the system performance of 20 ms and 120 ms schemes being almost equal in terms of bad quality connections (based on MOS). 

Although providing similar performance as the inband method, the TrCH-based method because it is a more flexible and more future proof solution, because it does not require any changes to the agreed architecture and because it fully exploits the capabilities of FLO, should be the one to be selected.
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