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Flexible Layer One
Dynamic Network Simulations

1. Introduction

In this study, impact of Flexible Layer One (FLO) on system performance is examined. System capacities are analysed in various scenarios by dynamic network level simulations. Three different RT unacknowledged multimedia service examples are considered [1]. Link level gains achieved with FLO are modeled in the dynamic system simulator, and suitable frequency plan for each example service is simulated. Capacity differences with and without FLO are examined using BLER as a quality measure.

2. ParameterS

Following frequency plans were deployed: 

· 1/1 RH-hopping (12 freq. in MA list) for 8 kbit/s service

· 3/9 BB hopping (4 carriers per cell) for 12 kbit/s service

· 4/12 BB hopping (4 carriers per cell) for 16 kbit/s service

Table 1 presents the most relevant simulation parameters.

	Parameter name
	Value and unit
	Comment

	site-to-site distance
	1500 m
	interference limited network

	number of cells
	75
	25 3-sectorized sites

	path loss slope
	3.76
	

	slow fading standard deviation
	6 dB
	

	Lognormal corr. Distance
	50 m
	

	fast fading
	typical urban (TU) channel
	

	MS speed
	3 km/h
	

	Connection BLER limit
	1%
	

	Frequency hopping
	random
	

	link activity factor
	50%
	

	Power control
	off
	

	Handover
	qual and level based
	HO margin 3 dB


Table 1. Simulation parameters and algorithms.
3. FLO modeling in system simulator

Table 2 presents the link level gains at 1% BLER with and without FLO (see [1] for the details of link level simulations). The dynamic simulator uses non-averaged burst level mapping between system and link simulators. BLER prediction is done in two steps: each C/I burst is translated into a corresponding BER, and block errors are predicted using standard deviation and mean of the BER samples over the interleaving period. In this study, link gains achieved with FLO were modeled by modifying BER to BLER mapping function in the system simulator. Figure 1 shows the verification results generated with the system simulator. Mapping has higher than 0.5 dB accuracy at 1% BLER as seen in 
Figure 1.

	RT multimedia Service
	With FLO (1% BLER)
	Without FLO (1% BLER)
	Gain

	8 kbit/s
	7.3 dB
	11.0 dB
	+3.7 dB

	12 kbit/s
	11.3 dB
	19.7 dB
	+8.4 dB

	16 kbit/s
	15.4 dB
	25.0 dB
	+9.6 dB


Table 2. Link Level results (TU3iFH 900 MHz)
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Figure 1. Link Level performance in terms of BLER
at the dynamic system simulator.

4. system performance simulations 

Capacity differences with and without FLO are examined using BLER as a quality measure. Upper layer protocols for RT unacknowledged multimedia services were not included in these simulations, only block errors were considered. A connection BLER value of 1% is used as a quality threshold for the satisfied user. 
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Figure 2. Network load as a function of satisfied users 
with and without FLO – 8 kbit/s RT service. 
Network plan 1/1 RF-hopping (12 freq. MA list). 
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Figure 3. Network load as a function of satisfied users 
with and without FLO – 12 kbit/s RT service. 
Network plan 3/9 BB hopping (4 carriers per cell). 
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Figure 4. Network load as a function of satisfied users 
with and without FLO – 16 kbit/s RT service. 
Network plan 4/12 BB hopping (4 carriers per cell).
Capacity differences with and without FLO for certain services were evaluated by looking at traffic load values (users/cell) at 95% QoS criteria. As FLO gains were up to 10 dB at link level (see table 2), high differences also at system level were expected. Table 3 shows the system level capacity losses without FLO for simulated services. 

	RT multimedia Service
	Capacity loss without FLO

	8 kbit/s
	67%

	12 kbit/s
	~80%

	16 kbit/s
	91%


Table 3. System level capacity loss.

In real networks different services are offered in the same network. Figure 5 shows the performances for 8 and 12 kbit/s services in the network with 1/1 reuse plan. By looking at the simulation point of 6 users/cell, for example, it is seen that with FLO 12 kbit/s service is available for 90% of the users in the network, and 8 kbit/s can be offered for all users (>99%). In this simulation point system capacity is 2.5 users/cell/MHz. Without FLO 8 kbit/s service is available for 93% of the users, but 12kbit/s is available only for 40%. 90% QoS for 12 kbit/s service requires frequency reuse 3/9 without FLO, as seen in Figure 3. In this case system capacity is about 1.4 users/cell/MHz, that is 44% capacity loss compared to reuse 1/1 FLO case. This example demonstrates how FLO allows the usage of tighter frequency reuses, and thus better spectral efficiency is achieved. 
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Figure 5. Network load as a function of satisfied users 
with and without FLO – 8 and 12 kbit/s services with 1/1 reuse plan.
5. Conclusion

RT unacknowledged multimedia services with and without FLO have been compared in this study. System level capacities were evaluated with three different example RT unacknowledged multimedia services: 8, 12 and 16 kbit/s. Capacity losses from 67% up to 91% for certain services were found in the simulated networks. These example simulations clearly show that higher capacity for RT unacknowledged multimedia services can be achieved with FLO. It should be noted, however, that traffic in the practical networks consists of many different service types. Therefore, presented capacity values should not be assumed as total system level capacities achievable in GERAN networks with or without FLO. But, these simulations demonstrate how FLO allows adaptable and enhanced support for new services, like RT multimedia, in GERAN system. This means better QoS for new services, better coverage and/or usage of tighter frequency reuses, as shown in the example simulation were 8 and 12 kbit/s services were simulated in the same tight reuse network. 
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