ANALYSIS OF TFC SELECTION STRATEGIES

Table 1
	Service
	Interactive (UL)

	TrCH type
	DCH

	TB sizes, bit
	336 (320 payload, 16 MAC/RLC header)

	TFS
	TF0, bits
	0(336

	
	TF1, bits
	1(336 (16 Kb/s, SF=64)

	
	TF2, bits
	2(336 (32 Kb/s, SF=32)

	
	TF3, bits
	3(336 (48 Kb/s, SF=16)

	
	TF4, bits
	4(336 (64 Kb/s, SF=16)

	TTI, ms
	20


Table 2 Simulation parameters

	Scenario size
	4.6 km x 4.6 km

	BS parameters
	

	Cell radius
	577 m

	Cell type 
	Omnidirectional

	Number of cells
	23

	Maximum transmitted power
	43 dBm

	Thermal noise
	-103 dBm

	Common Channels Tx Power
	30 dBm

	Shadowing deviation
	10 dB

	Shadowing decorrelation length
	20 m

	MCL
	70 dB

	UE parameters
	

	Maximum transmitted power
	21 dBm

	Minimum transmitted power
	-44 dBm

	Thermal noise
	-99 dBm

	Mobile speed
	50 km/h

	Handover parameters 
	

	Active Set maximum size
	1

	AS_Rep_Hyst (replacement hysteresis)
	1 dB

	Time to Trigger
	1 measurement period

	Measurement period THO
	0.5s

	Traffic model 
	

	Number of pages per session
	5 (geometrical)

	Reading time between pages
	30 s (exponential)

	Number of packets per page
	25 (geometrical)

	Time between packets
	0.125 s (exponential)

	Packet length
	Pareto distributed ((=1.1, k=81.5 bytes, m=6000 bytes)

	Session rate
	25 sessions/h/user

	QoS parameters 
	

	BLER target
	1%

	Eb/No target (according to link layer simulations)
	4.69 dB


One important measurement to understand the behaviour of the different UE-MAC strategies is the transport format distribution being used along the transmission time. Furthermore, it allows the characterisation of the activity factor of each traffic flow at the radio interface, which is required to do a proper admission control that takes into account UE-MAC behaviour. 

Referring to Table 1 for the interactive service, UE-MAC has the freedom to choose among TF0, TF1, TF2, TF3 and TF4. Some examples of how this selection is done depending on the specific UE-MAC algorithm along the transmission time are given in Figure 1, Figure 2 and Figure 3 for the cases SCr24, (SCrX standing for a service credit strategy with a target bit rate of X Kb/s), SCr16 and MR, respectively. In turn, Figure 4 presents the TF distribution for the TO12 case, where TOX stands for the delay oriented strategy with a target delay for each packet of X frames (10·X ms). In all the cases a total of 500 users in the scenario has been considered.
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Figure 1. TF distribution for SCr strategy with a target bit rate of 24 kb/s.
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Figure 2. TF distribution for SCr strategy with a target bit rate of 16 kb/s.
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Figure 3. TF distribution for MR strategy.
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Figure 4 TF distribution for TO strategy with a target delay of 12 frames.
For the case SCr24 (see Figure 1) it can be observed that, when transmitting, most of the time TF1 and TF2 are used because the UE buffer queues several packets and so it tends to transmit the information at 24 Kb/s (that falls in the middle between TF1=16kb/s and TF2=32kb/s). In turn, in the periods when the UE buffer is empty (TF0 is used) the UE is gaining service credits and, when a new packet arrives the instantaneous transmission rate is increased (i.e. TF3 and TF4 are used) to keep the average bit rate around the target value. For the case SCr16 (see Figure 2) it is observed that TF1 (i.e. 16 Kbps) is the most selected one, and there are very few inactivity periods at the radio interface (i.e. TF0 is seldom used). The reason is that, due to the lower target bit rate, there are most of the time packets waiting for transmission in the buffer. As a result, in very few occasions service credits are gained and TF4 is rarely used. In turn, when MR strategy is applied (see Figure 3), UE-MAC chooses the TF according to the buffer occupancy and tries to transmit the information as fast as possible. Consequently, most of the transmitting time TF4 is being used but there are also many time periods where the radio interface is unused (i.e. TF0 is selected) because the buffer is empty. Finally, for the time oriented strategy TO12 (see Figure 4) the TF selection is highly dependent on the instant when packets arrive at the buffer in order to achieve a total delay closer to the target value. When there are few packets in the buffer the selected TF is lower (i.e. TF1 or TF0) in order to accommodate the delay to the desired value while when the buffer contains a high number of packets TF4 is selected in order to avoid long queuing delays.

With respect to the performance observed by the different users, Table 3 presents some performance measurements in terms of average packet delay, jitter of the packet delay, average bit rate along a page (i.e. the total number of bits transmitted per page with respect to total page duration) and bit rate deviation (or jitter) around the average value. It can be observed that the MR strategy provides the highest bit rate per page. In turns, TO reveals to be quite insensitive in terms of bit rate to the specific target delay value due to the fact that this strategy takes into account the buffer occupancy to try to keep the total packet delay (including buffering and transmission time) around TO. Additionally, TO strategy is able to provide a lower delay jitter compared to SCr strategy. On the contrary, since SCr strategy does not take into account the buffer occupancy, it provides a better control of the transmission rate reflected in a low rate per page deviation.  

Table 3 Delay and rate for different UE-MAC strategies.

	
	Average packet delay (s)
	Packet delay jitter (s)
	Rate per page (Kb/s)
	Rate per page deviation(Kb/s)

	SCr16
	1.80
	2.28
	14.2
	2.1

	TO18
	0.18
	0.16
	21.0
	12.1

	SCr24
	0.54
	0.95
	19.0
	5.0

	TO12
	0.16
	0.16
	22.1
	11.0

	MR
	0.12
	0.18
	23.6
	11.3


From the above it has been shown that from the user’s perspective the performance achieved with the different UE-MAC algorithms is quite different. Consequently, depending on the targets to be provided on a connection basis one algorithm or another could be more suitable.

Other interest point is to devise whether from the system perspective the different possible algorithms applied at UE-MAC level lead to different interference situations or not. Table 4 compares several parameters at system level instead of at individual user level when 1200 users are present in the scenario. Quite similar values are obtained in all cases. Thus, despite that every user may apply very different patterns on the SF usage, the fact that the system performance is the result of the average behaviour of many individual sources and of the time-varying and user by user independent propagation conditions leads to the conclusion that the specific algorithm applied at UE-MAC level does not provide very different interference patterns in the network. 

Table 4 System level performance for different UE-MAC strategies

	
	Average ( 
	BLER (%)
	P((>0.75)

	MR
	0.47
	2.58
	0.17

	SCr16
	0.49
	2.34
	0.17

	SCr24
	0.48
	2.51
	0.16

	TO12
	0.46
	2.23
	0.15


