ANALYSIS OF CONGESTION CONTROL STRATEGIES

Table 1 Transport formats for the considered RABs in the uplink

	Service
	Interactive (UL)
	Conversational (UL)

	TrCH type
	DCH
	DCH

	TB sizes, bit
	336 (320 payload, 16 MAC/RLC header)
	640

	TFS
	TF0, bits
	0(336
	0(640

	
	TF1, bits
	1(336 (16 Kb/s, SF=64)
	2(640 (64 Kb/s, SF=16)

	
	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
	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 (conversational)
	

	Active Set maximum size
	2

	AS_Th (Threshold to enter Active Set)
	3 dB

	AS_Th_Hyst (Hysteresis for AS_Th)
	1 dB

	AS_Rep_Hyst (replacement hysteresis)
	1 dB

	Time to Trigger
	1 measurement period

	Measurement period THO
	0.5s

	Handover parameters (interactive)
	

	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 (conversational)
	

	Call duration
	120s

	Offered bit rate
	64 kb/s (CBR)

	Activity factor
	1

	Call rate
	29 calls/h/user

	Traffic model (interactive)
	

	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 (conversational)
	

	BLER target
	1%

	Packet Error Rate target
	2%

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

	Dropping criterion
	Achieved Eb/No below target for 5s

	QoS parameters (interactive)
	

	BLER target
	1%

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


The objective in this service mix scenario is to devise a suitable congestion control algorithm and to attain the key parameters to be taken into account. The reference congestion control algorithm considers, among others:

· A congestion detection threshold (CD
· Actions to reduce cell load during congestion period

· Selective blocking of requests

· Limiting the maximum bit rate of interactive users 

· A congestion release threshold (CR
· A congestion recovery algorithm to restore the transmission capabilities that interactive users had before the congestion was triggered

Table 3. Performance figures for different congestion control policies and parameters.

	8.4 sessions/s  interactive

50 Erlangs conversational
	Adm Conv

(%)
	Adm Inter (%)
	BLER Conv (%)
	BLER Inter (%)
	Delay Inter

(s)

	No Congestion control
	100
	100
	2.59
	5.34
	0.14

	(CD =0.9

(CR=0.75
	Selective blocking
	100
	82
	1.77
	2.78
	0.23

	
	No selective blocking
	96
	82
	1.64
	2.71
	0.22

	(CD=0.75 (CR =0.6
	Selective blocking
	100
	81
	1.15
	1.39
	0.22

	
	No selective blocking
	97
	80
	1.15
	1.37
	0.21


According to Table 3, it can be noticed that:

· If no congestion control is applied (i.e. the system dynamic evolves freely) the conversational BLER increases significantly beyond the target value and the same can be said for the interactive BLER. However, the impact on interactive users is almost negligible because the required retransmissions only increase the average packet delay very slightly with respect to the minimum attainable delay (i.e. the delay achieved for low load) that is found to be 0.12 s. 

· When congestion control policies are adopted, the effects are a BLER reduction for conversational users, an average packet delay increase for interactive users (because congestion control reduces the bit rate of interactive users) and, in case of non selective blocking, a reduction of the conversational admission probability. 

· For conversational traffic the selective blocking policy provides a gain in terms of conversational users admission probability. 

· With respect to the congestion cell load triggering thresholds (CD and (CR, the case ((CD=0.9 and (CR=0.75) can be seen as a late congestion trigger compared to ((CD=0.75 and (CR=0.6). It is found that the conversational BLER degrades somehow more in the ((CD=0.9 and (CR=0.75) case (i.e. when the system triggers congestion, the cell load has already remained at high values for a certain period of time and this has caused some erroneous transmissions) compared to the ((CD=0.75 and (CR=0.6). With respect to interactive users, no significant differences are observed for this load level in terms of packet delay and admission probability. 

