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1
Introduction
In [1], a detailed analysis was performed to study the collision and blocking probability of candidate E-DCH resource allocation schemes for the EUL in CELL_FACH WI [2]. In this contribution, we investigate further the sensitivity of the collision and blocking probabilities to the service time (the time for which the E-DCH resource was occupied).
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Simulation Assumptions

In this study, we ran simulations to characterize the collision and blocking probabilities for each E-DCH resource allocation method. Table 1 lists the simulation assumptions used in this study. We model the connection maintenance traffic model [3]. The access of each of the users is modelled as a Poisson process with average access rate 
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/user/second. In each simulation, we fix the per- user load and sweep the number of users. 

Table 1: E-DCH Resource Allocation Simulation Assumptions

	Parameter
	Value
	Units
	Description

	Traffic Source
	Poisson
	
	Connection State Maintenance model [3]
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	0.6
	/user/second
	Arrival rate per user = 1200 messages/2000 seconds

	E-DCH Service Time
	40 ( 120
	ms
	Total time for which E-DCH resource is allocated to the UE. This time may also include some time where UE is no longer transmitting, but network has not de-allocated the resource This variable is swept in the simulation  in units of 10ms
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	Load Metric to describe per-user load assuming that there was no blocking.

	Number of Users per cell (K)
	1(100
	
	Number of Idle state users per cell who access a NodeB cell to send keep-alive messages.

	Total Number of E-DCH resources available at NodeB cell

(L)
	8
	
	This variable is kept constant throughout the simulation.

	Total Number of Access Preambles
	4
	
	This variable is kept constant throughout the simulation.
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	Normalized Total System Load

	Number of Access Preamble Attempts
	1
	
	Access preamble is successfully detected in first attempt.

	Pr[Miss Detection]
	1e-2
	
	Probability that the UE misses the resource allocation message. The resource is released after 10ms, assuming that NodeB detects absence of DPCCH.

	Simulation Duration
	2e5
	
	Number of successful random access attempts per simulation.


Three different E-DCH resource allocation schemes were studied:

· Case 1:

· 4 access preambles per UE

· Total 8 E-DCH resources per NodeB

· 2 E-DCH resources  per access preamble
· Acknowledge at most 1 UE per access slot
· Case 2

· 4 access preambles per UE

· Total 8 E-DCH resources per NodeB

· 8 shared E-DCH resources per preamble;

· Acknowledge at most 1 UE per access slot

· Case 3:

· 4 access preambles per UE

· Total 8 E-DCH resources per NodeB

· 8 shared E-DCH resources per preamble

· Acknowledge at most 2 UEs per access slot

The blocking and collision probabilities were observed for each of the above schemes.  They are defined as follows:
· Blocking Probability = Blocked E-DCH resource requests / (Blocked + Accepted E-DCH resource requests)
· Collision Probability = Collisions / Accepted E-DCH resource requests

3
Simulation Results and Observations

Figures 1 through 6 illustrate the blocking and collision probabilities as a function of number of users for different values of E-DCH service times. 

Figure 7 illustrates the sensitivity of the number of users to service time at 10% Blocking probability.
Figure 8 illustrates the sensitivity of the number of users to service time at 1% Collision probability.

Sensitivity for different blocking and collision probabilities can be easily derived from Figures 1 through 6.
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Figure 1: Blocking Probability, 2 E-DCH Resources per preamble, Acknowledge at most 1 UE per access slot
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Figure 2: Collision Probability, 2 E-DCH Resources per preamble, Acknowledge at most 1 UE per access slot
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Figure 3: Blocking Probability, 8 E-DCH Resources per preamble, Acknowledge at most 1 UE per access slot
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Figure 4: Collision Probability, 8 E-DCH Resources per preamble, Acknowledge at most 1 UE per access slot
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Figure 5: Blocking Probability, 8 E-DCH Resources per preamble, Acknowledge at most 2 UEs per access slot
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Figure 6: Collision Probability, 8 E-DCH Resources per preamble, Acknowledge at most 2 UEs per access slot
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Figure 7: Sensitivity of Number of Users to Service Time [ms] at 10% blocking probability
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Figure 8: Sensitivity of Number of Users to Service Time [ms] at 1% collision probability

We observe the following:

· As seen in Figures 1 through 6, for all 3 E-DCH resource allocation schemes studied, we observe a similar trend in the relationship between blocking/collision probability and number of users, as the E-DCH service time is varied from 40ms to 120ms. In particular, for a given blocking/collision probability, the number of supported users decreases as E-DCH service time is increased.
· As seen in Figure 7 and Figure 8, Case 2 and 3 have superior performance over Case 1 in terms of number of supported users for a given E-DCH service time. This is mainly due to the statistical multiplexing gain of 8 E-DCH resources per access preamble versus 2 E-DCH resources per access preamble.
· As seen in Figure 7, at low service times (40 ms to 60ms), there is a large gain (> factor of 3) in the number of supported users between Case 1 and Case 2/3 for 10% blocking probability.

· As seen in Figure 7, at low service times (40 ms to 60ms), there is also a significant gain in the number of supported users, when the NodeB acknowledges at most 2UEs per access slot (Case 3) v/s when the NodeB acknowledges at most 1UEs per access slot (Case 2).
4
Conclusions
A detailed analysis was performed to evaluate the blocking/probability sensitivity to E-DCH service time for 3 different schemes. The schemes differed in terms of shared E-DCH resources per preamble (2 v/s 8). The VPN application [1] was used for this study. From the study performed, in order to ensure a satisfactory number of supported users, we conclude the following:
· There is a significant blocking and collision probability sensitivity to E-DCH service time. 

· At least 8 E-DCH resources should be signaled per access preamble.

· Depending on E-DCH service times and other applications, this number could be even higher.

· The NodeB should be capable of acknowledging 2UEs per access slot.
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