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1
Introduction
In [1][4], detailed analyses were performed to study the collision and blocking probability of candidate E-DCH resource allocation schemes for the EUL in CELL_FACH WI [2]. 
A method based on the enhanced AICH channel is commonly agreed as the resource allocation method for EUL in CELL_FACH state. In this method, a number of PRACH preambles are assigned for EUL users. Corresponding to each access preamble, a pre-determined AICH signature is used to signal +1 or -1. A “+1” means the default resource associated with the AICH signature will be allocated to the UE. A “-1” means the default resource is unavailable and UE needs to check the second set of AICH signatures. An offset index will be signaled by an AICH signature in this set. The modulo sum of the offset and the index of the default resource indicates the index of the resource allocated to the UE. 
The method is highly attractive due to its simplicity, reliability, and flexibility. In a light loaded system, the accessing UE is acknowledged immediately with the default resource. In case of blocking of the default resource, the UE can be acknowledged by the second set of AICH signatures. Moreover, though a rare case, this method can acknowledge up to two UEs per accessing slot. In this contribution, we study some typical configurations of this method and investigate 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 procedure of each of the users is modelled as a Poisson random process with a moderate arrival rate 
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/user/second. In each simulation, we fix the per- user load and sweep the number of users. The blocking/collision probability is analyzed for different service time. In the simulation, the service time is modelled as a constant for each access. 
Table 1: E-DCH Resource Allocation Simulation Assumptions

	Parameter
	Value
	Units
	Description

	Traffic Source
	Poisson
	
	Connection State Maintenance model [3]
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	0.2
	/user/second
	Arrival rate per user = 1 messages/5 seconds



	E-DCH Service Time
	40 ( 200
	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
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	Load Metric to describe per-user load assuming that there was no blocking.



	Number of Users per cell (K)
	10(300
	
	Number of Idle state users per cell who access a NodeB cell to send keep-alive messages.



	Number of access preambles (N)

	{4, 8}
	
	

	Total Number of E-DCH resources available at NodeB cell

(L)
	{8, 16, 32}
	
	This variable is kept constant throughout the simulation.
8 or 16 for 4 access preambles

16 or 32 for 8 access preambles



	Total number of default resources


	{4, 8}
	
	One default resource per access preamble

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



	
[image: image5.wmf]total

r


	
[image: image6.wmf]L

K

*

r


	
	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.




Four configurations of E-DCH resource allocation method based on the enhanced AICH were studied:

· Configuration 1:

· 4 access preambles per UE

· Total 8 E-DCH resources per NodeB

· 1 default E-DCH resources  per access preamble
· Acknowledge at most 2 UEs per access slot
· Configuration 2:

· 4 access preambles per UE

· Total 16 E-DCH resources per NodeB

· 1 default E-DCH resources  per access preamble

· Acknowledge at most 2 UEs per access slot

· Configuration 3
· 8 access preambles per UE

· Total 16 E-DCH resources per NodeB

· 1 default E-DCH resources  per access preamble

· Acknowledge at most 2 UEs per access slot

· Configuration 4:

· 8 access preambles per UE

· Total 32 E-DCH resources per NodeB

· 1 default 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 configurations.  They are defined as follows:
· Default resource blocking probability = Blocked default resource requests / Default resource requests

· Total 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 12 illustrate the blocking and collision probabilities as a function of number of users for different values of E-DCH service times. Sensitivity for different blocking and collision probabilities can be easily derived from Figures 1 through 6.
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Figure 1: Default resource blocking Probability, 4 access preamble, 8 E-DCH resources
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Figure 2: Total blocking Probability, 4 access preamble, 8 E-DCH resources
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Figure 3: Collision Probability, 4 access preamble, 8 E-DCH resources
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Figure 4: Default resource blocking Probability, 4 access preamble, 16 E-DCH resources
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Figure 5: Total blocking Probability, 4 access preamble, 16 E-DCH resources
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Figure 6: Collision Probability, 4 access preamble, 16 E-DCH resources
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Figure 7: Default resource blocking Probability, 8 access preamble, 16 E-DCH resources
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Figure 8: Total blocking Probability, 8 access preamble, 16 E-DCH resources
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Figure 9: Collision Probability, 8 access preamble, 16 E-DCH resources
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Figure 10: Default resource blocking Probability, 8 access preamble, 32 E-DCH resources
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Figure 11: Total blocking Probability, 8 access preamble, 32 E-DCH resources
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Figure 12: Collision Probability, 8 access preamble, 32 E-DCH resources
We observe the following:

· As seen in Figure 1, 4, 7, 10, the default resource blocking probability increases as the number of users and service time increase. When the number of users exceeds 100, the default resource blocking probability is above 10% in general. So in a large chance, the user can get the default resource. And we notice that the four configurations have quite comparable default resource blocking probability. In theory, the default resource allocation can be modeled as a M/D/1/1 queuing system. The blocking probability is given by
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where K is number of user in the cell, N is the number of access preambles, and 
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 is per user load. So for the same number of accessing preamble, the default resource blocking probability is the same. Increasing the number of preambles (default resources) can help to reduce the default resource blocking probability.

· As seen in Figure 2, 5, 8, 11, the blocking probability for all four configurations is quite low for a large range of number of users. Even for configuration 1 (4 preambles and 8 resources ), the blocking probability is below 10% for 100 users and 200 ms service time. Further increase the number of resources can help to reduce the blocking probability. The configurations 2 (4 preambles and 16 resources) and 3 (8 preambles and 16 resources) have similar performance since they both have the same number of resources. For 8 preambles and 32 resources, the blocking probability is virtually 0 in the simulation. 

· As seen in Figure 3, 6, 9, 12, the collision probability is well around 1% for a large range of number of users and service time. In previous analysis [1][4], we show that four preambles are well enough to handle most cases in terms of collision avoidance. Only in configuration 1 (4 preambles and 8 resources), the collision probability deviates from 1% when the number of users and service time are large. This is resulted from the large number of retrials due to high blocking probability in this range. 

4
Conclusions
A detailed analysis was performed to evaluate the blocking/probability of the proposed resource allocation method based on the enhanced AICH. Different configurations in terms of access preambles (4 v/s 8) and E-DCH resources (8 vs 16 vs 32) are considered. The sensitivity to service time was investigated in this study. From the study performed, in order to ensure a satisfactory number of supported users and efficient use of AICH signatures, we conclude the following:
· The 4 and 8 preamble configurations has comparable default resource blocking probability.

· 4 preambles are sufficient from the perspective of collision avoidance. 

· 16 resources can yield low blocking probability for the large number of users and long service time.

Based on the conclusions, we propose the following configuration for enhance AICH resource allocation method:

· 4 dedicated AICH signatures each for 2ms TTI and 10ms TTI, respectively.
· In the lower part 16 AICH signatures, 8 AICH signatures (signaling 16 resources) for 2ms TTI and other 8 AICH signatures (signaling 16 resources) for 10ms TTI
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