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1
Introduction
The work item on enhanced uplink for CELL_FACH state was recently opened [1] with the objective of improving random access performance in W-CDMA. In this contribution we analyze the collision and blocking probabilities of the candidate proposed E-DCH resource allocation schemes [2],[3],[4] in CELL_FACH state via simulation of a Connection State Maintenance Traffic model [5].  In the simulation, the successful detection of an access preamble request and an E-DCH allocation grant are equivalently represented by suitable traffic Erlang-B models, where the requests are the successful preambles and the number of servers is the number of E-DCH resources that are assigned to each preamble.
2
Traffic Erlang-B Modeling of E-DCH Resource Allocation
In [2], [3], [4] various candidate proposals were made for E-DCH resource allocation schemes.

All of these schemes utilize the initial portion of the existing physical random access procedure [6], namely that the UE sends the existing RACH access preamble to the NodeB. The proposed scheme based on extending the AICH to signal the E-DCH resource [3] differs mainly from the scheme to signal the E-DCH resource on the HS-PDSCH [4] with regard to the fact that in the former case, there is a fixed mapping between the preamble signature and a group of E-DCH resources, whereas in the latter case, all the preamble signatures are mapped to a common group of E-DCH resources.

 In the following, we model both these type of schemes using Traffic Erlang-B models:
· In general, the extended AICH based method can be represented by a Traffic Erlang-B model as illustrated in Figure 1. 
· The request in the Traffic model corresponds to the successful detection of an access preamble by the NodeB.
· The number of servers N that can serve this request is the number of E-DCH resources assigned to this preamble. 
· Corresponding to the randomly selected preamble by UE, and successful preamble detection by NodeB, the user’s request is routed to the appropriate group of N servers. 
· In other words NodeB can allocate 1 out of the N E-DCH resources assigned to this preamble.
· Collision will happen when more than one user tries to use the same preamble in one access slot.
· Blocking will happen if all servers in the N-server pool are busy when a user requests to be served by this N server pool.
· The Traffic Erlang-B model for HS-based method is shown in Figure 2.
· In this model, the user can also randomly select an access preamble. This is same as in the AICH based scheme and it corresponds to a request in the Traffic Erlang-B model.
· However, all requests are instead served by a single server pool with 
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Figure 1 Traffic Erlang-B model for AICH based method
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Figure 2 Traffic Erlang-B model for HS based method

Intuitively, the collision probability is determined by number of access preamble signatures, and the blocking probability is determined by number of E-DCH resources mapped to each preamble signature. 
The differences between the HS-based method over the AICH based method can be qualitatively expressed as follows:

· Due to a fixed relationship between access preamble signature sequences, AICH signature sequences, and total available E-DCH resources, the HS based method typically has more preambles available then the AICH based method. In that case, the collision probability could be effectively lower. 
· Moreover, statistical multiplexing gain can be fully exploited in the HS based method, when the servers are gathered into one server pool. Thus the HS-based method has advantage in blocking probability over the AICH based method. 

· However, the HS method could potentially introduce some more delay compared to the AICH-based method (for example, due to NodeB scheduling delay).
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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 [5]. 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 [5]
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	0.6
	/user/second
	Arrival rate per user = 1200 messages/2000 seconds [2]

	Tmin
	100, 50
	ms
	Minimum time for which enhanced uplink transmission is ON per access attempt

	E[Ttail]
	100, 50
	ms
	Exponential random variable Ttail that represents the excess amount of time beyond Tmin, for which the enhanced uplink transmission is ON per access attempt.

	Service Time
	T =Tmin + Ttail
	ms
	Total time for which enhanced uplink transmission is ON per access attempt.
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	Load Metric to describe per-user load assuming that there was no blocking.

	Number of Users per cell (K)
	1(80
	
	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)
	8,12, 15, 16
	
	Depending on E-DCH resource allocation method, this quantity varies.
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	Normalized Total System Load

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

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


Three different E-DCH resource allocation schemes were studied:

· Extended AICH based method 1

· A one-to-many mapping [3] is used to describe the relation between the preambles and AICH signatures where one of several AICH signatures is used to signal the resource.
· For example, access preamble signature 1 is mapped to AICH Sequence 1 and Sequence 2. A UE which selects access preamble signature 1, listens for an acknowledgement on either AICH Sequence 1 or AICH Sequence 2.
· Extended AICH based method 2

· A combination of AICH signatures [3] is used to signal the resource allocation.
· For example, when 7 E-DCH resources are mapped per access preamble; we use 3 AICH sequences per access preamble to signal the 7 E-DCH resources and an explicit NACK. The UE listens to all 3 AICH sequences and infers the E-DCH resource by detecting the combined bit sequence across the 3 AICH sequences.
· HS-PDSCH based method

· The E-DCH resource information is sent via the HS-PDSCH channel in the CELL_FACH state. 

Two sets of simulations were run:
· In the first set of simulations, a total of 4 access preambles for all methods:
· For extended AICH method 1, we allocate 2 E-DCH resources for each preamble signature leading to a total of 8 E-DCH resources available at the NodeB cell.
· For extended AICH method 2, we allocate 3 E-DCH resources for each preamble signature leading to a total of 12 E-DCH resources available at the NodeB cell. 
· For HS based method, we allocate a total of 8 and 12 E-DCH resources.
· In the second set of simulations, we normalized the total number of E-DCH resources available at the NodeB cell for all methods:
· For extended AICH method 1, 8 preamble signatures,  2 E-DCH resources for each preamble leading to a total of 16 E-DCH resources available at the NodeB cell.
· For extended AICH method 2, 5 preamble signatures, 3 E-DCH resources for each preamble leading to a total of 15 E-DCH resources available at the NodeB cell. 
· For the HS based method, 8 preamble signatures and a total of 16 E-DCH resources available at the NodeB cell
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Simulation Results and Observations

The simulation results for the first set of simulations (same number of access preambles) are plotted in Figure 3 to Figure 6.
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Figure 3 Collision probability, Normalized number of preambles, E[T] = 200ms
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Figure 4 Blocking probability, Normalized number of preambles, E[T] = 200ms
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Figure 5 Collision probability, Normalized number of preambles, E[T] = 100ms
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AICH M1: 4 preambles, 2 resources/preamble
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Figure 6 Blocking probability, Normalized number of preambles, E[T] = 100ms
As seen in Figure 3 to Figure 6, when the same number of access preambles is used, we observe the following:
· All the methods have similar collision probability.
· For the case when the average service time equals 200ms

· When the number of users is less than 40, the collision probability is lower than 1%. 
· For the case when the average service time equals 100ms

· When the number of users is less than 60, the collision probability is lower than 1%.
· The blocking probability increases as the number of users grows. 
· Due to one more resource for each preamble, the extended AICH method 2 has a better blocking probability than the extended AICH method 1. 
· HS based methods are much better than AICH based method. 
· For extended AICH based methods, the blocking probability is greater than 10% for the following cases:

· when number of users exceed 30 and  average service time equals 200ms
· when number of users exceed 50 and  average service time equals 100ms

· With equivalent number of total resources, the blocking probability of HS based method is more than a magnitude lower than that of the extended AICH schemes.
The simulation results for the second set of simulations are plotted in Figure 7 to Figure 10.
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Figure 7 Collision probability, Normalized number of E-DCH resources, E[T] = 200ms
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Figure 8 Blocking probability, Normalized number of E-DCH resources, E[T] = 200ms
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Figure 9 Collision probability, Normalized number of E-DCH resources, E[T] = 100ms
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AICH M1: 8 preamble, 2 resource/preamble
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Figure 10 Blocking probability, Normalized number of E-DCH resources, E[T] = 100ms

As seen in Figure 7 to Figure 10, when the same number of available E-DCH resources is used, we observe the following:
· The extended AICH method 2 still has better blocking probability than extended AICH method 1.
· Due to less number of access preamble signatures, AICH method 2’s collision probability is a little worse.
· HS based method still has the best blocking probability (orders of magnitude lower).
· By increasing total resources (Figure 7 and Figure 9 or Figure 8 and Figure 10), the improvement in blocking probability of extended AICH based methods is negligible when the number of users are large.
· In contrast, for HS based method, the blocking probability is lowered by more than a magnitude when the total resources are increased from 12 to16.
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Conclusions

A detailed collision/blocking probability analysis of the currently proposed E-DCH resource allocation schemes was performed. A VPN connection state maintenance model was used for this purpose. Both the extended AICH-based and HS-based schemes were simulated using equivalent Traffic Erlang-B models. 
We conclude that as the number of users is increased, the currently proposed E-DCH schemes [3] encounter significantly high blocking probability, when compared to the HS-based method, for the same number of available access preambles or the same number of total available E-DCH resources.
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