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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 the previous meeting, it was decided that the initial RACH preamble ramping with AICH acknowledgement would still be used for initial access prior to using the enhanced uplink. Also, the need to distinguish between Legacy Uplink and Enhanced Uplink accesses was recognized [2], [3], [4].
In [3], [4], [5], a few E-DCH resource allocation methods were discussed. In this contribution, we investigate the collision/blocking probability to the number of access preambles and E-DCH resources available just for enhanced uplink access for each of the E-DCH resource allocation methods. In particular, it is of interest to determine if there is a need for a separate access preamble scrambling code or expanding the set of AICH signature sequences for the enhanced uplink users. As an example, we consider the VPN connection state maintenance scenario, and determine the joint sensitivity of the collision/blocking probability to:
· The number of users in this state

· The number of access preambles available for the purpose of enhanced uplink access
· The number of AICH signature sequences available for the purpose of enhanced uplink access
2
Simulation Assumptions

The simulation performed in this study is identical to the simulation carried out in [6].
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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	Per User Load

	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.
· The combinations studied were:
· 16 preambles, 2 E-DCH resources per preamble

· 8 preambles, 2 E-DCH resources per preamble
· Extended AICH based method 2

· The combinations studied were:
· 10 preambles, 2 AICH signatures per preamble, 3 E-DCH resources per preamble

· 5 preambles, 2 AICH signatures per preamble, 3 E-DCH resources per preamble

· 4 preambles, 3 AICH signatures per preamble, 7 E-DCH resources per preamble

· 2 preambles, 3 AICH signatures per preamble, 7 E-DCH resources per preamble
· HS-PDSCH based method

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

· 4, 8, 16 access preambles
· A total of 8 E-DCH resources for each case

· 4, 8, 16 access preambles

· A total of 16 E-DCH resources for each case
3
Performance of Extended AICH Methods
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Figure 1: Extended AICH Method 1, Collision Probability, 8 preambles v/s 16 preambles
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AICH M1: 16 preambles, 2 resources/preamble
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Figure 2: Extended AICH Method 1, Blocking Probability, 8 preambles v/s 16 preambles
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AICH M2: 5 preambles, 3 resources/preamble

AICH M2: 10 preambles, 3 resources/preamble


Figure 3: Extended AICH Method 2, Collision Probability, 5 preambles v/s 10 preambles
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AICH M2: 5 preambles, 3 resources/preamble

AICH M2: 10 preambles, 3 resources/preamble


Figure 4: Extended AICH Method 2, Blocking Probability, 5 preambles v/s 10 preambles
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AICH M2: 2 preambles, 7 resources/preamble

AICH M2: 4 preambles, 7 resources/preamble


Figure 5: Extended AICH Method 2, Collision Probability, 2 preambles v/s 4 preambles

[image: image12.emf]10 20 30 40 50 60 70 80 90 100

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

Number of Users

Blocking probability



=0.6, E[T]=200ms, 



=0.12

 

 

AICH M2: 2 preambles, 7 resources/preamble

AICH M2: 4 preambles, 7 resources/preamble


Figure 6: Extended AICH Method 2, Blocking Probability, 2 preambles v/s 4 preambles

4
Performance of HS based method
Sensitivity to Number of Access Preambles:
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HS: 4 preambles, total 8 resources

HS: 8 preambles, total 8 resources

HS: 16 preambles, total 8 resources


Figure 7: HS Method, Collision Probability, (4, 8, 16) preambles, 8 E-DCH total resources
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HS: 4 preambles, total 8 resources

HS: 8 preambles, total 8 resources
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Figure 8: HS Method, Blocking Probability, (4, 8, 16) preambles, 8 E-DCH total resources
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HS: 4 preambles, total 16 resources

HS: 8 preambles, total 16 resources

HS: 16 preambles, total 16 resources


Figure 9: HS Method, Collision Probability, (4, 8, 16) preambles, 16 E-DCH total resources
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HS: 4 preambles, total 16 resources

HS: 8 preambles, total 16 resources

HS: 16 preambles, total 16 resources


Figure 10: HS Method, Collision Probability, (4, 8, 16) preambles, 16 E-DCH total resources
Sensitivity to Number of E-DCH Resources:
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HS: 4 preambles, total 8 resources

HS: 4 preambles, total 16 resources


Figure 11: HS Method, Collision Probability, 4 preambles, 8 v/s 16 E-DCH total resources
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HS: 4 preambles, total 8 resources

HS: 4 preambles, total 16 resources


Figure 12: HS Method, Blocking Probability, 4 preambles, 8 v/s 16 E-DCH total resources
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HS: 8 preambles, total 8 resources

HS: 8 preambles, total 16 resources


Figure 13: HS Method, Collision Probability, 8 preambles,  8 v/s 16 E-DCH total resources
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HS: 8 preambles, total 8 resources
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Figure 14: HS Method, Blocking Probability, 8 preambles, 8 v/s 16 E-DCH total resources
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HS: 16 preambles, total 8 resources

HS: 16 preambles, total 16 resources


Figure 15: HS Method, Collision Probability, 16 preambles, 8 v/s 16 E-DCH total resources
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HS: 16 preambles, total 8 resources
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Figure 16: HS Method, Blocking Probability, 16 preambles, 8 v/s 16 E-DCH total resources
4
Observations

For the extended AICH methods, we observe the following:
· For a given number of users, the blocking probability is sensitive to the number of access preambles and number of E-DCH resources available.
· Extended AICH method 2 (4 access preambles, 7 E-DCH resources per preamble) performs the best amongst all extended AICH methods in terms of blocking probability. Although, one must recognize, it requires a total of 28 E-DCH resources.
· The collision probability does not improve significantly when we compare

· Extended AICH Method 2: 4 access preambles, 7 E-DCH resources per preamble.
· Extended AICH Method 2: 10 access preambles, 3 E-DCH resources per preamble.
· Extended AICH Method 1: 16 access preambles, 2 E-DCH resources per preamble.
For the HS based method, we observe the following:

· For a given number of E-DCH resources, and a given number of users, the blocking probability is insensitive to the number of access preambles (4, 8 or 16) available for enhanced uplink access
· For a given number of E-DCH resources, and a given number of users, the collision probability improves slightly as the number of access preambles increases from 4 to 8 to 16. For example:
· For a total of 8 E-DCH resources, for 50 users, we observe the collision probabilities = 3e-3, 6e-3 and 1e-2 for number of access preambles = 16, 8, and 4 respectively.
· For a total of 16 E-DCH resources, for 50 users, we observe the collision probabilities = 1e-3, 2.5e-3 and 5e-3 for number of access preambles = 16, 8, and 4 respectively.
· With regard to sensitivity to the number of E-DCH resources available:

· The HS method operates at much lower (order of magnitude) blocking probability for 16 E-DCH resources compared to 8 E-DCH resources. The gap reduces when the number of users increases asymptotically. However in that case, then the blocking probability is very high.

· For the same number of access preambles, we observe the collision probability to be higher for the 8 E-DCH resource case when compared to the 16 E-DCH resource case. This is because the 8 E-DCH resource has a higher blocking probability and hence more re-attempts are made due to blocking which in turn leads to more collisions.

When we compare the HS based and extended AICH methods, we observe the following:

· To meet a certain collision or blocking probability, the extended AICH methods require higher number of access preambles and E-DCH resources when compared to HS based E-DCH allocation methods.

· The extended AICH methods see much larger improvement in blocking/collision probabilities when the number of available access preambles =16 and high number of available E-DCH resources (28, 30, 32).
5
Conclusions

A detailed analysis based on the VPN connection state machine was performed to study the benefit in increasing the number of access preambles and/or number of E-DCH resources available for enhanced uplink access in CELL_FACH state. In particular, the need for a separate access preamble scrambling code (and hence a separate set of 16 preamble signatures) as well as a larger number of E-DCH resources arises if an extended AICH method is adopted for E-DCH resource allocation.  The extended AICH method 2 that makes use of 4 preambles and 7 E-DCH resources per preamble is superior amongst all extended AICH methods studied in terms of blocking probability; however at the expense of a larger number of E-DCH resources.

Compared to the extended AICH resource allocation methods, for a given number of users and available E-DCH resources, the blocking probability of HS based method is highly insensitive to the number of access preamble sequences. For the VPN application that was studied, we see a need for a minimum of 16 E-DCH resources to be available for adequate blocking probability performance.
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