Page 4
Draft prETS 300 ???: Month YYYY


3GPP TSG-RAN WG1 #66
R1-112189
Athens, Greece, August, 22 - 26, 2011

Agenda Item:
5.4.2
Source: 
Huawei, HiSilicon
Title:  
Blocking and Collision Probability Analysis for E-RACH
Document for:
Discussion

1 Introduction
The signature for random access is from the set of 16 Hadamard codes of length 16. And there are at most 16 signatures in one cell. With the introduction of common E-DCH, Node B can identify common E-DCH random access or R99 PRACH access through different signatures assigned in SIB5.

In RAN#51 meeting, Further Enhancements to CELL_FACH (FE-FACH) was approved. In this feature, some sub-feature may need to split 16 signatures further. According to current discussion, the sub-feature may include:

· Support concurrent deployment of 2ms and 10ms TTI in a cell: to indicate the TTI type that UE selected.[1]

· Fallback to R99 PRACH: to identity whether fallback to R99 support or not for Node B controlling.[2]
· Signalling based interference control: signature for matched cell.[3]
With the presence of smart phone, more and more UE will stay in CELL_FACH for data transmission and standalone HS-DPCCH may also occupy the E-DCH resources. However, there are at most 32 set of common E-DCH resources for uplink data transmission. In RAN2#74, RAN2 suggests to investigate the 32 resource bottleneck issue for co-existence of 2ms/10ms TTI.
As the number of signature and resources will impact blocking probability and collision probability in the cell, we adopt some typical configurations and analyze the sensitivity of the collision and blocking probabilities to the number of signatures and resources.

2 Simulation assumptions

The simulation assumptions used in this study are listed in the table below. The access procedure of the user is modelled as a Poisson random process. In each simulation, we fix service time with 150ms. The blocking and collision probability is analyzed for different arrival rate (
[image: image1.wmf]l

).
Table 1: Simulation Assumptions

	Parameter
	Value
	Description

	Traffic Source
	Poisson
	Connection State Maintenance model
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	0.2/0.5
	Arrival rate per user = 1 messages/5 seconds for 
[image: image3.wmf]l

=0.2;

Arrival rate per user = 1 messages/2 seconds for 
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=0.5;
Units: message/user/second

	E-DCH Service Time
	150
	Total time for which E-DCH resource is allocated to the UE for each successful access.
Units: ms

	Number of Users per cell 
	50(300
	Number of users per cell who will send uplink data packets.
Units: user

	Number of signatures
	{4, 8}
	4 or 8 signatures are assigned to Enhanced CELL_FACH capable UEs

	Total Number of E-DCH resources available in one cell
	{16, 32}
	This variable is kept constant throughout the simulation.

	Maximum power ramping attempts
	4
	The maximum power ramping attempts in one access procedure.

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

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


Based on the working assumption, the blocking probability and collision probability are defined as follows:

Blocking Probability = Blocked E-DCH resource requests / total E-DCH resource requests

· Blocked E-DCH resource requests: the UE sends preamble for random access without getting E-DCH resources.

· Total E-DCH resource requests: total number of access requests in the cell.
Collision probability = the number of collisions / the number of requests with resource guaranteed.

· The number of collisions: in one access slot, if more than one UE selected the same signature and get ‘ACK’ from Node B, increase the number of collision by one.

· The number of requests with resource guaranteed: the number of access requests which successfully got a set of common E-DCH resource.

3 Simulation Results
3.1 Results of blocking probability
Figure 1 and Figure 2 illustrate the blocking probability experienced by the UE when user number varies from 50 to 300. 
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	Figure 1: simulation result for 
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=0.2
	Figure 2: simulation result for 
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=0.5


As seen in Figure 1 and Figure 2, we observe the following:
· Based on the same working assumption, blocking probability will increase with user number and arrival rate of traffic.

· When the traffic load becomes heavier and heavier, i.e., more user and higher
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, the number of resources is the dominant contributor to the blocking probability.

It can be seen that 4 signatures and 16 resources are enough to keep blocking probability lower than 10% when 
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=0.2 (5% for 300 users) in figure 1, while for heavy load when 
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=0.5, 16 set of resources can only support 150 users for 10% blocking probability in figure 2.
3.2 Results of collision probability
Table 1 shows the collision probability as a function of signature number. As for the simulation configurations for Table 1 the resource number is kept to 32.
Table 1: simulation result of collision probability
	Number of signatures
	Number of users, arrival rate

	
	
	UserNum=150，
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=0.2
	UserNum=300，
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=0.2
	UserNum=150，
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=0.5
	UserNum=300，
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=0.5

	
	2
	1.86%
	3.43%
	4.48%
	8.61%

	
	4
	0.92%
	1.72%
	2.30%
	4.37%

	
	6
	0.64%
	1.19%
	1.56%
	2.94%

	
	8
	0.48%
	0.88%
	1.19%
	2.22%

	
	10
	0.36%
	0.71%
	0.95%
	1.78%


According to the table, it can be seen that the collision probability will reduce with the increase of signature Number. However, the decreasing granularity is quite limited under the same working assumption when collision probability becomes low, especially when the number of signatures is above 4, the improvements regarding the collision probability becomes more and more insignificant with the increasing of available signatures, for example, when the number of signatures increases from 6 to 8, the reduction of collision probability is around 25%, compared with 50% for signatures increasing from 2 to 4.
4 Conclusions
In this contribution, simulation results were presented to evaluate the blocking and collision probability. Different configurations in terms of signatures (4 vs 8) and E-DCH resources (16 vs 32) are considered against different user number. In order to ensure a satisfactory number of supported users, it is proposed RAN1 to take this into account in evaluating the solutions for FE-FACH.
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