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1
Introduction
In RAN WG1 #51-bis, a decision was made on the E-DCH resource allocation scheme. The scheme is referred to as the AICH/E-AICH E-DCH Resource Allocation scheme in this contribution. In [1], a detailed study on AICH/E-AICH detection performance was performed and typical error events and consequences were analyzed. Based on the different nature of error events and the corresponding degradation to the overall system performance and user experience, it was proposed to allow for different performance targets (and hence, difference power allocation) for AICH and E-AICH, respectively. According to the analysis, a decision was made to use different gain parameters for AICH and E-AICH signatures in RAN WG1 #52. 
In [2], the sensitivity of blocking probability of current AICH/E-AICH resource allocation scheme to typical detection errors was studied and simulated, and degradation of blocking probability due to AICH/E-AICH detection error are derived and analyzed. 
In this contribution, we propose a method of determining performance targets for AICH/E-AICH based E-DCH resource allocation. The criterion is to limit the degradations of blocking probability, due to AICH/E-AICH detection errors. These targets can serve as requirements for E-DCH Resource Allocation performance tests in RAN WG4.
2
Review of AICH/E-AICH Scheme and Typical Error Events
The AICH/E-AICH E-DCH Resource Allocation scheme and an example AICH/E-AICH detector algorithm is summarized as below:
· A UE transmits a randomly chosen access preamble signature.

· The access preambles are one to one mapped to AI bits that modulate the AICH signature sequences (as in Release 99).

· The AI bits corresponding to the access preambles are in turn one to one mapped to E-DCH resource configurations. 
· These resources are referred to as default resource configurations.

· If the NodeB detects the access preamble and the corresponding default E-DCH resource configuration is available, the NodeB sends a +1 on the corresponding AI bit. This indicates to the UE, that the default E-DCH resource configuration index is allocated to the UE.

· If the default resource configuration is not available, the Node B will send a -1 on the AI bit corresponding to the access preamble. 

· The NodeB then allocates another E-DCH resource configuration to the UE using the AI bits that modulate the extended lower half of AICH (there are 16 signatures available) signature pattern table. The allocation is as follows:

· Simply transmit ONE of the 16 available AICH signatures in the expanded space, and use the INDEX of this signature to indicate the E-DCH resource. 

· Node B can transmit either +1 or -1 on each E-AICH signature

· UE will correlate the de-spread symbols with all the 16 possible AICH signatures and then will select the correlator output with the largest “magnitude”. 

· To decide between +1 or -1 on the AI bit corresponding to the AICH signature with largest magnitude, UE then obtains the sign of the correlator output.
Various error events may occur during the detection procedure. Among them, we list the following typical errors experienced in the link level simulation. This would help to understand the impact of errors made on part 1 (AICH) compared to the errors made on part 2 (E-AICH):

· The following types of error can be made on AICH when a bit was transmitted on AICH:

· AICH Type 1: A +1 was sent and a DTX was received on AICH

· In the case, the UE assumes that the NodeB did not detect the access preamble, and continues with the remainder of the physical random access procedure, while the NodeB thinks that an E-DCH resource is allocated. 

· In other words, the E-DCH resource is wasted. After the collision resolution period or even earlier, the NodeB may decide to release the E-DCH resource.

· AICH Type 2: A +1 was sent and a -1 was received on AICH

· This event should occur less often compared to the Type 1 error. However, when it happens, it could be quite serious. 

· The UE infers from the -1, that it’s default E-DCH resource is blocked and monitors the E-AICH for an alternate E-DCH resource. If the UE detects an E-DCH resource (not ACK, or an erasure) on the E-AICH, then it grabs the wrong E-DCH resource.

·  In other words, not only is the default E-DCH resource wasted, but the UE consumes an unallocated E-DCH resource on the uplink, without the NodeB aware of this. This could also lead to collision with an already existing transmission or a future transmission that utilizes the same E-DCH resource.

· AICH Type 3: A -1 was sent and a DTX was received on AICH

· This is similar to AICH Type 1 in probability and consequence.

· AICH Type 4: A -1 was sent and a +1 was received on AICH

· This is similar to AICH Type 2.

· In this case, the UE grabs the already occupied the default resource, while the NodeB has allocated the UE another E-DCH resource. The consequence is similar to AICH Type 2, except that in this case, there is a 100% chance of collision, since the default E-DCH resource was allocated.

· The following types of error can be made on E-AICH when a -1 was correctly received on AICH:

· E-AICH Type 1: The UE detects NACK (one of the 32 values sent on E-AICH is reserved as NACK) or an erasure when an E-DCH resource was signalled on E-AICH.

· This is similar to AICH Type 1.

· E-AICH Type 2: The UE detects a different E-DCH resource from the one that was signalled on the E-AICH.

· This is a serious error similar to AICH Type 2 or AICH Type 4.

As observed above, AICH Type 2, AICH Type 4 and E-AICH Type 2 errors are more detrimental to the system compared to AICH Type 1, AICH Type 3 and E-AICH Type 1.

 Furthermore based on the link analysis performed in [3], we have observed that AICH Type 2 and AICH Type 4, occur much less often compared to AICH Type 1 and AICH Type 3. Also AICH Type 1 is equally likely as AICH Type 3. With regard to E-AICH error performance, since no erasure logic was introduced, it is difficult to say how often E-AICH Type 1 occurs compared to E-AICH Type 2. However, in the presence of a well designed erasure logic, we would expect E-AICH Type 2 to be the pre-dominant error whenever an error occurs on E-AICH. Thus, we can focus on AICH Type 1/3 and E-AICH Type 2 error due to their typicality. 

3
System Parameter Assumptions
Table 1 lists the definitions and assumptions used in this study. We model the connection maintenance traffic model. The following configurations are of particular interests since they yield low blocking/collision probabilities with efficient resource usage [3]: 

· 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

· 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

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 the study, we fix the per- user load and assume variable number of users. The blocking probability is analyzed for different service time, which is modelled as a constant for each access. 
In addition to the traditional blocking event, i.e., NodeB doesn’t allocate resource to accessing UE, the miss detection of resource allocation, as well as being interrupted or jammed during transmission by other UE using the same resource, should be directly translated to a blocking event from the view of user experience.
Table 1: E-DCH Resource Allocation Paramenter 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}
	
	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


4
Degradation of Blocking Probability due to AICH/E-AICH Error Events
We are mainly concerned about the system degradation due to AICH type 1/3 errors and E-AICH type 2 errors. One way to measure the effect of those error events is to look at the degradation to average blocking probability, which directly reflects the delay of an UE to successfully send a message using an allocated EUL resource. In order to take into account the effect of those error events, the blocking probability is defined as follows:

Pr(blocking) = Pr(UE does not successfully send a message after a making PRACH request)

                     = Pr(NB does not allocate resource) 

       + Pr(NB allocates resource & UE makes detection error or other UE’s take it due to detection errors)

In the definition above, the first term is independent of UE detection errors on AICH/E-AICH, and only shows how loaded the cell is. The second term accounts for the degradation due to AICH/E-AICH error events made by the UE himself as well as other UE’s in the cell who are in cell_FACH state. 
We denote the second term in the above definition by 
[image: image5.wmf]blocking

P

D

. We define 
[image: image6.wmf]1

_

busy

P

to be the probability that any one of the N default resources is being occupied at any time instant in steady state, and we define 
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 to be the probability that any one of the L-N non-default resources is being occupied at any time instant in steady state.  We can further expand the second term as follows:
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For a stable network, the term 
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is typically less than 1. Therefore, we have
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Note that the bound in (2) is tight when cell is lightly loaded, which means 
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 gives a lower bound on the total blocking probability. Also note that the bound in (4) is very loose when the system is lightly loaded (or 
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 is small), in which case the blocking is mainly due to miss detection on AICH.
To be consistent with current specs in [5 (25.101)?], probability of miss detection error on AICH is set to 


[image: image15.wmf]2

1

3

/

1

,

-

£

e

P

AICH

e


which leads to a degradation of blocking probability due to AICH type 1/3 errors to be less than 1%. We believe this level of degradation is tolerable in the system.
Similarly, we also target the degradation of blocking probability due to E-AICH type 2 errors to be less than 1%. Based on the bound in (4), we would recommend
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The factor of 0.5 here takes into account the effect of E-AICH type 2 errors to other UEs’ performance.

5
Conclusions

In this contribution, we provide recommended settings on target AICH and E-AICH detection performance. The cost function we use is the associated degradation of blocking probability experienced by the UE. We derived upper bound on the degradations due to AICH and E-AICH detection errors, respectively. The recommended setting on AICH miss detection probability is 1%, which is consistent with current standard. The recommended setting on E-AICH detection error probability is 0.5%. We request RAN WG1 to agree on a set of recommended error targets for the AICH/E-AICH based E-DCH Resource Allocation Scheme. If the targets can be agreed upon in this meeting, it is recommended that an LS is sent to RAN WG4 with the recommended set of error targets for both AICH/E-AICH.
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