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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. The scheme involves using the existing AICH channel to communicate the default E-DCH resource (one to one mapping between access preamble and default E-DCH resource). If the default E-DCH resource is blocked, the NodeB communicates an E-DCH resource using an expanded set of up to 16 AICH signatures. A total of 32 values can be sent in this expanded space, by allowing for a +1 or -1 to be sent on only 1 AICH signature.
In this contribution, we investigate the sensitivity of the error performance of the AICH/E-AICH E-DCH Resource Allocation scheme to the fraction of power α allocated on the AICH and the remaining power (1- α), allocated on the E-AICH. 
2
Description of the AICH/E-AICH Scheme.

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

· The E-AICH signature and the sign of the bit sent on the E-AICH signature represents a unique value.

·  Hence with 16 E-AICH signatures, there are 32 values..

· One of the values is reserved for actual NACK

· 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.
· No erasure logic was assumed in this receiver algorithm. 
· The value is then translated to the E-DCH resource configuration by adding the value to the default E-DCH resource configuration index modulo the number of E-DCH resource configurations
3
Error Performance of the AICH/E-AICH Scheme.
The error of the AICH/E-AICH scheme corresponding to the UE decoding algorithm as specified in Chapter 2 consists of two parts:
· Part 1 decision error: this error corresponds to the threshold decision error in the existing AICH space.

· Part 2 decision error: this error corresponds to the error in resource decoding using the expanded AICH space given that an AI bit was transmitted in the E-AICH signature space.
The received signal (after correlation with the designated AICH signature) in part 1 AICH can be represented by the following equations, depending on whether there is signal or not: 
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. We assume that part 1 signal has power 
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UE will make an error in part 1 if the received signal falls to the wrong side of decision thresholds. We define the following error events of part 1:
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For a targeted false alarm rate, 
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The resulting part 1 detection error given that a signal is transmitted can be written as:
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The received signal (after correlation with all the necessary E-AICH signatures in the expanded space) in part 2 AICH can be represented by the following equations, assuming there is signal +1 transmitted on the first signature in the expanded space:
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 are i.i.d. random variables.

UE will make an error in part 2 if 
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does not have the largest magnitude. Therefore, the part 2 error has the following probability:
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is the pdf of a standard normal random variable.
The design criterion for picking the optimal 
[image: image17.wmf]a

should aim at minimizing the overall error form both part 1 and part 2 of the AICH signals. Notice that noise components from part 1 and part 2 are actually independent in the case of AWGN, the total error is simply the sum of errors from both parts.

4
Different Optimization Criteria

The optimal criteria for choosing an α and Ec/Ior (on combined AICH and E-AICH) in general is dependent on a combination of the required error probabilities on both part 1 (AICH)  and part 2 (E-AICH) for a given false alarm target on part 1 (AICH).

Before we discuss different optimization criteria, it would be useful 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.

· 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.

· In this case, the UE reacts to the NACK 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.

· 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.

·  Not only is the allocated 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.

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 [1], 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.

Based on the above observation, we would expect the optimal criteria for choosing an α and Ec/Ior (on combined AICH and E-AICH) to be more heavily biased towards E-AICH Type 2 errors. In the following we examine 2 possible optimal criteria:

Optimal Approach 1:

One optimal approach could be to minimize a cost function equal to the weighted sum of the AICH Type 1, AICH Type 3 and E-AICH Type 2 error probabilities as a function of α and Ec/Ior (joint optimization problem):

Minimize across all α and Ec/Ior, the following cost function:
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 and hence we can re-write the above cost function as
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Optimal Approach 2:

Another optimal approach could be to achieve the following:

Select α  such that  Ec/Ior (across AICH and E-AICH) is minimized subject to the following constraints:


[image: image21.wmf]1

T

P

aich

£



[image: image22.wmf]2

T

P

aich

e

£

-


5
Sensitivity Analysis of Power Allocation Factors
Based on the analytic formulas for the probability of error of part 1 (AICH bit) and part 2 (E-AICH bit), in the following we plot a numerical computation of these formulas (Figures 1 through 6), as a function of the fraction α of the total (AICH+E-AICH) power allocated to the AICH bit. Furthermore, in Annex A, we include some error performance plots from [1] for different α.
The error probabilities are computed for the following scenario:

· AWGN

· 8, 16, 32 E-DCH resources

· Geometry = 0dB

· Total (AICH+E-AICH) Ec/Ior = -22dB

· Target FAR on AICH bit = 1%, 10%

· α varies from 0.3 to 0.7 in steps of 0.05
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Figure 1: AWGN, G = 0dB, Ec/Ior = -22dB, Target FAR = 1%, 8 E-DCH Resources
[image: image24.emf]0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

10

-4

10

-3

10

-2

10

-1



Perr

AWGN: G=0dB, Ec/Ior=-22dB, Target P(FA)=1%,16 Resources

 

 

part 1 error

part 2 error

weighted (P1+P2) error

weighted (0.1*P1+0.9*P2) error


Figure 2: AWGN, G = 0dB, Ec/Ior = -22dB, Target FAR = 1%, 16 E-DCH Resources
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Figure 3: AWGN, G = 0dB, Ec/Ior = -22dB, Target FAR = 1%, 32 E-DCH Resources
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Figure 4: AWGN, G = 0dB, Ec/Ior = -22dB, Target FAR = 10%, 8 E-DCH Resources
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Figure 5: AWGN, G = 0dB, Ec/Ior = -22dB, Target FAR = 10%, 8 E-DCH Resources
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Figure 6: AWGN, G = 0dB, Ec/Ior = -22dB, Target FAR = 10%, 32E-DCH Resources

We now look at the suitable choice of α for the different optimization criteria discussed in Chapter 4.

Case 1: Optimal Approach 1: 
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This corresponds to the case when both AICH Type1/3 and E-AICH Type 2 errors are considered equally important. As explained above, there is a more serious consequence due to E-AICH Type 2 errors compared to AICH Type 1/3 errors and hence we do not believe that this should be the operating point of the system. Nevertheless, we investigate the resulting α due to this criterion:

As seen in Figures 1 through 6, as α varies from 0.3 to 0.7, the error rate on part 1 (AICH bit) decreases while the error rate on part 2 (E-AICH bit) increases.

Table 1 and Table 2 summarizes the optimal α and the resulting error rate for Target FAR = 1% and Target FAR = 10%, respectively.
Table 1: Optimal α, Target FAR = 1%, Total Ec/Ior = -22dB, G = 0dB, AWGN

	Number of E-DCH Resources
	Optimal α
	Weighted error rate at Optimal α
	Weighted error rate at α=0.5

	8
	0.55
	3e-3
	4e-3

	16
	0.5
	5e-3
	5e-3

	32
	0.5
	7e-3
	7e-3


Table 2: Optimal α, Target FAR = 10%, Total Ec/Ior = -22dB, G = 0dB, AWGN
	Number of E-DCH Resources
	Optimal α
	Weighted error rate at Optimal α
	Weighted error rate at α=0.5

	8
	0.45
	7e-4
	1e-3

	16
	0.5
	1e-3
	1e-3

	32
	0.5
	2e-3
	2e-3


Based on the above observations, for this criterion, the choice of α = 0.5 is highly suitable, since there is not much loss in total error compared to the optimal α. Of course, if the resulting total error rate above is not acceptable, then one would need to boost the total  Ec/Ior (across AICH and E-AICH) and re-do the above analysis.

Case 2: Optimal Approach 1: 
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Table 3: Optimal α, Target FAR = 1%, Total Ec/Ior = -22dB, G = 0dB, AWGN

	Number of E-DCH Resources
	Optimal α
	Weighted error rate at Optimal α
	Weighted error rate at α=0.5

	8
	0.45
	1e-3
	1e-3

	16
	0.45
	1.8e-3
	2e-3

	32
	0.4
	2.5e-3
	4e-3


Table 4: Optimal α, Target FAR = 10%, Total Ec/Ior = -22dB, G = 0dB, AWGN
	Number of E-DCH Resources
	Optimal α
	Weighted error rate at Optimal α
	Weighted error rate at α=0.5

	8
	0.35
	3e-4
	1e-3

	16
	0.35
	4e-4
	1e-3

	32
	0.3
	6e-4
	5e-3


As seen from the above observations, for this criterion (0.1, 0.9), for target FAR = 1%, there is not much loss in error performance, when we choose α = 0.5. However, for target FAR = 10%, we do observe a difference in performance when we choose α = 0.5 instead of the optimal α. In particular, when the system is configured for 32 E-DCH resources, we observe an order of magnitude in weighted error performance.

Case 3: Optimal Approach 2: 
In order to optimize α and total Ec/Ior using this approach, one would need to in general have a family of curves such as Figures 1 through 6 for different Ec/Ior.

In Figure 1, say we desire 
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One could also ask the question, what would happen if we are willing to boost the total Ec/Ior and still use α = 0.5. 

For example in Figure 6, say we desire 
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using Optimal Approach 2. In that case we observe that the optimal α = 0.6. So if we are willing to boost Ec/Ior and use α = 0.5, we need to fulfil the following equation:

(Ec/Ior)1 * α1 = (Ec/Ior)2 * α2
If we insert α1 = 0.5 and α2 = 0.6, we obtain

(Ec/Ior)1 = (0.6/0.5) * (Ec/Ior)2, which implies that there is a loss in Ec/Ior of 0.79dB.
6
Conclusions

The error performance of the AICH/E-AICH E-DCH Resource Allocation was analyzed based on analytic derivation of AICH and E-AICH errors in AWGN. The different types of errors that occur on AICH and E-AICH were discussed in detail. In particular, we emphasized the importance of keeping the E-AICH Type 2 error as low as possible due to it’s detrimental effect on overall system performance. 
We also discussed a couple of approaches to optimize the fraction of power α allocated on the AICH and the remaining power (1- α), allocated on the E-AICH, as well as the total Ec/Ior (across AICH and E-AICH). In most of the cases, a setting of α =0.5 was suitable enough and did not result in any significant loss in performance. However, for Optimal Approach 1 (w1 = 0.1;w2 =0.9) and target FAR = 10%, we did observe a sensitivity in error performance when α =0.5 was chosen instead of the optimal α. Also, for Optimal Approach 2, we observed a loss of ~0.8dB in Ec/Ior requirement when α =0.5 was chosen instead of the optimal α for a desired E-AICH error rate = 5e-4 and a desired AICH error rate = 1e-2. 
Hence we propose the following:

Proposal 1: When both AICH and E-AICH are transmitted simultaneously, we propose to have a flexible power setting on the AICH and E-AICH bits.
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Annex 1
 Link Level Plots
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Figure 7: AWGN, G=0dB, 8 Resources, target P(FA)=1%.
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Figure 8: AWGN, G=0dB, 16 Resources, target P(FA)=1%.
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Figure 9: AWGN, G=0dB, 32 Resources, target P(FA)=1%.
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Figure 10: PA3, G=0dB, 8 Resources, target P(FA)=1%.
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Figure 11: PA3, G=0dB, 16 Resources, target P(FA)=1%.
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Figure 12: PA3, G=0dB, 32 Resources, target P(FA)=1%.
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Figure 13: VA30, G=-3dB, 8 Resources, target P(FA)=1%.
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Figure 14: VA30, G=-3dB, 16 Resources, target P(FA)=1%.
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Figure 15: VA30, G=-3dB, 32 Resources, target P(FA)=1%.
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