TSG-RAN Working Group 4 (Radio) meeting #47bis 
 R4-081550
Munich, Germany, 16 – 20 June 2008


Source:
Ericsson

Title:
PHICH simulation results
Agenda item:
6.1.2.4
Document for:
Discussion
1 Introduction

This document contains simulation results for PHICH in accordance with the simulation assumptions in [1]. We also address the issue of an asymmetric detection threshold in the UE. 
2 Power setting within the PHICH group

It is clear that multiple users that are multiplexed into the same PHICH group have to share the energy according to levels dictated by the eNodeB. For the current simulation scenario ‎[1], there are three users in the same PHICH group, and their symbol energy relative to each other is [-3 dB, 0 dB, -4 dB]. However, the UE does not know these levels a priori. Furthermore, compared to a single user case and neglecting possible I/Q-leakage induced interference from other users in the same PHICH group, the scheduled user in this example already suffers from an almost 6 dB power penalty.
3 Threshold calculation
We assume the following signal model. Denote the received signal  
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 denote the contribution due to RX antenna 
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is the wanted signal. Assuming MRC-combining, the demodulated signal 
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 then becomes
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To determine the ACK-NAK threshold we set this w r t DTX (or equivalently
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) is sent and thus
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If 
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, the variance of the previous equation becomes
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According to ‎[2], the DTX-to-NAK probability shall be around 10%. We denote this threshold the 0 dB-threshold, below which the user decodes ACK. The probability mass under the tail of a Gaussian-distributed random variable
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must then satisfy
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Note that 
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is rotated 
[image: image14.wmf]4

p

j

e

-

in order to map the relevant portion of the signal to the real axis. Using standard tables, one can find the argument of the Q-function is around 1.28 and thus our threshold becomes
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Furthermore, 
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 has to be scaled with 
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 since only the real part of the channel is considered. Other thresholds
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 are derived by
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4 Results

Figure 1 and Figure 2 show the error probabilities for ACK-to-NAK and NAK-to-ACK according to the simulation assumptions listed in ‎[1], respectively. 
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Figure 1. Probability for ACK-to-NAK with various thresholds, where -200 dB is virtually zero threshold.
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Figure 2. Probability for NAK-to-ACK with various thresholds.

5 Conclusion

From the presented simulation results, it is seen that the asymmetric requirement on ACK-to-NAK and NAK-to-ACK, which is achieved by moving the decision boundary towards NAK, leads to a requirement on boosting NAK in order to achieve a balanced SNR requirement on the two probabilities. However, this will result in a scenario-specific probability for ACK-to-NAK and NAK-to-ACK events because it depends on the actual number of users present in the PHICH group as well as their sending either ACK or NAK. For simplicity of the UE implementation, one could consider a simple PHICH boosting at the eNodeB together with zero threshold detection at the UE. This could also be used as an assumption for the requirements. Then, the burden of smartly assigning users to different PHICH groups is completely at the eNodeB.
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