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1
Introduction
According to the current assumptions, the PHICH is transmitted in the downlink with the following characteristics:
· Frequency span = 12 resource elements (RE)

· Time span = 1 or 3 OFDM symbols

· Indicated in SU-1 of dynamic BCH

· Frequency domain CDM

· SF=4 for short CP

· SF=2 for long CP
In this document, we compare the link performance of PHICH with the above parameters.
2
Analysis
2.1
RE for Reference Signal
The reference signals per Tx antenna occupy every 6th RE in an OFDM symbol that contains the RS. This places an interesting constraint with 1 Tx antenna, since there are 5 RE available for PDCCH and PHICH transmission.
However, we propose to always use 4 RE every 6 RE in an OFDM symbol that contains RS. In case of 1 Tx antenna, the “spare” RE can be used to boost the RS or PHICH/PDCCH.

This implies that the usage of frequency domain CDM transmission with SF=4 involves a 75 KHz de-spreading operation at the UE.

2.2
Simulations
Figures 1-4 show the performance with the following assumptions:
· Short CP

· TU30 channel

· 1x2 scenario

· SF=4 vs. SF=2 with dual-state BPSK
· Power offset between users = {0, +3, +6} dB
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Figure 1

Power Offset = 0 dB
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Figure 2

Power Offset = 3 dB
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Figure 3

Power Offset = 6 dB
We observe the following:
· Impact of frequency domain CDM
· Link performance with SF=2 is 0.5 dB better than link performance with SF=4 due to two reasons

· 12th order channel diversity achieved with SF=2 (6 strips of 2 contiguous RE, 2 Rx antennas) as opposed to 6th order diversity achieved with SF=4 (3 strips of 4+1 contiguous RE, 2 Rx antennas)

· De-spreading over 75 KHz with SF=4

· Using SF=4, one can multiplex 2x the number of ACKs in the same occupied bandwidth

· Impact of power offset

· SF=2 is more robust to power variations across multiple ACKs within the same bandwidth

· The degradation due to 6 dB power offset is {0.2, 0.5} dB with {SF=2, SF=4}

3
Summary
Based on the simulations, we propose the following:
· Short CP

· SF=4 with frequency domain CDM over 75 KHz

· RE reserved for a hypothetical 2nd RS even when only 1 Tx antenna is present

· Long CP

· SF=2 with frequency domain CDM over 30 KHz








































































































































































































































































































































































































































































































































































































































































































































































































































