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1. Introduction

In RAN1#50, it was agreed that the PHICH will use 3 mini-CCEs (corresponding to repetition factor of 3) where a mini-CCE is defined as four consecutive useful REs in frequency domain.  However, it was FFS   whether a repetition factor of 4 is needed in case of a single transmit antenna at the eNB.  This contribution shows that a link diversity gain in the order of 0.5 dB is achievable with 4 instead of 3 repetitions.  However, to maintain simple and consistent design for different antenna configurations, it is recommended that the default repetition factor of 3 is kept.
2. PHICH Transmission for 1 Tx Antenna
Naturally, the PHICH mapping should provide good frequency diversity while allowing multiple PHICHs to be configured.  As agreed, each PHICH is mapped to 3 mini-CCEs.  A simple approach is to distribute the 3 mini-CCEs in a uniform manner throughout the system bandwidth.  For systems with 1 transmit antenna, it was FFS whether 3 mini-CCEs provide sufficient frequency diversity.   Figure 1 compares the performance between using 3 and 4 mini-CCEs.  From the figure, it is seen that performance improves by approximately 0.5 dB at 0.1% BER and 0.2 dB at 1% BER. Clearly, there is some link performance gain to be had for the 1 transmit antenna case.  However, to support this will require different PHICH mapping for the 1 transmit antenna case.  Some discussion regarding the tradeoffs between the link gain and complexity issues are outlined below.
Advantage:

· Performance improvement of approximately 0.5 dB at 0.1% error and 0.2 dB at 1% error.  However, since in general the total power required for the PHICHs is expected to be small as a percentage of eNB total transmission power, this may not lead to a significant eNB power saving in practice. 
Disadvantages:

· More frequency resource is needed for the PHICH.  Although there is a power saving from additional frequency diversity, in situations where power is not an issue, this is an unnecessary waste of frequency resource (i.e. 33% more resource elements are required for each PHICH).
· Different mapping for 1 transmit antenna case, leading to unnecessary complication (e.g. different interleaver design) in the specifications.
It is therefore recommended that the PHICH be mapped to 3 mini-CCEs as agreed in RAN1#50 for systems with 1 transmit antenna.
3. References

1. R1-073538, “DL ACK/NACK transmission for 1 transmit antenna”, Samsung, RAN1#50, Athens, Greece, August 2007.
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Figure 1.  PHICH performance, non-ideal channel estimation, TU 3 km/h.
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Figure 1.  PHICH performance, non-ideal channel estimation, TU 120 km/h.




























































































































































































































































