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1. Introduction

In RAN1 several companies have recently proposed innovative approaches for the PHICH channel in order to mitigate I/Q leakage caused by channel estimation error [1]

 REF _Ref197250664 \r \h 
[2]. This contribution provides a preliminary assessment of the impact of I/Q leakage on PHICH performance and the need for further modification of the PHICH channel. 

2. Performance Results

Link level simulations were carried out assuming a network system bandwidth of 10MHz, single transmit antenna, dual port receiver operation, 0dB RS power boosting and practical channel estimation based upon the MMSE.

Figure 1 compares PHICH BER performance for several ratios of desired user (DU) power to interfering users (Int) power. In all simulations the Desired User occupied PHICH Sequence 0 while the Interferer Users power was evenly distributed among six interferers occupying PHICH Sequences 1,…,6. 
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Figure 1 - Desired User PHICH performance
As shown a degradation of 0.4dB (4.0dB – 3.6dB) is observed when DU/Int = -8dB while a degradation of 0.7dB is observed for DU/Int=-12dB at the 1%FER point. 

We note degradation in performance due to I/Q imbalance may be dependent on the particular channel estimation and PHICH demodulation approach used. However, the low ratios of desired user to interferer power required for I/Q imbalance to significantly impact on PHICH performance indicate a small adjustment of power from the interfering users to the desired user may easily make up for any degradation.

For example, consider the case where DU/Int = -12dB from Figure 1. If the signal power of the interfering users is degraded by 0.1dB and transferred to the desired user, then the desired user power increases by 1.25dB (DU/Int = -10.6dB) if the total power in the PHCIH group remains the same. Notably, the 1.25dB in desired users power is more than sufficient to overcome the 0.7dB degradation due to I/Q imbalance observed in Figure 1. 

In [1] a new PHICH mapping is proposed which attempts to mitigate the impact of I/Q leakage by varying the PHICH group and assigned PHICH sequence for each of the 3 repetitions constituting a PHICH. The performance of the new approach is investigated in Figure 2. In generating results labeled DU/Int: -12(dB), R1-081215, interfering users are present only in the first of the three repetitions of the orthogonal sequence that constitutes the PHICH spreading sequence. As shown the potential benefit of this approach is mitigating the loss in performance due to I/Q leakage from 0.7dB to 0.3dB. 

It should be noted that Figure 2 only investigates the performance gain experienced by the desired user and does not consider the degradation users in other PHICH groups may experience due to increased interference. Furthermore, it should also be highlighted that it is questionable whether gains exist if only a single PHICH group is present as is likely for low bandwidth or lightly loaded deployments. 
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Figure 2 – Potential Desired User PHICH performance gain 
3. Conclusions
This contribution details an initial investigation into the impact of I/Q leakage on PHICH performance. Under severe conditions where other interfering user power is 12 dB higher than desired user power a loss of 0.7dB was observed. However, due to the large ratio of interferer to desired user power, even a small adjustment of power from interferer to desired user easily makes up for any degradation in desired user PHICH performance.

Finally, an investigation into the new approach proposed in [1] was performed. Although some performance benefit was observed, it is unclear whether there is a universal benefit or whether limited benefit is provided in a few limited scenarios. Given the small power adjustment required from interfering users to any desired user to significantly improve desired user performance, it is likely more prudent to continue with the current Rel’8 working assumption rather than unnecessarily complicate the specification at this late stage.
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