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1.0  Introduction

The purpose of this paper is to highlight some of the issues with deploying 64 QAM on the LTE uplink.  As a manufacturer, we are neither for nor against 64QAM, but we believe that it is important for RAN1 to understand some of the issues we face in building a product that supports 64QAM.  The primary impact on the radio design is in the area of modulation fidelity or EVM.
2.0 Link Loss Due to EVM
EVM requirements are determined largely by link performance degradation.  The following chart illustrates evm versus SNR for various levels of link loss.
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Figure 1.  EVM vs. SNR for fixed link loss.
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Figure 2.  AMC BLER curves.

As can be seen by the curves in Figure 2, UE’s supporting 64QAM will be operating at SNR’s of 20dB or more in fading.  It can be concluded, therefore, that a UE supporting 64 QAM on the uplink will be required to maintain evm levels of roughly 2%-2.5%.   In contrast, UE’s supporting 16QAM require SNR’s of at least 5dB less.  This raises the evm requirements to roughly 3-4%.  Now, take this in contrast to EDGE and W-CDMA where the evm requirements are at least 9%.  The added evm burden on an LTE radio will be substantial to support 64QAM and this decision alone will likely touch every aspect of the radio architecture and add complexity, cost and current drain to the UE.  So, in LTE we are no longer asking for incremental radio improvements over a WCDMA radio, but we are talking about an entirely new product.  
4.0. Conclusions

In conclusion, 64 QAM represents a serious, but not insurmountable challenge for radio designers.  It is our view that significant gains should be demonstrated due to adding 64QAM before it is mandated in the spec.  Even in the case where significant gains are shown, we are concerned that the LTE mission is starting to creep beyond the original scope of the project as roughly 3x capacity gains over HSUPA have already been shown for the LTE uplink.
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