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1 Introduction 

Both LTE and LTE+ adopted the OFDMA as the Uplink multiple access scheme. At high speed scenario, the Doppler frequency can be up to 670Hz at 2000MHz by 360km/h.This brings serious MAI (multiple access interference), specially for the TDD mode. 
In this contribution, we study the MAI under the high speed scenario and propose two effective solutions.
2 LTE/LTE+ UE’s MAI and frequency stability in the high speed scenario
In the SC-OFDMA scheme, every terminal uses the different frequency sub-carriers for transferring data and the different bands are orthogonal and adjacent each other.
In the TDD mode, the Uplink and Downlink use the same frequency band (the same carrier frequency). When the UE stays under the high speed scenario, the signals from the eNB to the UE will get Doppler frequency offset (
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). If the Uplink uses the same carrier frequency as the Downlink, the signals from the UE to eNB will get 2x
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Doppler frequency offset. For example, at 360km/h, the carrier frequency is 2000Mhz. The offset will be up to 1.34KHz.This frequency offset is much enough to degrade the signal quality specially in the narrow band communication system, such as LTE (sub-band is 15KHz).It’s nearly 10 percent of width of the sub RF channel.
This not only affects UE themselves, but also affects other UEs which use the same frequency band but with different RBs. This is typical MAI in the OFDMA scheme. If many UEs work in the high speed scenario, the MAI will become serious enough to degrade the capacity of communication system.
From another aspect, UE frequency stability shall be accurate within ±0.1 PPM in TS36.101 (i.e. 0.2K at 2000MHz carrier frequency) which observed over a period of one sub-frame compared with the carrier frequency received from the BS .The 1.34KHz frequency offset is more than 0.2KHz. It’s very serious. 
3 Discussion
It’s difficult to compensate the Uplink Doppler frequency offset at the base band stage. So we can do this work at IF or RF stage. We need consider changing UE architecture to compensate the Uplink Doppler frequency offset and deal with MAI or In-band emissions. In the proposed architectures, we can easily adjust the carrier frequency of Uplink according to the moving status of UE. This Uplink carrier frequency isn’t equal to Downlink carrier frequency based on the above statements.
At the same time, it’s necessary to develop a verification method to test and evaluate the MAI performance of UE at high speed scenario. This solution could ensure the UE working under the high speed scenario not to affect other UEs. For example, we can redefine the ACLR or In-band emissions specification to meet this requirement. Because the carrier frequency offset becomes into adjacent channel interferences. And the energy leaks into the other frequency channels. So it’s also equivalent to In-band emissions. 
4 Conclusion and Proposal

a) In order to meet the UE RF requirements especially for the in-band emission and frequency stability, we think that it’s necessary to do some requirements in the UE architecture. This needs further discussion.
b) The LTE/LTE+ UE working under the TDD mode should use the different carrier frequency in the Uplink and Downlink directions at high speed scenarios. One intermediate frequency architecture (especially for the digital intermediate frequency receiver) may be fine. Thus we can compensate the Doppler frequency offset at the intermediate frequency stage. If UE adopts the digital intermediate frequency architecture, it’s only need to adjust Uplink NCO (numeric control oscillator) frequency by digital interface shown as Figure1.

Another method is ZIF (zero intermediate frequency) UE architecture which can use different LO(local oscillator). Thus we can directly adjust Uplink carrier frequency according to the Doppler frequency offset illustrated in Figure2.
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Figure 1  Digital intermediate frequency architecture receiver
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Figure 2 Different LO for Uplink and Downlink architecture
Abbreviation in the Figures:
VCTCXO: voltage control temperature compensate oscillator
PLL: phase locked loop

VCO: voltage control oscillator

NCO: numerical control oscillator

DDC: digital down converter

DUC: digital up converter

ADC: analog to digital converter

DAC: digital to analog converter
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