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1. Introduction

One of the main focuses of the study item in LTE – A is to identify which basic OFDM parameters can be re-used from LTE. The goal is to simultaneously achieve backwards compatibility and a quicker completion of the LTE – A study item, and ultimately, the specification. Thus, as new and higher carrier frequencies are introduced into LTE – A, a need arises to study system deployments therein, and evaluation whether or not certain parameters need to be changed for LTE – A. For example, a related study [1,2] addresses the impact of Doppler i.e., higher carrier frequencies, onto the DL link – level performance of LTE. The conclusion of [1,2] is that OFDM symbol duration for LTE – A can be inherited from LTE without substantial impacts of the system performance.
While OFDM symbol duration is rather short compared to coherence times as seen in typical deployments, the same cannot be said for OFDM slot duration. This occurs because the slot contains several OFDM symbols, and propagation channel can change substantially within the slot. In the downlink operation, the density of reference symbols is twice per slot, whereas there is only one UL RS per slot for the uplink operation. Thus, UL is expected to be twice as sensitive to higher Doppler environments when compared to the DL. The focus of this paper is to examine the link level performance when higher carrier frequencies are introduced in the uplink (UL).     
2. Impact of Doppler 
LTE – A uplink simulations were carried out at the 3.5GHz carrier with following velocities 

· Velocity 1: 200kmh
· Velocity 2: 120kmh

· Velocity 3: 60kmh

Slot structure, symbol durations, and RS positions are all borrowed from the LTE. Figure 1 shows link – level performance simulations.  
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Figure 1: Link Performance @ Different Velocities QPSK [left] and 16QAM [right], R = ½.
	Parameters
	Assumptions

	Carrier Frequency
	3.5GHz

	Resource Block
	180 kHz [15 kHz x 12]

	Number of Used Resource Blocks
	1

	Modulation
	QPSK, 16QAM

	Code Rate
	½ 

	UE Velocity
	60kmh, 120 km/h, 200 km/h

	Channel Model
	SCM–C

	Frequency Hopping
	At the slot boundary

	Number of Receive Antennas
	2 – Uncorrelated

	Number of Transmit Antennas
	1

	Error Correction Coding
	3GPP Turbo


Table 1: Link Level Simulation Assumptions

As seen from simulation results in Figure 1, even with QPSK modulation, link degradations at 200kmh is significant. With 16QAM, serious problems occur already around 100kmh. These problems do not occur with perfect channel estimation, as seen from Figure 1. Consequently, the reference signal density is problematic. With only one DM RS per 0.5ms slot, the channel changes too rapidly, so that receiver is unable to cope with these variations (already at 100kmh). Furthermore, LTE – A is required to support high – speed environments, up to 350kmh (or even 500kmh), which is difficult to achieve with higher carrier frequencies and LTE UL DM RS density.

In order to deal with this problem, two possible solutions can be envisioned. One direction is to introduce a more dense RS for LTE – A in the uplink. Another possible direction is to preclude deployments of higher – speed cells (UEs) on larger carrier frequencies. We do not consider the second solution to be very practical and/or flexible. Any particular LTE – A spectrum should be usable in any geographical area. Otherwise, very large chunks of LTE – A spectrum at higher carrier frequencies would remain wasted in geographical areas containing high mobility UEs.                
3. Conclusion

Higher carrier frequencies introduced by the LTE – A will induce higher Doppler rates for the channel. Reference signals on the uplink are not sufficiently dense (in time) to support reliable UL operation at these higher Doppler rates.       
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