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1. Introduction
At the RAN1#47bis meeting, a new uplink sub-frame format with LB RS was adopted, in which, one long block located at the middle of a slot, is used for the reference signals instead of two short blocks. It is obvious that LB RS has an inherent capability of providing larger number of different CAZAC sequence compared to SB RS. LB RS and SB RS provide effectively the same BLER performance at low or medium speed. But the channel tracking performance of LB RS gradually underperforms for fast channel variation in a high mobility environment. The throughput using LB RS is significantly degraded compared with that of using SB RS, especially for 16QAM modulation. 
Frequency division multiplexing (FDM) RS for high speed UEs is proposed in this contribution. In this structure, two LBs are used for the RS, which is multiplexed with data in frequency domain, instead of one LB RS. Sub-frame structure can change between LB RS and FDM RS adaptively according to speed variation. This adaptive scheme retains the benefits of LB RS and reduces the degradation of BLER performance of high speed UE efficiently.
2. Simulation Configuration
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Figure 1. UL Sub-Frame RS structures (Extended CP)
The reference signal structures used in the simulations are presented in Figure 1, in which (a) is the accepted LB RS structure, (b) is the SB RS structure, and (c) is the suggested FDM RS structure. Two LBs of each slot are used as DM RS in the FDM RS structure. RS and data is interleaved FDM, as shown in Figure 2, in order to reduce the overhead to the acceptable range (<15%). The minimum data allocation of FDM RS structure is increased to 2 RBs to maintain the number of different CAZAC sequence.
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Figure 2. FDM RS mapping

The simulation parameters used in the simulation are shown in Table 1. The Zadoff-Chu sequence is used as the RS sequence. The data modulation schemes are QPSK and 16QAM. Turbo coding is used with the channel coding rate of R = 1/3. 

The six-ray Typical Urban (TU) channel model is assumed with the UE speed of 3, 120, and 350km/h. In the UE receiver, 2-branch antenna diversity reception is assumed associated with the MMSE based frequency domain equalizer. In channel estimation, FFT based interpolation is used in frequency domain and linear interpolation is used in time domain.

Table 1. Simulation parameters and configurations

	Parameters
	Value

	Number of simulation
	10,000 TTIs

	Carrier frequency
	2GHz

	Transmission bandwidth
	1.08MHz (6 resource units)

	Frequency hopping
	Without hopping

	Data modulation
	QPSK, 16QAM

	Channel coding
	Turbo coding (R=1/3)

	Reference signal sequence
	Zadoff-Chu sequence

	Cyclic prefix
	Extended cyclic prefix

	Channel model
	6-ray Typical Urban model

	UE speed
	3, 120, 350km/h

	Channel estimation
	Freq. domain: FFT based interpolation

Time domain: Linear interpolation

	Number of antennas
	Tx 1, Rx 2 (MMSE receiver)


3. Simulation results
From Figure 3 to Figure 5, BLER performance curves of LB RS, SB RS, and FDM RS structures are shown under various vehicle speeds (3, 120, and 350km/h) and different modulations (QPSK and 16QAM). In Figure 3 and Figure 4, the BLER of SB RS and FDM RS structure is slightly degraded, compared with that of LB RS structure at low and medium speed. It is expected that the degradation can be ignored with using Wiener filter as time domain interpolator in channel estimation. When UE velocity gets higher to 350km/h, as shown in Figure 5, the performance of LB RS structure is degraded significantly, due to the inaccuracy of channel estimation caused by poorer time domain linear interpolation, especially for 16QAM modulation. In Figure 5, there is no difference indicated in the BLER performance between FDM RS and SB RS structures. 
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Figure 3. BLER performance (UE speed = 3km/h)
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Figure 4. BLER performance (UE speed = 120km/h)
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Figure 5. BLER performance (UE speed = 350km/h)
4. Conclusions
An FDM RS scheme is proposed for LTE UL in this contribution. The FDM RS scheme retains the sub-frame structure of currently accepted LB RS structure, and achieves similar performance as SB RS at high vehicular speed. 
Based on the preliminary simulation results, FDM RS scheme can be an adaptation of LB RS structure for high speed UEs.
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