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1. Introduction
The requirements in [1] for LTE-A state that “The system shall support mobility across the cellular network for various mobile speeds up to 350km/h. (or perhaps even up to 500km/h depending on the frequency band)” For high mobile speeds like 500km/h, the UE experiences high time selectivity which would requires more RS density in time domain in order to catch up the time-variant property in channel estimation. As for current PUSCH DM RS structure, since there is only one RS symbol within a slot, the RS may not efficiently estimate the channel variances for high speed UEs.
This contribution investigates the performance aspects in BLER perspective via link level simulation under high speed UEs.
2. Simulation 
In this chapter, we simulate the BLER performances for PUSCH with the Rel-10 DM-RS structure. The most simulation parameters are well aligned with [2] as listed in Table 1. Two main structures were compared; 1) Rel-10 DM RS structure 2) Rel-10 DM RS structure with one additional RS symbol. For the case of 2), the additional RS symbol is located in the last SC-FDMA symbol for comparison. Figure 1 shows the Rel-10 DM RS structure with one additional RS symbol. With one additional RS symbol in the second slot, the channel estimation for the second slot was performed by linear interpolation between two RS symbols in the second slot. 
Table 1 Link level simulation parameters

	Simulation parameter
	Assumptions

	Carrier frequency
	1.9GHz, 2.6GHz

	System bandwidth
	5MHz

	Number of used resource blocks
	3RB

	Cannel model
	Typical Urban(6 paths)

	Channel estimation
	Perfect, Practical

	Modulation
	QPSK, 16QAM

	Channel coding
	3GPP turbo code, rate=1/2

	UE velocity
	120km/h, 200km/h, 350km/h, 500km/h

	Antenna configuration
	1x2

	Frequency hopping
	At the slot boundary

	Receiver
	Linear MMSE
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Figure 1. Rel-10 DM RS structure with one additional RS symbol
Figure 2 to Figure 5 show the BLER performances for QPSK 1/2 and 16QAM 1/2 rates in 1.9GHz and 2.6GHz carrier frequencies. From the simulation results, we observe that 
· For QPSK 1/2 rate, the BLER performance in legacy structure is severely degraded with 500km/h UE speed.

· For 16QAM 1/2 rate , The BLER performance in Rel-10 DM RS structure is severely degraded with 350km/h and 500km/h UE speeds.
· The performance degradations with high speeds in higher carrier frequency (ie. 2.6GHz) become worse than in lower carrier frequency (ie. 1.9GHz).
For all cases, it is further observed that the additional RS insertion in time domain can improve the BLER performances by enhancing channel estimation accuracy.
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Figure 2 BLER performance (QPSK 1/2, 1.9GHz carrier frequency) 
[image: image4.emf]4 6 8 10 12 14 16 18 20

10

-3

10

-2

10

-1

10

0

SNR[dB]

BLER

3RB 1.9GHz 16QAM legacy DMRS

 

 

Perfect CE

Practical CE 120km/h

Practical CE 200km/h

Practical CE 350km/h

Practical CE 500km/h

[image: image5.emf]4 6 8 10 12 14 16 18 20

10

-3

10

-2

10

-1

10

0

SNR[dB]

BLER

3RB 1.9GHz 16QAM addtional DMRS

 

 

Perfect CE

Practical CE 120km/h

Practical CE 200km/h

Practical CE 350km/h

Practical CE 500km/h


Figure 3 BLER performance (16QAM 1/2, 1.9GHz carrier frequency)
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Figure 4 BLER performance (QPSK 1/2, 2.6GHz carrier frequency)
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Figure 5 BLER performance (16QAM 1/2, 2.6GHz carrier frequency)
3. Conclusions

In this contribution, we evaluated the BLER performances for PUSCH in high Doppler scenario with difference frequency bands of 1.9GHz and 2.6GHz carrier frequencies via link level simulation. Based on the simulation results, it was observed that the current DM RS structure is suffering from high Doppler environments (eg. 350km/h and 500km/h). The BLER performance degradation in higher carrier frequency became worse than in lower carrier frequency. It was further observed that the additional RS symbol insertion can improve the BLER performances under high speed environments. Also, it is desirable to keep the current DM RS structure as much as possible considering backward compatibility. As one possible solution, the SRS could be used to enhance the channel estimation accuracy in high speed UEs. As a conclusion, we suggest further studies to solve the high speed issues on UL DM RS.
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