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1. Discussion
In TR36.913, the requirements for LTE Advanced [1], the following is stated.

	Advanced E-UTRA and Advanced E-UTRAN will be deployed as an evolution of Release 8 E-UTRA and E-UTRAN and on new bands. Advanced E-UTRA and Advanced E-UTRAN shall be backwards compatible with Release 8 E-UTRA and E-UTRAN in the sense that

· a Release 8 E-UTRA terminal can work in an Advanced E-UTRAN, 

· an Advanced E-UTRA terminal can work in an Release 8 E-UTRAN


Naturally thinking, the above statement says that the Release 8 LTE L1 numerologies should be re-used as the basic numerologies for LTE Advanced.
Release 8 LTE uses a 15-kHz sub-carrier spacing, which is determined in consideration of the RF frequency of up to 2.6 GHz. Provided that the primary band for LTE Advanced is in around 3.5GHz, one fundamental question is if 15 kHz as a sub-carrier spacing is also capable to work well for 3.5 GHz band.
The determination of sub-carrier spacing (or inverse of useful OFDM symbol duration), in general, relies on two facts: phase noise and Doppler shift.
The former is not a major issue due to the higher frequency stability in both UE
 and eNodeB. It can be easily confirmed in the early stage of LTE study item and vendor experiences. That is, the phase noise in the current 2GHz UE can be accepted with the sub-carrier spacing of 15 kHz. Similarly, the phase noise will not be an issue for 3.5GHz UE as long as the UE employs local oscillator experiencing the same or better phase noise.
The later may be a big issue when a higher frequency band is involved. This is because the transmitting a radio signal in a higher RF frequency introduces a larger Doppler shift. In general, OFDM signal expects to have a wider sub-carrier spacing for a larger Doppler shift. If the CP length is not shortened, however, widening sub-carrier spacing increases CP-insertion loss. On the other hand, changing the sub-carrier spacing could impact the backward compatibility of LTE Advanced to Release 8 LTE. Thus, from such a point of view, the sub-carrier spacing for Release 8 LTE should be retained in LTE Advanced.
In order to clarify how much impact occur if employing 3.5GHz band instead of 2GHz, we briefly conduct link-level simulation which roughly give rise of the answer whether the sub-carrier spacing of 15 kHz is appropriate. (Note: We haven’t carried out similar simulations with other sub-carrier spacing values than 15 kHz.) The simulation compares link-level throughputs between at 2 GHz and at 3.5 GHz.
The simulation assumption and simulation results are detailed in Appendix. To remove the effect of RS density from the results, ideal channel estimation is performed throughout the simulation.

As a consequence, we may say that the sub-carrier spacing of 15 kHz is good for QPSK and 16QAM in 3.5GHz band. For 64QAM, however, it confirms that the sub-carrier spacing of 15 kHz may be good at UE speeds of 30 km/h and 100 km/h and beyond that, the certain performance degradation is notable.
	Condition
	Decrease in throughput in 3.5GHz compared to in 2 GHz is….
	Simulation results are shown in…

	UE speed
	MCS
	
	

	30 km/h
	QPSK, R=1/3
	marginal
	Figures 1 and 2

	
	QPSK, R=3/4
	marginal
	

	
	16QAM, R=0.73
	marginal
	

	
	64QAM, R=0.77
	marginal
	

	100 km/h
	QPSK, R=1/3
	marginal
	Figures 3 and 4

	
	QPSK, R=3/4
	marginal
	

	
	16QAM, R=0.73
	marginal
	

	
	64QAM, R=0.77
	small
	

	300 km/h
	QPSK, R=1/3
	marginal
	Figures 5 and 6

	
	QPSK, R=3/4
	marginal
	

	
	16QAM, R=0.73
	marginal
	

	
	64QAM, R=0.77
	large
	


2. Conclusion

In this contribution, we have clarified the impact of throughput performance by increasing the carrier frequency from 2GHz to 3.5GHz, by means of link-level simulation. It has been confirmed that, for QPSK and 16QAM with the sub-carrier spacing of 15 kHz, the performance degradation is negligible, while for 64QAM, a notable degradation can be viewed beyond UE speed at 300km/h. As a consequence, from the viewpoints of throughput performance and backward compatibility, we suggest to use the sub-carrier spacing of 15 kHz for 3.5 GHz band.
3. Reference

[1] TR36.913 Requirements for Further Advancements for E-UTRA v8.0.0 (2008-6).

4. Appendix (Simulation assumption and results)
The used simulator does not fully comply with the Rel’8 LTE standard. The frame structure parameters such as sub-carrier spacing, CP length and RS pattern are the same as for Rel’8 LTE.   
Table 1 Link-level simulation assumption (fixed parameters)
	Parameters
	Values
	Comments

	Transmission bandwidth
	3.6 MHz
	3.6 MHz is NOT supported as a transmission BW for Rel’8 LTE. 

	# of sub-carriers
	240
	

	sub-carrier spacing
	15 kHz
	

	Overhead due to reference and control signals
	28.57 %
	for 2Tx antennas

	antenna configuration
	1 x 1
	RS pattern used is for 2Tx.

	receiver
	MMSE
	

	Channel estimation
	ideal
	RS density is not considered.

(RS density is constant regardless of RF carrier frequency.)
RS density doesn’t affect the throughput comparison between 2 GHz and 3.5 GHz.


         Note: RF imperfection including phase noise is NOT considered in the simulation.
Table 2 Link-level simulation assumption (variable parameters)

	Parameters
	Values
	Comments

	MCS
	index = 3
	QPSK, R=1/3
	Rel’8 LTE MCS is NOT used in the simulation. The index numbers are just for our simulator.

	
	index = 6
	QPSK, R=3/4
	

	
	index = 9
	16QAM, R=0.73
	

	
	index = 12
	64QAM, R=0.77
	

	Carrier frequency, Fc
	2 GHz, 3.5 GHz
	

	channel
	1 path,  6path TU
	

	UE moving speed
	30 km/h, 100 km/h, 300 km/h
	


Figures 1 through 6 are the link-level simulation results.
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Figure 1 link-level throughput (1path, 30 km/h)
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Figure 2   link-level throughput (TU6, 30 km/h)
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Figure 3 link-level throughput (1 path, 100 km/h)
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Figure 4 link-level throughput (TU6, 100 km/h)
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Figure 5 link-level throughput (1 path, 300 km/h)
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Figure 6 link-level throughput (TU6, 300 km/h)











































































































































































































































































































































































� UE may employ phase locked oscillator (PLO), with high frequency stability provided by temperature compensated crystal oscillator (TCXO).
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