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1. Introduction
Frequency error requirement for home base station was discussed in last RAN4 meeting and it was proposed to define the frequency error requirement as 0.25ppm for home base station [1]. While during the discussion it was pointed out that OFDM system is more sensitive to frequency error and the impact of frequency error on demodulation performance for higher order modulation scheme should be further investigated. This document evaluates UE 64QAM demodulation performance in the presence of different BS frequency error. 
2. Discussion

BS frequency error can results in UE demodulation frequency error, thus resulting performance degradation for received signal. 
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 are received signal, transmit signal, number of sub-carriers, frequency error and sampling time interval respectively. The first part in the right side is the expected signal on the observed subcarrier and the second part is the interferences from other sub-carriers other than the observed one.
It is seen from the above formula that frequency error results in amplitude fading and phase rotation for the expected signal on the observed sub-carriers and ICI between sub-carriers. Both these two factors will cause performance degradation for UE demodulation. 
However usually UE have frequency offset estimation and compensation algorithm to follow frequency change due to UE mobility and BS transmit frequency error. In order to evaluate the impact of 0.25ppm BS frequency error on 64QAM, we compare UE performance for the cases listed in table 1 using the same UE algorithm.  Since home Node B usually used in low delay spread environment, only EVA and EPA channel type is considered. Also relatively low speed is considered.
Table 1

	Scenario #
	Propagation condition
	doppler shift NOTE
	Frequency error

	Scenario 1
	EVA
	70Hz*
	0.05ppm

	Scenario 2
	EVA
	70Hz*
	0.25ppm

	Scenario 3
	EPA
	5Hz**
	0.05ppm

	Scenario 4
	EPA
	5Hz**
	0.25ppm

	Note *:  corresponding to typical UE speed of ~38km/h in EVA condition.

Note**:   corresponding to typical UE speed of ~3km/h in EPA condition.


Usually the short term frequency stability will affect the demodulation performance more and the changing in time domain is in the order of second level. So we use a sine wave to model the frequency change due to frequency stability in the simulations.
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Where T =10s is the periodicity of the sine wave in the simulation. 
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 is the frequency error (0.05ppm or 0.25ppm).
Figure 1 gives simulation results for scenario 1 and scenario 2 under EVA propagation channel. Figure 2 gives simulation results for scenario 3 and scenario 4. 
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Scenario 1

Scenario 2


Figure 1 Impact of frequency error on UE 64QAM demodulation performance, EVA70Hz
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Scenario 3

Scenario 4


Figure 2 Impact of frequency error on UE 64QAM demodulation performance, EPA5Hz
It can be seen from the results, increasing frequency error requirement from current 0.05ppm to 0.25ppm results in almost no performance degradation for 64QAM. So, we propose to define 0.25ppm frequency error for home eNode B.
3. Conclusion
This document evaluated the impact of BS frequency error on 64QAM demodulation performance. It is seen that almost no performance degradation is observed for 64QAM in typical home eNode B operating environment when increasing frequency error to 0.25ppm. So, it is proposed to define the frequency error requirement as 0.25ppm.
4. Reference
[1] R4-091736, Consideration on E-UTRA home base station Frequency error requirement, RAN4#51
Annex

	Parameter
	Value

	Physical channel
	PDSCH

	Channel bandwidth
	5.0MHz

	Channel model
	EPA5Hz/EVA70Hz

	Noise Model
	AWGN

	Maximum number of HARQ transmissions
	1(No retransmission)

	Modulation scheme and coding rate
	64QAM 3/4

	Error Correction Code
	Turbo Code

	Cyclic prefix length
	Normal

	Number of occupied Resource block 
	Full RB

	Equalizer
	Frequency domain MMSE equalizer

	Channel Estimator
	Real estimator with real noise estimation

	Diversity Antenna
	1 Tx,  2 Rx antennas

	Correlation between branches
	0

	Power imbalance between branches
	0 dB
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