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1. Introduction
In last RAN4 meeting, the impact of HeNB frequency error on higher order modulation scheme 64QAM was discussed [1] and the proposed 0.25ppm frequency error was agreed. It is proposed to include the evaluation results in document [1] into the TDD Home eNode B TR[2].
2. References
[1]. R4-092207, Further Consideration on E-UTRA home base station Frequency error requirement, CATT, RAN4 #51bis.
[2]. R4-09XXXX, LTE TDD Home eNodeB RF Requirements 0.2.0, RAN4#52, CMCC.
3. Text proposal

----------------------------------------------------- Start of Text Proposal------------------------------------------------------
6.2.3
Frequency error
Frequency error is the difference between the actual BS transmit frequency and the assigned frequency. The same source shall be used for RF frequency and data clock generation. Frequencies accuracy is an important RF requirement for HeNB. A reasonable tradeoff between the cost and system performance should be made to derive the frequency error for HeNB. Frequency accuracy will affect the system performance in many areas, such as handover performance, cell throughput and timing etc.

6.2.3.1
Handover performance
Frequency accuracy requirement will affect the measurement precision, which may degrade the handover performance. For HeNB, there are three kinds of handover scenarios, (1) handover from eNB to HeNB, (2) handover from HeNB to eNB, (3) handover between HeNBs. Since eNB usually has a better frequency accuracy performance than HeNB, the handover between HeNBs is the worst scenario. Although the handover scenarios of HeNB have not been defined clearly in 3GPP, the frequency error should support all possible scenarios.
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Figure 6.2.3.1-1 Handover between HeNB
For macro cells, eNB can support the handover at the speed of 350km/h. For home environment, the maximum speed of UE is only 30km/h. Since the frequency error of ±0.05ppm and speed of 350km/h can be supported by EUTRA, the frequency error of HeNB should be relaxed because of the limited maximum speed. The computation is same to the analysis in [1]. Assuming the operating frequency is 2.6GHz, the frequency accuracy of HeNB should be within ±0.34ppm.

6.2.3.2
Cell capacity
One of the main motivations to introduce HeNB is providing high data rate services for indoor environment. Therefore, the high order modulation and coding scheme such as 64QAM 5/6 must be supported by HeNB. However, BS frequency error can results in UE demodulation frequency error, thus resulting in performance degradation for received signal as shown in the following formula.
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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 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.
Figure 6.2.3.2-1 shows the SNR degradation because of the frequency error in OFDM [2]. For example, if the signal to noise ratio (SNR) is 20dB, the performance degradation can be ignored when the frequency error is less than 100Hz. If the frequency error is 400Hz, the performance degradation will be larger than 1dB, which implies the signal to inter-subcarrier interference and noise ratio (SINR) is less than 19dB.
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Figure 6.2.3.2-1 SNR degradation VS frequency error

In fact, the performance degradation is related to the Doppler shift and the relative error between HeNB and UE. Usually UE has frequency offset estimation and compensation algorithm to follow frequency change due to mobility and BS transmit frequency error. Therefore, the link performance depends on the performance of the estimation and compensation algorithms. According to the OFDM performance analysis, as long as the residual frequency error after compensation is less than one percent of the subcarrier interval, the link performance degradation can be ignored [3]. 
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 a commonly used UE algorithm. Since home eNode B is targeted at use in low delay spread environment, only relatively low speed environment related EVA and EPA channel type is considered.

Table 6.2.3.2-1
	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. The short term frequency changing in time domain is in the order of few seconds  and 10s may be an acceptable value to capture the frequency change period. 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 used to modulate the short term frequency stability characteristic in time domain. 
[image: image6.wmf]max

f

 is the frequency error (0.05ppm or 0.25ppm).

Figure 6.2.3.2-2 gives simulation results for scenario 1 and scenario 2 under EVA propagation channel. Figure 6.2.3.2-3 gives simulation results for scenario 3 and scenario 4. 
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Figure 6.2.3.2-2 Impact of frequency error on UE 64QAM demodulation performance, EVA70Hz
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Figure 6.2.3.2-3 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 HeNB 64QAM. 

6.2.3.3
Timing

As the carrier frequency source is also used to generate the data clock [4], the frequency error is also relative to the synchronization period when the network listening scheme is applied [5]. As the HeNB cannot capture the GPS timing signal in most deployment scenarios, network listening scheme is a feasible synchronization solution for HeNB. HeNB may periodically utilize a synchronization signal such as the primary synchronization sequence (PSS), secondary synchronization sequence (SSS) and common reference signal (CRS) from eNB to drive its timing. According to the analysis in [5], the maximum synchronization period can be computed and listed in Table 6.2.3.3-1. Note that the frequency error is the relative frequency error between eNB and HeNB, or HeNB and HeNB. For example, if the frequency error of HeNB is 0.25ppm, the relative frequency error between eNB and HeNB is range from 0.2ppm to 0.3ppm, and the relative frequency error between HeNBs is range from 0 to 0.5ppm.
Table 6.2.3.3-1 Synchronization maintenance periods with different frequency error values

	Frequency error
	Maximum synchronization period

	0.2ppm
	7.5s

	0.3ppm
	5s

	0.4ppm
	3.75s

	0.5ppm
	3s
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Figure 6.2.3-6 Network listening synchronization scheme.

According to the above analysis, if the frequency error of HeNB is stricter than 0.3ppm, the synchronization maintenance period and related overhead seem to be acceptable.

6.2.3.4
Minimum requirement
The modulated carrier frequency of the E-UTRA Home BS shall be accurate to within ±0.25 ppm observed over a period of one subframe (1ms).
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