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1. Introduction
The frequencies of the HeNB and UE have to be accurate within a specific range to ensure the performance requirement. For eNB, the carrier frequency should be accurate enough within ±0.05ppm. However, the high frequency precision results in much cost, which is adverse to the HeNB application and operation. In order to reduce the cost of HeNB, it is necessary to relax the frequency error requirement. However, the relaxation may degrade the system performance. For HeNB applications, the performance, especially the support of high throughput, is very important to operators. Therefore, the frequency error requirement of HeNB should be a tradeoff between the cost and the performance.
In the contribution, we will analyze some relative factors to the carrier frequency precision and then propose the frequency error requirement for HeNB.

2. Handover
The frequency error of HeNB can 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. As the frequency error of HeNB is not less than that of eNB, 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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Fig. 1: The worst case of handover.
For macro cells, eNB can support the handover at the speed of 350km/h. For HeNB, 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 LTE, the frequency error of HeNB should be relaxed because of the limited maximum speed. The computation is the same as the analysis in [1] by CATT. If the standard carrier frequency is 2.6GHz, the carrier frequency of HeNB should be accurate within ±0.34ppm.

3. Performance
The capacity improvement in the indoor scenario is the most important application of HeNB. Therefore, the high order modulation such as 64QAM and high code rate such as 5/6 must be supported by HeNB. However, for OFDM, the performance is sensitive to the frequency error especially for the high order modulation. Figure 2 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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Fig. 2: the relationship between the SNR degradation and frequency error

In fact, the performance degradation is related to the sum of the Doppler shift and the relative error between HeNB and UE. In order to obtain a good link performance, frequency error estimation and compensation are usually implemented in UE. 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]. Therefore, in LTE systems, the residual frequency error can not be larger than 150Hz.
As the UE is able to compensate several hundreds Hz, and even several KHz based on commonly used frequency estimation algorithms, the performance degradation can be ignored if the frequency error of HeNB is relaxed to 0.34ppm (884Hz).
4. 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 if the network listening scheme is applied [5]. As the HeNB can not capture the GPS timing signal, the network listening scheme is a feasible synchronization solution for HeNB. For the scheme, 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.1. Note that the frequency error in Table.1 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.1: The maximum synchronization periods with the different frequency error.

	Frequency error
	Maximum synchronization period

	0.2ppm
	7.5s

	0.3ppm
	5s

	0.4ppm
	3.75s

	0.5ppm
	3s
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Fig. 3: The network listening scheme.
According to the above analysis, if the frequency error of HeNB is from 0.2ppm to 0.3ppm, the synchronization period by the network listening scheme is long enough, and thus the overhead caused by the listening is limited.
5. Conclusion
The frequency error is relative to handover measurement, link performance and timing clock. According to the analysis, it is acceptable to relax the frequency error to 0.2~0.3ppm. As the 0.25ppm has been adopted for HNB, we propose the frequency error of HeNB is also 0.25ppm in order to facilitate the development.
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Text proposal
6.2.3
Frequency error
Frequency error is the measure of 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, for OFDM, the performance is sensitive to the frequency error especially for the high order modulation. 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, frequency error estimation and compensation are necessary in UE to ensure the link performance. 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]. Therefore, in LTE systems, the residual frequency error cannot be larger than 150Hz.

As the UE is able to compensate several hundreds of Hz, and even several KHz based on commonly used frequency estimation algorithms, the performance degradation could be ignored if the frequency error of HeNB is relaxed to 0.34ppm (884Hz).

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 BS shall be accurate to within ±0.25 ppm observed over a period of one subframe (1ms).
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