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1. Introduction

In the last RAN1 Seoul meeting, the frequency offset (FO) of RACH preamble was issued by [1,2]. When FO is very large, the RACH detection performance would be poor. The extreme case of FO occurs when the UE has LOS to Node-B and is moving very fast. In this case, the FO will be so large to exceed the preamble frequency resolution. In this contribution, we consider the effects of frequency offset on the detection performance. 

2. Modeling of Frequency Offset
Frequency offset comes from mainly the Node-B oscillator offset, the UE oscillator offset, and the Doppler frequency spread. Total frequency offset experienced by UE is given by
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where 
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 is the total FO at UE, 
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is the UE drift, and 
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 is the maximum Doppler frequency. If UE performs the FO compensation when the downlink signal is demodulated, the UE knows only 
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. For the RACH preamble transmission, UE can choose to compensate the frequency of RACH preamble with 
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 or not. If UE does not compensate the RACH preamble with 
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, the FO at Node-B will be simply 
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. In the other hand, for the frequency compensated RACH preamble, the offset will be given by
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If UE speed is low, then the frequency offset compensation at UE is valuable for reducing the FO at Node-B.
2.1. Preamble Frequency Offset Modeling

Based on the above discussion, we consider the following two cases.

For frequency non-compensated RACH preamble, the FO at Node-B will be bounded by
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And for the frequency compensated RACH preamble, the FO at Node-B will be bounded by
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To evaluate the FO, we assume the W-CDMA requirements of Node-B and UE’s oscillator, 0.05ppm for Node-B, 0.1ppm for UE [1].
Table 1. Maximum RACH frequency offset without frequency compensation at UE
	UE Speed (Km/h)
	3.0 
	30.0 
	120.0 
	176.0 
	350.0 
	500.0 

	Max OSC Error (Hz)
	300.0 
	300.0 
	300.0 
	300.0 
	300.0 
	300.0 

	Max UE Doppler (Hz)
	5.6 
	55.6 
	222.2 
	325.9 
	648.1 
	925.9 

	MAX RACH FO (Hz)
	305.6 
	355.6 
	522.2 
	625.9 
	948.1 
	1225.9 


Table 2. Maximum RACH frequency offset with frequency compensation at UE
	UE Speed (Km/h)
	3.0 
	30.0 
	120.0 
	169.0 
	350.0 
	500.0 

	Max UE Doppler (Hz)
	5.6 
	55.6 
	222.2 
	313.0 
	648.1 
	925.9 

	MAX RACH FO (Hz)
	11.1 
	111.1 
	444.4 
	625.9 
	1296.3 
	1851.9 


2.2. Effects of Frequency Offset on Receiver

Let received signal be 
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 is given by
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where the sampling rate is 
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 , sequence length is 
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 is RACH preamble length. Performing DFT of size 
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, we obtain the frequency domain representation of received signal as following
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where 
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is the frequency response of 
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 and * denotes convolution operator. 
2.2.1. Time-domain Receiver

If we apply IDFT despreading to 
[image: image25.wmf])

(

k

R

s

, time domain signal 
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is obtained as
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where 
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 is the transmitted RACH sequence and 
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is the RACH bandwidth. Time domain detection with CAZAC sequence will gives the cross-correlation values as
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where 
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 is the qth circular shift of the pth root sequence. We can see that the correlation value 
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 and the cross-correlation of the received signal with correct preamble sequence will be degraded due to frequency offset. If timing error by 
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samples are allowed to 
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, then above correlation can be written as
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Since the time-domain detector performs the correlation evaluation at each time step, the cross-correlation will have a limited degradation if the maximum Doppler frequency does not exceed the circular shift limit. Note that this situation will not happen for normal operation range. (Example: For CAZAC of index 1, timing miss by a sample is equivalent to 
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=1250 Hz frequency offset.) In addition, the correlation peak occurs only one time regardless of timing error and CAZAC index for the time-domain detector as shown in Eq (8) and (9). But, because of FO, the time domain detector will consider additional margin according to the expected FO, which results in timing error. Particulary if the following condition is met, the timing error can be indistinguishable with FO:
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For some p’s, where Eq. (10) is met, the timing error can be large. It also means that false alarm can occur for some CAZAC indices. Actually, for large ps and large FO, the false alarm rate increases too much and does not guarantee correct detection any more.
2.2.2. Frequency-domain Receiver

If the detector operates in frequency domain, the candidate CAZAC will be conjugate multiplied with 
[image: image39.wmf])

(

k

R

s

. Then, the resultant signal is transformed into time domain and segmented into circular shift units. However, because of frequency offset, there will be some degradation on the detection. Let the sinc function be S(f). Then the multiplication of 
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 and correct CAZAC sequence 
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Transforming 
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 into time domain, we can obtain the cross-correlation response for all the circular shift cases. The time domain response is simply given by
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Since 
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 is smaller than 1, the effect of frequency offset is the spread of response around the impulse response position. Again the time domain response is sufficiently agglomerated for small indices and the detection offset due to the frequency offset is small for the practical operating range. (For one sample shift in frequency domain and one sample(maximum) in time domain, the frequency offset shall be 1250 Hz.) However, as the CAZAC index increases, the time domain response becomes sparse and undetectable for large CAZAC indices.
As shown in Table 1 and 2, the frequency offset is just within the two time sample range, i.e. less than 2500 Hz. Therefore, if we increase a few units to the circular shift, then the ambiguity of frequency offset can be eliminated for time-domain detector. However, the detection performance would be decreased due to the non-ideal correlation value.

3. SINR Degradation due to Frequency Offset
Figure 1 shows the SINR degradation with time-domain detection. The SINR degradation is defined to be the ratio of maximum peaks among different FOs (maximum SINR degradation for a detector), i.e., multiple small peaks are neglected which can be used also for preamble detection. We note that the SINR degradation is somewhat large for the particular frequency offset, such as 625Hz and 1875Hz, where the SINR degradation goes up to 3.9dB. If we reduce the RACH length to half of current working assumption, then the same valley will occurs at 1250Hz (assuming 0.4ms RACH preamble length).  With 1.0ms RACH length, the valley can be experienced by UE of 176km/h without preamble frequency compensation, and 169km/h with frequency compensated preamble. As shown in Table 1, if UE does not compensate the frequency offset at the preamble transmission, then the Node-B will see less degradation with 0.5ms RACH length up to 500km/h UE speed. If UE does the frequency compensation, the valley will be located at the 350km/h with 0.5ms RACH length as shown in Table 2. We also should note that the frequency offset affects on the correlation peak position. For example, with 1.0ms RACH, correlation peak does not change up to 625Hz FO, one sample offset over 625~1875Hz, and so on.
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Figure 1. SINR degradation of maximum correlation peak with 1.0ms RACH length, CAZAC length=863, Preamble Length = 0.8ms, Maximum degradation at 625Hz and 1875Hz by -3.9dB
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Figure 2. SINR degradation of maximum correlation peak with different RACH length.

CAZAC length = 863 for 0.8ms preamble length and 431 for 0.4ms. 

On the other hand, the frequency-domain detector (CAZAC sequence is loaded in the frequency domain) will have serious problem if FO exists and CAZAC index is large. Due to FO, the inter-carrier interference (ICI) becomes large as shown in Eq. (12), which results in large variation of correlation peak position. Therefore, the FO affects on the frequency domain detector with CAZAC sequence is implemented on the frequency domain.
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Figure 3. Correlation peaks of a frequency domain detector without noise.

CAZAC index = 400 (left) and CAZAC index = 800 (right)

4. Detection Performance with Frequency Offset

Figure 4 shows the detection performance of time-domain detector. As expected, the miss detection probability is degraded by small amount. Note that since side multiple peaks are also used for detection, the degradation is not so large as shown in Figure 1 and 2, where only the maximum peaks are compared. From this figure, we can conclude that the detection performance degradation due to FO for time-domain detector is small enough. However, we should note that the false alarm rate is not guaranteed. The same argument can be applied to frequency-domain detector.
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Figure 4. Preamble miss detection probability of time-domain detector; 
detection threshold =  T(FA=0.01) (left) and detection threshold =T(FA=0.05) (right)
Figure 5 shows the detection probability and false alarm rate for frequency domain detector with residual frequency offset 0Hz. As it can be predicted with Eq. (12), detection performance of low CAZAC index is not degraded for hight speed UEs, while for the high CAZAC indices, the detection performance degrades significantly. Most of all, the false alarm rate is severe according to the UE speed, which can be problematic. Figure 6 shows the same performances of frequency domain detector with residual FO of 300Hz.
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Figure 5. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=0Hz, Ep/No = 18dB and TU-channel
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Figure 5. Detection probability (left) and false alarm rate (right) of frequency-domain detector 

with residual FO=300Hz, Ep/No = 18dB and TU-channel
5. Summary
According to the SINR degradation and detection performance, we can summarize the frequency offset problem as following: 

1) If time domain detector is used for RACH preamble detection, the performance degradation can be non-negligible but acceptable. Instead, the timing error will be serious and false alarm rate can be large for some CAZAC indices.
2) If frequency-domain detector is used for RACH preamble detection, the detector should be implemented based on the CAZAC index or detection performance cannot be acceptable. It increases the complexity of detector and false alarm rate.

3) With 0.8ms RACH preamble length, the most degradation occurs at FO=625Hz. With 0.4ms RACH preamble length, it moves to 1250Hz.

4) To support frequency offset compensation of RACH preamble at Node-B, RACH preamble repetition is a good candidate. However, the offset compensation is too complex for multiple access case. Therefore, we have to detect the RACH preamble without frequency offset compensation.
6. Conclusion

In this contribution, the effect of frequency offset is analysed and simulated. As described in the analysis and simulation, if we use a time-domain detector, the frequency offset problem is not critical for 1ms design with CAZAC sequences under the large timing error and false alarm rate. Since both time-domain and frequency-domain detectors show high false alarm rate and the detection performance of frequency-domain detector shows poor performance, we shall consider methods to mitigate this degradation.
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