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1 Introduction

GNSS signal strengths received from different satellites may be quite different. Cross correlation between the signals from different satellites may prevent the acquisition of a desired weak signal or lead to false acquisition when there are large differences in the GNSS signal strengths. The objective of a dynamic range requirement is just to ensure that a GNSS receiver performs well when the received signal levels have rather large differences. In order to define the dynamic range requirement properly, it is necessary first to understand the cross-correlation properly of the GNSS signals. 
In this paper, we provide our analysis on the cross-correlation properly of BDS gold codes in order to provide a reference for properly defining the BDS dynamic range requirements.
2 Discussion
2.1 Dynamic range requirements for GPS
In this section, we take a quick look at the cross-correlation of GPS gold code and also the defined dynamic range requirements. GPS L1C/A gold codes have a length of 1023 chips. Thus, the autocorrelation peak of a L1C/A gold code is 1023. The cross-correlation of L1C/A gold codes between two satellites has a maximum absolute value of 65 as shown in Figure 1. The radio of the autocorrelation peak and the cross-correlation peak provides a cross-correlation protection of 20*log10(1023/65) = 24dB. For GPS dynamic range requirements, the difference of the strongest GPS signal and the weakest one is (-129  dBm) – (-147 dBm) = 18dB. Thus, for GPS dynamic range requirements, a margin of 6dB is reserved to cover implementation issue and other factors. 
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Figure 1: Cross-Correlation between two GPS L1 C/A Gold Codes 
2.2 Dynamic range requirements for BDS

For BDS, the ranging codes are balanced Gold codes with length of 2046chips. BDS balanced Gold codes come from balanced Gold codes, generated by means of Modulo-2 addition of G1 and G2 sequences which are respectively derived from two 11-bit linear shift registers [1]. The full length of the balanced Gold codes has a length of 2047chips. BDS balanced Gold codes are obtained after the last one chip is truncated.
For the balanced Gold code with a full length of 2047chips, the autocorrelation peak will be 2047.  The cross-correlation of two balanced Gold codes will have a maximum value of 65, the same as GPS C/A code, as shown in Figure 2. Thus, the full length of balanced Gold code of 2047chips will be able to provide a cross-correlation protection of 20*log10(2047/65) = 30dB, which is 6dB more than GPS C/A Gold code.
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Figure 2: Cross-Correlation between two balanced Gold Codes with length 2047chips (no truncation)

BDS balanced Gold codes, however, have only the length of 2046 chips, since the last one chip is truncated. After the truncation, the autocorrelation peak of a BDS balanced Gold code would be 2046. Also, because of the truncation, the cross-correlation of BDS balanced Gold codes are also changed. 
Figure 3 shows an example of cross-correlation between two truncated BDS balanced Gold codes. As shown in the figure, the cross-correlation of the BDS balanced Gold codes is different with the cross-correlation of the full length balanced Gold codes with 2047chips. The appearance of cross-correlation peaks become irregular, which is no longer limited to 65 and occasionally as be as large as 152. 
Fortunately, cross-correlation values are in most cases less than 100. As shown in the example, only in few occasions (~0.25%) exceeds 130 (indicated by the red lines in the figure). The cross-correlation value of 130 corresponds to the cross-correlation protection of 20*log10(2046/130) = 24dB, which is the GPS C/A code cross-correlation protection level. Therefore, as shown in Figure 4, although the cross-correlation protection of BDS balanced Gold Codes is not as good as that of un-truncated Gold Codes, the cross-correlation protection is still higher 24dB, except a few points (~0.25%). Consider that 90% pass rate is commonly used for RRM performance requirements, it is reasonable to assume BDS balanced Gold Codes has higher than 24dB inherent cross-correlation protection when defining the BDS dynamic range requirements.
.
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Figure 3: Cross-Correlation between two truncated BDS balanced Gold Codes with length 2046chips 
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Figure 4: Inherent Cross-Correlation Protection between two truncated BDS balanced Gold Codes with length 2046chips
3 Summary 

In this paper, we made an analysis on the cross-correlation of BDS balanced Gold Codes to provide a reference for properly defining the BDS dynamic range requirements. In the analysis, we compared the cross-correlation properties of GPS C/A gold codes, full length balanced Gold codes, and BDS truncated balanced Gold codes. Our analysis showed that the cross-correlation protection of BDS balanced Gold Codes even after 1chip truncation is still higher 24dB, except a few points (~0.25%). Consider that 90% pass rate is commonly used for RRM performance requirements, it is reasonable to assume BDS balanced Gold Codes has higher than 24dB inherent cross-correlation protection when defining the BDS dynamic range requirements.
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