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1   Background
During RAN4#90bis meeting, BS demod simulation assumptions are discussed and a WF was agreed [1]. In this contribution, we present our analysis on Doppler shift observed by base station under HST-SFN bi-directional channel model.
2   Discussion
Consider UE travels from left most RRH to the right most RRH, and we analyze the frequency offset observed in the middle (red) RRH in Figure 2‑1. Before UE reaches m1 (passing middle RRH), the middle RRH observes signal from the UE with frequency offset
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after UE passing middle RRH, observed frequency offset becomes
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where fmax is the maximum Doppler shift (derived from center frequency and train speed), [image: image4.png]


 is frequency offset of the signal received by UE.
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Figure 2‑1 HST model for received signal frequency offset of middle RRH analysis
We first assume that UE always track the frequency of the strongest path with perfect precision. Based on this ideal assumption, we can derive the base station observed frequency offset in different segments in the following:
Before UE passes m0
[image: image6.png]Afo. = —f, cosBy + f,_ _ cosBy




UE location is between m0 and m1
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UE location is between m1 and m2
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After UE passes m2
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We plot the frequency offset observed by middle RRH in Figure 2‑2. We use Dmin = 50m, Ds = 1000m, and maximum Doppler shift = 972Hz for plotting this figure. We can observe that when UE passes the midpoint between two RRHs, base station sees a frequency jump of two times of maximum Doppler shift, and this is the steepest jump in the entire trajectory. Therefore, we’re going to focus on this region in the following discussion. 
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Bi-directional Channel Model Doppler Shift (ideal receiver)


Figure 2‑2 Frequency offset in the received signal observed by middle RRH
In practical UE implementation, it is impossible to track only the dominant path while the other path is with similar signal strength. Moreover, filters are likely to be applied on FTL output to stabilize UE frequency adjustment. Therefore, we don’t see the sudden jump of two times of maximum Doppler shift observed by base station in practice. We show the frequency offset in the red box region in Figure 2‑2 calculated by the following equation,
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where [image: image12.png]


 is derived from simulations (x axis is the simulation time mapping to the location in red box region). Maximum Doppler shift is 972Hz, same as Figure 2‑2.
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Figure 2‑3 Base station received signal frequency offset based on UE simulations
We can observe that even for the steepest jump in the frequency offset, it still takes about 100ms for a frequency change of 1000Hz. Since the worst case DMRS separation in time domain on UL is 0.5ms, the FTL bandwidth for base station is 1000Hz. As shown in Figure 2‑3, when maximum Doppler shift is 972Hz, base station has up to 100ms to track the frequency of 1000Hz.
Observation 1: Frequency offset change observed by base station is within its theoretical FTL tracking bandwidth for bi-directional channel model with maximum Doppler shift 972Hz.
Proposal 1: Use bi-directional channel model with maximum Doppler shift 972Hz for BS Demod test.
3   Conclusion
Observation 1: Frequency offset change observed by base station is within its FTL tracking bandwidth for bi-directional channel model with maximum Doppler shift 972Hz.

Proposal 1: Use bi-directional channel model with maximum Doppler shift 972Hz for BS Demod test.
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