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1	Introduction
RAN4#98 agreed with the way forward on HST deployment scenario in FR2 [1]. This contribution proposes the HST single tap model assuming the unidirectional deployment. 
For the high speed train scenario, RAN4 has defined the UE and BS demodulation requirements using the HST single tap model, where Doppler shift  (Hz) is given by (e.g., TS38.101-4 B.3.1):


Where  (Hz) is the maximum Doppler frequency,  (m) is the distance between RRHs,  (m) is the distance between RRH and railway track,  (m/h) is the velocity of the train, and  (s) is the time from the start of the test. Since this model is based on the bidirectional deployment, the Doppler shift  changes between  to  rapidly when UE is close to one of RRHs. 
On the other hand, as we proposed in [2], it is observed the unidirectional deployment is beneficial for HST FR2 environment. Also, as we discussed in [3], we should assume the single tap scenario instead of HST joint transmission in FR2 in order to avoid the case the maximum signal reception timing difference exceeding the cyclic prefix. If we consider the joint transmission, UE should be capable of multiple FFT receiver instead of single FFT receiver. We therefore propose the HST single tap model assuming the unidirectional deployment. 
2	Unidirectional HST single tap model
2.1	Modeling
Figure 1 illustrates the assumption of the downlink HST single tap model with the unidirectional deployment scenario, where we assume UE receives the signal from RRH0. Unlike the bidirectional deployment, UE receives the signal from RRH0 at the location from  to , where , which means the UE Rx antenna beam is directed backward of the train. For the bidirectional HST single tap, on the other hand, it is assumed UE receives the signal from RRH0 at the location from  to . After UE passes the location , it is assumed gNB switches the transmission point from RRH0 to RRH1. This means UE receives signal from RRH1 between  to .   


[bookmark: _Ref66800536]Figure 1	Assumption of HST single tap model with unidirectional deployment.
By using the same parameters for the HST single tap model, the frequency offset  (Hz) for the unidirectional HST single tap model is specified as follows:


In this model, we assume the UE is located at  at . 
2.2	Example of Doppler shift trajectory
In this section, we show examples how the Doppler shift trajectory looks for the unidirectional HST single tap. Figure 2 compares the Doppler shift trajectory between the bidirectional HST single tap and unidirectional HST single tap. For the unidirectional HST single tap, we set =1.0. From the figure it is clear the unidirectional HST single tape does not change the Doppler shift compared with bidirectional HST single tap model.
[image: ]
[bookmark: _Ref68003196]Figure 2	Comparison of Doppler shift trajectory between bidirectional HST single tap and unidirectional single tap (fmax=1000Hz, UE velocity of 350km/h). 

Figure 3 shows the Doppler shift trajectory with  = [0.5, 1.0, 2.0] for UE velocity of 260km/h with carrier frequency of 30GHz. In this case the maximum Doppler shift is about 7222Hz. Figure 3 (a) shows the case with Scenario A (Dmin=10m) and Figure 3 (b) shows the case with Scenario B (Dmin=150m). Figure 4 shows the Doppler shift trajectory with 350km/h with  = [0.5, 1.0, 2.0], and we can see the same observation as the velocity of 260km/h. 
[image: ] [image: ]
	(a) Scenario A
	(b) Scenario B


[bookmark: _Ref66805516]Figure 3	Doppler shift trajectory for UE velocity of 260km/h @ 30GHz.

[image: ] [image: ]
	(a) Scenario A
	(b) Scenario B


[bookmark: _Ref66805963]Figure 4	Doppler shift trajectory for UE velocity of 350km/h @ 30GHz.
Table 1	Deployment scenario parameters for HST FR2. 
	Scenario
	Ds (meter)
	Dmin (meter)

	A
	700
	10

	B
	700
	150



3	Summary
Proposal 1: RAN4 specify the unidirectional HST single tap channel model for UE/BS demodulation requirements for HST FR2 as follows:
 

Where  (Hz) is the maximum Doppler frequency,  (m) is the distance between RRHs,  (m) is the distance between RRH and railway track,  (m/h) is the velocity of the train, and . 
Proposal 2: If RAN4 use the unidirectional HST single tap model, RAN4 should discuss further the parameters, i.e., , , , , and , according to the conclusion of the deployment scenario discussion. 
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