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Introduction
After the previous RAN4 meeting 98bis-e with the WF [1] no open issues left about the channel models for system-level/link budgete analysis.
Therefore, in this paper, we are focusing on the discussion of channel models for demodulation performance requirements in the UL direction, i.e., for PUSCH. In particular, we are addressing an FFS possibility to introduce Ds_offset in the channel models.


Discussion
Summary of single-tap HST channel models
In our previous contribution [2] for the meeting RAN4#98bis-e we have discussed three channel models for UL direction in HST FR2 deployment scenarios:
1) Single-tap models with continuous Doppler trajectory. This is the model used for high-speed conditions in HST FR1 (equations (2)-(4), Figure 1).
2) Single-tap model with Doppler trajectory with sign alternation at RRH change. This is the model that more corresponds to the bi-directional HST FR2 deployment (equations (5), (6), Figure 2).
3) Single-tap model for uni-directional deployment (equations (7)-(8), Figure 3).
The models listed above are described below.

Based on TS 38.104 (Sections G.3 and B.3.1), the high-speed train conditions for the test of baseband performance is a non-fading prorogation channel with one tap (Single-tap channel model). Doppler shift profile (or trajectory) is given by:
,	(1)
where  is the Doppler shift and  is the maximum Doppler frequency. The cosine of angle  between the direction from the RRH to the train and the railway track is given
, ,	(2)
, ,	(3)
, ,	(4)
where  is the initial distance of the train from RRH, and  is RRH - Railway track distance, both in meters;  is the velocity of the train in m/s,  is time in seconds.
The required input parameters based on the FR2 HST priority scenarios are listed in Table 1, and the resulting Doppler shift trajectories are shown in Figure 1.

Table 1: Parameters for high-speed train conditions, UL direction.
	Parameter
	Value

	
	Scenario-A
	Scenario-B

	
	700 m
	700 m

	
	10 m
	150 m

	
	350 km/h
	350 km/h

	
	19458 Hz
	19458 Hz



[image: ]
Figure 1: Doppler trajectories for single-tap channel model with continuous Dopple spectrum. FR1 HST conditions from TS 38.104.

Doppler shift trajectories proposed for Single-tap high-speed train channel conditions in FR1 describe bi-directional setting. Historically, the model maintains the continuity of the frequency offset and avoids the alternation of Doppler shift sign when handing over from one RRH to another. However, we see it more realistic to have the alternation of the Doppler shift sing at RRH site change. This also makes sense for comparability between uni-direction and bi-directional channel models. Corresponding propagation conditions can be described with the model, where the cosine of angle θ(t) is given by
, ,	(5)
, .	(6)
The resulting Doppler shift trajectories are shown in Figure 2 assuming that the initial distance of the train from RRH is .
[image: ]
Figure 2: Bi-directional Doppler shift trajectories with Doppler sign alternation at RRH change.

In uni-directional HST FR2 setting, the signal is always coming to the CPE from one direction. Doppler shift does not change the sign when CPE switches from one RRH to another. Hence, a different single-tap prorogation conditions should be considered in uni-directional setting.
Below, we adapt the single-tap high-speed train channel conditions for uni-directional setting. The cosine of angle  is given by:
, 	(7)
, 	(8)
, ,	(9)
where the initial distance of the train from RRH site over the railways track is  , and  is the distance between RRH sites,  is RRH site - railway track distance, both in meters;  is the velocity of the train in m/s,  is time in seconds.
The required input parameters can be reused from the Table 2 and the resulting Doppler shift trajectories are shown in Figure 3.
[image: ]
Figure 3: Uni-directional Doppler shift trajectories.
In our previous contribution [3], we presented the PUSCH simulation results in all three propagation conditions described above. From Tabel 2 and 3 we can notices that the difference between SINR corresponding to 30% and 70% of maximum TPut for all of there models is minor.
Table 2: PUSCH demodulation performance in different HST propagation conditions, MCS 16.
	HST FR2 deployment scenario
	Doppler tajectory
	SINR (relative TPut 30%), dB
	SINR (relative TPut 70%), dB

	Scenario-A
	HST FR1 model from 38.104, eq. (2)-(4)
	-0,62
	6,50

	Scenario-B
	HST FR1 model from 38.104, eq. (2)-(4)
	-0,68
	6,27

	Scenario-A
	16
	-0,60
	6,51

	Scenario-B
	16
	-0,67
	6,28

	Scenario-A
	16
	-0,65
	6,50

	Scenario-B
	16
	-0,67
	6,34



Table 3: PUSCH demodulation performance in different HST propagation conditions, MCS 19.
	HST FR2 deployment scenario
	Doppler tajectory
	SINR (relative TPut 30%), dB
	SINR (relative TPut 70%), dB

	Scenario-A
	HST FR1 model from 38.104, eq. (2)-(4)
	1,86
	9,04

	Scenario-B
	HST FR1 model from 38.104, eq. (2)-(4)
	1,76
	8,74

	Scenario-A
	19
	1,83
	9,05

	Scenario-B
	19
	1,80
	8,82

	Scenario-A
	19
	1,83
	9,05

	Scenario-B
	19
	1,80
	8,82



The difference in SINR values corresponding to 30% and 70% of PUSCH maximum TPut with the same test configuration in Scenario A and Scenario B, and in uni- and bi-directional propagation conditions is less than 0.3 dB.
Taking into account the minor difference in observed PUSCH performance, the specification complexity and test equipment modification burden associated with the introduction of new channel models it is not obviously justified. There is no need to introduce new HST propagation conditions.
RAN4 to consider having only one single-tap propagation model with continuous Doppler trajectory for HST FR2 performance requirements, i.e., reuse existing FR1 high speed train conditions with updated parameters defined by equations (1) and (2)-(4).
If it is decided that single HST conditions are not sufficient for HST FR2, then consider defining bi-directional channel model described by equations (1) and (7)-(9) and uni-directional channel model defined by equations (1), (5), and (6).


On the introduction of Ds_offset in channel models
In the previous RAN4#98bis-e meeting [2] an alternative Doppler profile for single-tap propagation model in uni-directional deployments was proposed:
	· Channel Model for Uplink Uni-directional RRH deployment:
· Option 2: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment:
Alt-1: UE Moving towards Serving Beam the cosine of angle θ(t)  used in Doppler shift  is provided as below

· Value of Ds_offset is FFS



The introduction of Ds_offset parameter instead of the Ds/2 value that is present in our proposal (7) is motivated by the fact that the actual RRH change happens not exactly beneath the RRH location but later. Hence, the Doppler trajectory in uni-directional scenario can be smoother.
In order to check this assumption, we collected the statistics of HO locations using our HST FR2 system-level simulator. The parameters of the simulations without DRX are described in our accompanying contribution [4]. Note that simulations also include modelling of slow fading.
In Figures 4-7 we are showing the HO locations (colored vertical lines) over the railway track (coordinate x) in uni-directional deployments for Scenarios A and B, and with different number of beams per RRH. The RRH locations are plotted with vertical dashed lines. The train is moving to the right., i.e., in the direction of RRH orientation. As it can be seen, HO positions are very distributed and can happen either very close to RRH or far from it.

[image: ]
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Figure 4: Handover positions (above) and propagation map (below) in HST FR2 scenario A, uni-directional deployment.
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Figure 5: Handover positions (above) and propogatoin map (below) in HST FR2 scenario B, 1 beam per RRH, uni-directional deployment.
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[image: ]
Figure 6: Handover positions (above) and propogatoin map (below) in HST FR2 scenario B, 2 beams per RRH, uni-directional deployment
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Figure 7: Handover positions (above) and propogatoin map (below) in HST FR2 scenario B, 4 beams per RRH, uni-directional deployment

Additionally, in Figure 8 we also demonstrate HO locations in Scenario B bi-directional deployment with two beams per RRH. There, the HOs are even less localized due to the large number of back-and-forth beam handovers, i.e., “ping-pongs”.

[image: ]
[image: ]
Figure 8: Handover positions (above) and propagation map (below) in HST FR2 scenario B, 2 beams per RRH, bi-directional deployment.

HO locations in HST FR2 scenarios are very distributed over the area between the RRH sites. Some HO can happen very close to the RRH location whereas others can take place much further away.
Do not agree on a specific and/or fixed value of Ds_offset.
Do not introduce Ds_offset in the HST FR2 UL channel models for performance requirements.


Conclusion
In this paper, we are presenting our view on the channel models needed for the formulation of HST FR2 performance requirements. We also analyze a possibility to introduce Ds_offset in the propagation models.
We made the following observations and proposals:
1. The difference in SINR values corresponding to 30% and 70% of PUSCH maximum TPut with the same test configuration in Scenario A and Scenario B, and in uni- and bi-directional propagation conditions is less than 0.3 dB.
Taking into account the minor difference in observed PUSCH performance, the specification complexity and test equipment modification burden associated with the introduction of new channel models it is not obviously justified. There is no need to introduce new HST propagation conditions.
1. RAN4 to consider having only one single-tap propagation model with continuous Doppler trajectory for HST FR2 performance requirements, i.e., reuse existing FR1 high speed train conditions with updated parameters defined by equations (1) and (2)-(4).
If it is decided that single HST conditions are not sufficient for HST FR2, then consider defining bi-directional channel model described by equations (1) and (7)-(9) and uni-directional channel model defined by equations (1), (5), and (6).
HO locations in HST FR2 scenarios are very distributed over the area between the RRH sites. Some HO can happen very close to the RRH location whereas others can take place much further away.
Do not agree on a specific and/or fixed value of Ds_offset.
Do not introduce Ds_offset in the HST FR2 UL channel models for performance requirements.
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Handover positions (Scenario-A, 1 beam per RRH, uni-directional)
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