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Introduction
In the previous RAN WG4 meeting 98-e, a discussion of HST FR2 deployments has continued, and two priority scenarios were agreed in the WF [1]:
· Scenario-A: Ds = 700 m, Dmin = 10m
· Scenario-B: Ds = 700m, Dmin = 150m
Additionally, for both scenarios, uni-directional and bi-directional settings and multi-RRH transmission schemes (JT/Full-SFN and DPS) are under discussion.
To continue quantitative evaluation of the scenarios, it is necessary to agree on which propagation models can be used. In particular, it is required for maximum speed evaluation from demodulation and RRM perspectives. The latter issue is analyzed in more detail in our accompanying contributions [2] and [3].
In the WF [1], the following FFSs are listed:
	Channel modelling
· Pathloss model used for link budget evaluation: 
· RAN4 choose TS38.901 RMa LoS pathloss model to be used for link budget evaluation at least for Scenario-A: 
· FFS pathloss model for tunnel deployment scenario. 
· FFS channel model for Scenario-B.
· [bookmark: _Hlk68089736]Channel modelling for performance requirements: 
· For channel modelling for performance requirement evaluation: 
· The single-tap can be assumed for a single TX-RX link at least for Scenario-A.
· FFS multi-tap models are needed for SFN and other scenarios. 
· FFS channel model for Scenario-B.



Therefore, in this paper, we are presenting our proposals about the channel models that can be used for the further evaluation of HST FR2 deployments and formulation of performance requirements.


Scenario-B channel model for link budget evaluation
It was already agreed at the previous meetings that TS 38.901 RMa LoS pathloss model shall be used as a reference for link-budget evaluations and in system-level simulation. The main reason why we had to return to this question again was the agreement to consider the Scenario-B with the considerably larger distance from the RRH site to the track. Therefore, a concern can be raised whether LoS can be always assumed for this scenario or not. However, it is necessary to bear in mind that we are evaluating the scenarios when the train is moving at high speed:
· Train is allowed to move at such speed only outside the cities, i.e. in rural areas, where there are not that many obstacles next to the railway track;
· Tunnels would be a high speed scenario with obstacles next to the track, but scenario B's geometry precludes this scenario.
· Whenever needed, the RRH panel can be installed high enough to provide LoS;
· Safety areas should be present around the railway track.
LoS conditions can be assumed in the areas where the train is allowed to move at the maximum speeds that are evaluated in the WI.
RAN4 to choose TS38.901 RMa LoS pathloss model also for the evaluation of Scenario-B.


Channel modeling for performance requirements
The absolute value of maximum Doppler shift depends on the UE speed and for 30 GHz carrier frequency equals
· 7227 Hz for 260 kmph,
· 9729 Hz for 350 kmph.

The values above describe the maximum observed Doppler frequency shift in DL direction. It is generally accepted that the value of maximum Doppler frequency in UL is two times higher than in DL. This is because, for the UL transmission, the UE synchronizes with the DL reference symbols that are already shifted in frequency due to the Doppler effect. Then, when UE does UL transmission, the signal experiences an additional frequency shift.

UL direction
In UL direction, the transmission from the CPE to the RRH happens so that there is only one transmitting point and one receiving. Considering that only LoS propagation conditions are relevant both in Scenario-A and Scenario-B, there is one dominating propagation path between the CPE and RRH.
Only single TX-RX link is used for UL transmission from CPE. This link is LoS and, hence, has only one strongly dominating path.
RAN4 to consider only single-tap propagation model for BS performance requirements, both in Scenario-A and Scenario-B.

Based on TS 38.104 (CR R4-2008823), Section G.3 and TS 38.101-4 (CR R4-2017539), Section 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:
,
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
, ,
, ,
, ,
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 priority scenarios from WF [1] are listed in the Table 2, and the resulting Doppler shift trajectories are shown in Figure 1.

[bookmark: _Ref64625557]Table 2: Parameters for high-speed train conditions, UL direction.
	Parameter
	Value

	
	Scenario-A-260
	Scenario-A-350
	Scenario-B-260
	Scenario-B-350

	
	700 m
	700 m
	700 m
	700 m

	
	10 m
	10 m
	150 m
	150 m

	
	260 km/h
	350 km/h
	260 km/h
	350 km/h

	
	14454 Hz
	19458 Hz
	14454 Hz
	19458 Hz



[image: ]
[bookmark: _Ref64627709]Figure 1: Doppler shift trajectories in UL, bi-directional setting.

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.
Hence, more realistic bi-directional single-tap high-speed train channel conditions can be described with the model, where the cosine of angle θ(t) is given by
, ,
, .
The resulting Doppler shift trajectories are shown in Figure 2 assuming that the initial distance of the train from RRH is .
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[bookmark: _Ref66791303]Figure 2: Doppler shift trajectories in UL with Doppler shift sign alternation, bi-directional setting.

RAN4 to modify the single-tap propagation channel model for HST FR2 in UL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another.

 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:
, 
, 
, ,
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.
RAN4 to use single-tap propagation channel, as described above, in HST FR2 uni-directional setting for UL.
The required input parameters can be reused from the Table 2 and the resulting Doppler shift trajectories are shown in Figure 3.

[image: ]
[bookmark: _Ref64716688]Figure 3: Doppler shift trajectories in UL, uni-directional setting.


DL direction
Based on the WF for the RAN4#98-e meeting the following multi-RRH transmission schemes shall be discussed in FR2 HST:
· Joint Transmission (JT) schemes, or more specifically, Full SFN scheme, where all channels (SSB, TRS, PDCCH/PDSCH) are transmitted the same for all RRH of the cell.
· DPS scheme, where only one RRH of a cell is transmitting DL signal at a time.
Additionally, for HST FR1 UE performance requirements evaluation, the following propagations conditions were introduced [CR R4-2017539]:
· Single-tap channel profile
· HST-SFN channel profile (Figure 4)
· DPS channel profile (Figure 5)



[image: ] [image: ][image: ]
Figure 4: HST FR1 HST-SFN deployment (above) and three types of trajectories per each RRH (below): Power levels, Doppler shifts, Absolute delay. 

[image: ]
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Figure 5: HST FR1 DPS deployment and Doppler shift trajectories for each RRH.

As it can be noticed, FR1 models assumed omni-directional coverage on the RRH side and omni-directional reception on the UE side. This assumption is not valid any more in FR2. Therefore, as it is shown in Figure 6, the same SFN model cannot be used any more for JT scheme in FR2. However, DPS channel profile in FR1 is nothing else than the single-tap model with Doppler sign alternation at RRH site change that we already discussed in the UL section above.


Figure 6: RRH signals received by a CPE in HST FR2 JT scheme: uni-directional setting (top), bi-directional setting (bottom).

A single-tap, SFN, and DPS propagation models were introduced in HST FR1 for DL.
FR1 SFN channel profile cannot be re-used directly in FR2 because omni-directional transmission and reception cannot be assumed.
In general, a larger variety of channel profiles can be considered in HST FR2: uni-directional JT, bi-directional JT, uni-directional DPS, uni-directional DPS.
RAN4 to decide which of the channel profiles (uni-directional JT, bi-directional JT, uni-directional DPS, uni-directional DPS) shall be considered for the CPE performance requirements.
Consider only two simultaneously received taps (i.e., only signals from two transmitting RRHs) in JT channel profile.

Single-tab propagation channel
High-speed train propagation conditions for DL direction can be formulated the same way as in the UL direction. The main difference will be in the value of maximum Doppler shift  (Table 4).

[bookmark: _Ref64715393]Table 4: Parameters for high-speed train conditions, DL direction.
	Parameter
	Value

	
	Scenario-A-260
	Scenario-A-350
	Scenario-B-260
	Scenario-B-350

	
	700 m
	700 m
	700 m
	700 m

	
	10 m
	10 m
	150 m
	150 m

	
	260 km/h
	350 km/h
	260 km/h
	350 km/h

	
	7227 Hz
	9729 Hz
	7227 Hz
	9729 Hz



Following the equations presented in the UL section, the resulting Doppler shift trajectories are shown in old bi-directional (Figure 7), bi-directional with Doppler sign alternation (Figure 8), and uni-directional (Figure 9) settings, respectively.

[image: ]
[bookmark: _Ref66796309]Figure 7: Doppler shift trajectories in DL, bi-directional setting.
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[bookmark: _Ref66796388]Figure 8: Doppler shift trajectories in DL with Doppler sign alternation, bi-directional setting.
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[bookmark: _Ref66796313]Figure 9: Doppler shift trajectories in DL, uni-directional setting.

DPS model in FR2 is nothing else than a single-tap channel profile with Doppler sign alternation at RRH site change.
RAN4 to modify the single-tap propagation channel model for HST FR2 in DL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another. Use this model in bi-directional DPS setting.

Similarly to UL, we can adapt the single-tap high-speed train channel conditions for uni-directional setting. The cosine of angle  is given by:
, 
, 
, ,
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.
RAN4 to use single-tap propagation channel, as described above, in HST FR2 uni-directional setting for DL.


Conclusion
In this paper, we are presenting our view on the channel models needed for the further evaluation of HST FR2 deployments and formulation of performance requirements. On the performance side, we overview channel models used in HST FR1 and prose single-tap propagation conditions for HST FR2 UL and DL.
We made the following observations and proposals:

On the Sceanio-B channel mode for link budget evaluation:
1. LoS conditions can be assumed in the areas where the train is allowed to move at the maximum speeds that are evaluated in the WI.
1. RAN4 to choose TS38.901 RMa LoS pathloss model also for the evaluation of Scenario-B.

On channel models for performance requirements in UL:
Only single TX-RX link is used for UL transmission from CPE. This link is LoS and, hence, has only one strongly dominating path.
RAN4 to consider only single-tap propagation model for BS performance requirements, both in Scenario-A and Scenario-B.
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.
RAN4 to modify the single-tap propagation channel model for HST FR2 in UL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another.
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.
RAN4 to use single-tap propagation channel, as described above, in HST FR2 uni-directional setting for UL.

On channel models for performance requirements in DL:
A single-tap, SFN, and DPS propagation models were introduced in HST FR1 for DL.
FR1 SFN channel profile cannot be re-used directly in FR2 because omni-directional transmission and reception cannot be assumed.
In general, a larger variety of channel profiles can be considered in HST FR2: uni-directional JT, bi-directional JT, uni-directional DPS, uni-directional DPS.
RAN4 to decide which of the channel profiles (uni-directional JT, bi-directional JT, uni-directional DPS, uni-directional DPS) shall be considered for the CPE performance requirements.
Consider only two simultaneously received taps (i.e., only signals from two transmitting RRHs) in JT channel profile.
DPS model in FR2 is nothing else than a single-tap channel profile with Doppler sign alternation at RRH site change.
RAN4 to modify the single-tap propagation channel model for HST FR2 in DL to take into account the Doppler shift sign alternation in bi-directional setting when CPE is handing over from one RRH site to another. Use this model in bi-directional DPS setting.
RAN4 to use single-tap propagation channel, as described above, in HST FR2 uni-directional setting for DL.
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