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Introduction
In the RAN4#100-e meeting the discussion of uni-directional and bi-directional channel models for HST FR2 deployments has continued. Following the WF [1], we would like to highlight the following agreements that were achieved
	Further conclusion on Scenario-A
· No dedicated performance RAN4 requirements will be specified for Bi-directional deployment for Scenario A by assuming the requirements will be specified under uni-directional deployment which pending on further confirmation in RRM session for the feasibility of uni-directional deployment.

Further conclusion on Scenario-B
· Introducing performance requirements for both uni-directional and bi-directional deployment in scenario B which pending on further discussion on following aspect…

General for Channel model for demodulation requirement
· For UL PUSCH demod test cases, no delay modelling needed.
· For UL TA adjustment demod test cases, further discuss delay modelling

Channel model for Uni-directional RRH deployment
· Scenario-A: Ds_offset = 10m
· Scenario-B: Ds_offset =100m



Some of the decisions about the channel models are still pending on the ongoing RRM and deployment discussions. For example, the applicability and testing of uni-directional deployment needs the resolution of the problem with a jump of propagation delay when the DL beams are switched between non-collocated RRHs. Additionally, the final agreement was not achieved about the type of bi-directional model in scenario-B.
In this paper, we continue the discussion of channel models in HST FR2 scenario mainly from BS/UL perspective. We are focusing on the following aspects:
· Channel models in Scenario-A
· Bi-directional channel in Scenario-B
· A set of channel models needed for demodulation performance requirements.

Discussion
On the Uni-directional channel model
Based on the WF [2] from the RAN4#99-e meeting the following channel model was agreed for uni-directional deployments:
	· UE is moving towards serving beam
· The cosine of angle θ(t)  used in Doppler shift  is provided as
    (eq. 1)
,   (eq. 2)
0    (eq. 3)




We consider the RAN4#100-e agreements on Ds_offset, WF [2]:
	Scenario-A: Ds_offset = 10m
Scenario-B: Ds_offset =100m 



In Figure 1, we are showing the Doppler shift trajectories in the scenario when the train is moving towards the serving beam (train movement and RRH panel directions are opposite).




[image: ]
[bookmark: _Ref85443830]Figure 1: Doppler shift trajectories in uni-directional HST FR2 deployment, train in moving towards the RRH beam (opposite direction).

The behaviour of Doppler shift trajectories in uni-directional deployment of HST FR2 scenarios is similar: In Scenario-A, the drops in Doppler offset are sharper; In Scenario-B, they are smoother but deeper. Therefore, no meaningful difference in performance can be expected between Scenario-A and Scenario-B.

As we discuss in more details in our accompanying contribution [3], the deployment Scenario-A where the CPE is moving towards the serving beam is considerable more challenging than the scenario where the train moved to the serving beam. Moreover, it may have mobility problems because the signal from the serving RRH being strong is dropping sharp next to it.
Uni-directional Scenario-A where the train is moving towards the serving beam demonstrates worse system performance and may have mobility problems.
Mobility issues do not impact directly demodulation performance because the channel model does not take signal Rx power into account. However, opposite deployment is agreed not to be practical, it is better to take this into account and update uni-directional channel model.
Below, we describe the channel model where the train is moving from the serving beam (same direction with RRH panel orientation):

    (eq. 1)
,   (eq. 2)
0    (eq. 3)

In Figure 2, we show the Doppler shift trajectories for the model above for two different values of Ds_offset per scenario. In general, the behavior of Doppler shift trajectories does not differ from the other train movement direction, and the demodulation performance is expected to be the same.
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[bookmark: _Ref85444825]Figure 2: Doppler shift trajectories in uni-directional HST FR2 deployment, train in moving from the serving RRH (same direction).

If uni-directional deployment in Scenario-A where the train moves towards serving beam is found to be impractical, change the uni-directional channel mode to match the scenario where the train is moving from the serving beam.

On the bi-directional channel model
The behavior of Doppler offset in bi-directional HST FR2 deployment has the following particularities:
1. Doppler shift sign alternation (i.e., a large jump in frequency offset) happens when the orientations of source and target RRHs are opposite.
2. The frequency of beam changes, i.e., of RRHs changes/HOs, is higher than in uni-directional scenario. This frequency is getting even higher in Scenario-B when multiple RRH beams are in use. As we have observed in our previous paper [4] based on system-level simulation results, the rate of ping-pongs is increased, and HO locations are distributed almost uniformly along the railway track.
Below, for reference, we are coping from [5] all bi-directional model proposed so far by different companies with corresponding Doppler trajectories.

	Option 2(a)  [Scheme 1]
	Option 2(b)   [Scheme 2]
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	Option 2(c)  [Scheme 3]
	Option 2(e)
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More frequent beam/RRH change/HOs are typical for bi-directional deployments.

Even though we think that the model 2(a) is characteristic enough and can be used for pefromance requirements, it does not take into account the particularity (2) mentioned above.
If the time UE stays connected to the RRH, i.e. more frequent RRH changes, is the main concern of the companies which propose alternative models 2(b,c), then it can be resolved with the following more generic model that covers at least models 2a and 2c:




If Option 2(a) cannot be agreed, then RAN4 to consider a new generalized bi-directional channel model with N=2 defined above (Option 2(f)).

The corresponding Doppler shift trajectories for the new generalized model are shown in Figure 3 for N=1 (corresponds for the Option 2(a)) and for N=2.
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[bookmark: _Ref85446637]Figure 3: Doppler shift trajectories in bi-directional Scenario-B for N=1 (left, Option 2(a)) and for N=2 (right).

A set of channel models for performance requirements
The behavior of Doppler offset in uni-directional and bi-directional deployments is rather different. Therefore, in our opinion, there is no need and hard to introduce a unified model that could cover both deployments.
In general, bi-directional channel model in Scenario-B looks to be the most challenging due to largest jumps in the Doppler offset. Therefore, it could be sufficient to introduce requirements based on this model only. However, if a manufacturer is not planning to support this deployment, e.g., only uni-directional Scenario-A is needed, it does not make sense to enforce testing of bi-directional Scenario-B only.
Then, taking Observation 1 into account and that it was agreed not to introduce bi-directional model for Scenario-A, we think that it could be sufficient to define only uni-directional model for Scenario-A and bi-directional for Scenario-B.
However, if other companies still want a possibility to distinguish uni-directional Scenario-A and Scenario-B, we are OK to define both models. Then, selection of the tests shall be left up to manufacturer declaration:
· It is sufficient to test only bi-directional model with Scenario-B parameters
· If bi-directional model with Scenario-B parameters is not tested, then it is sufficient to test uni-directional model either with Scenario-A or Scenario-B parameters.

RAN4 to consider the following options when introducing propagation channel models for HST FR2 deployment:
a. Option 1: Define only bi-directional model with Scenario-B parameters as a worst-case scenario.
b. Option 2: Define three models: uni-directional with Scenario-A and Scenario-B parameters, and bi-directional with Scenario-B parameters.

Conclusion
In this paper, we further discuss the channel model that are needed for demodulation performance requirements testing in HST FR2 deployment.
The following observations and proposals were made:
1. The behaviour of Doppler shift trajectories in uni-directional deployment of HST FR2 scenarios is similar: In Scenario-A, the drops in Doppler offset are sharper; In Scenario-B, they are smoother but deeper. Therefore, no meaningful difference in performance can be expected between Scenario-A and Scenario-B.

1. Uni-directional Scenario-A where the train is moving towards the serving beam demonstrates worse system performance and may have mobility problems.

1. If uni-directional deployment in Scenario-A where the train moves towards serving beam is found to be impractical, change the uni-directional channel mode to match the scenario where the train is moving from the serving beam.

More frequent beam/RRH change/HOs are typical for bi-directional deployments.





If Option 2(a) cannot be agreed, then RAN4 to consider a new generalized bi-directional channel model with N=2 defined above (Option 2(f)).

RAN4 to consider the following options when introducing propagation channel models for HST FR2 deployment:
a. Option 1: Define only bi-directional model with Scenario-B parameters as a worst-case scenario.
b. Option 2: Define three models: uni-directional with Scenario-A and Scenario-B parameters, and bi-directional with Scenario-B parameters.
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