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Introduction
In RAN4 #98-bis-e meeting WF on HST FR2 channel modelling was agreed[1]. In this paper we provide our view on channel model definition for DL and UL demodulation requirements. Different deployment configurations and scenarios are addressed. 
[bookmark: _Hlk61630765]Discussion
Channel models for DL
Unidirectional deployment
The following channel models were proposed for further discussion:
	· [bookmark: _Hlk71207272]Option 1: Use single-tap propagation channel for DL uni-directional RRH deployment, as described below:
· , 
· , 
· , ,
· 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  is FFS
· Option 3: HST-DPS Channel for FR2 HST Uni-Directional RRH Deployment: UE Moving away from Serving RRH, the cosine of angle θ(t)  used in Doppler shift  is provided as below, value of  is FFS
· 


Current Option 3 model was not properly captured. First of all, it requires changes of applicable time range: the upper limit should be Ds/v. In addition, periodicity of Doppler frequency trajectory should be added as in other two models. Summarizing these aspects, Option 3 should be:

	Option 3:
· 
· 
· 
· Value of  is FFS



Observation #1: Option 3 should be updated to properly capture UE movement and Doppler frequency trajectory.
Option 2 and Option 3 channel models are quite similar. The difference is only in the train movement direction: away the served RRH or towards. Previously RAN4 agreed to consider train moving in only one direction as a baseline assumption and impact of movement in different directions was not observed. In this case we can remove either option 2 or Option 3 from further discussion. 
Observation #2: Option 2 and Option 3 channel models are quite similar, and we can consider only one of them for further discussion.
The difference between Option 1 and Option 2/3 is in UE starting point: Ds/2 for Option 1 and (Ds + Ds_offset) for Option 2/3. According to our analysis [2, 3] the switching of serving RRH from one to another in unidirectional deployments should be performed with certain offset of exact RRH position. Otherwise there will be a coverage hole in the area close to the serving RRH.
Observation #3: Parameter to configure location of serving RRH switching point should be considered in HST FR2 unidirectional channel model to address practical aspects related to optimal beam management.
In this case we suggest considering option 2 channel model as a candidate for DL unidirectional demodulation performance requirements definition.
[bookmark: _Hlk71634938]Proposal #1:	Consider Option 2 channel model for DL unidirectional performance requirements definition.

Bidirectional deployment
The following channel models were proposed for further discussion for bidirectional deployments:
	· Option 1: 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:
· , ,
· , 
· Option 2: HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment. the cosine of angle used in Doppler shift  is provided as below:
· 
· 
· 
· Other options are not precluded



First of all, we need to correct model 2. In this channel model UE is served by second nearest RRH in order to avoid coverage issues. In this case UE moves towards and away from serving RRHs in the area between them. In this case the sign of Doppler frequency trajectory should be periodically changed from positive to negative. Therefore, in the area we need to add “-” sign to have negative Doppler frequency. Option 2 should look like:

	· Option 2: HST-DPS Channel for FR2 HST Bi-Directional RRH Deployment. the cosine of angle used in Doppler shift  is provided as below:
· 
· 
· 


Observation #4: Option 2 for DL bidirectional scenario should be updated to properly capture UE movement and Doppler frequency trajectory.
In Option 1 UE is served by the nearest RRH and in Option 2 UE is served by second nearest RRH. However optimal beam management approach is more complicated. In Figure 2 we illustrate link budget evaluations for bidirectional scenario in deployment A and B. More details can be found in [2, 3]. As we see there will be at least 4 switching points in the area between two RRHs depending on deployment geometry. In this case we should divide channel model on several sub-blocks and define Doppler trajectory for the each one.
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	Figure 2. DL SNR along the track for the cases of bidirectional deployments.


According to Figure 1 there are 4 different areas between two consecutive RRHs for which we need to determine Doppler frequency profile. Let is consider that the first and third switching points are happened at Aoffset and Boffset positions respectively. The second beam switching is happened in the middle point between two RRHs. Under these assumptions the channel model for scenario B can be considered as follows:
	· Option 3 Channel Model for FR2 HST Bidirectional RRH Deployment scenario B. The cosine of angle used in Doppler shift  is provided as below:
1. 
2. 
3. 
4. 
· 
· 


Parameters Aoffset and Boffset will be different for different Ds and Dmin configurations. Moreover, for Scenario A we need to define much more parameters since there are much more beam switching occasions. For considered Scenario B these parameters are equal to 255 and 445 respectively based on our analysis. Doppler frequency trajectory for this case is presented in Figure 3. Also, we illustrate Doppler trajectories for Option 1 and 2.
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	Figure 3. Doppler frequency trajectory for DL bidirectional deployment scenario B.


Observation #5: More complicated channel model is need for bidirectional deployment to address optimal beam management approach.
Proposal #2:	Consider Option 3 channel model for DL bidirectional Scenario B performance requirements definition.
As we discussed in our companion paper, it is more challenging to support bidirectional deployment in Scenario A and benefits of it are nor clear. Both Option 1 and Option 2 are not address optimal beam switching behavior for Scenario A where frequent beam switching is happened in the area close to the RRH. Therefore, we suggest not to consider bidirectional operation for scenario A.
Proposal #3:	Do not consider bidirectional operation for scenario A.
Channel models for UL
Unidirectional deployment
For UL unidirectional scenario performance verification, the two options were proposed on channel modelling.
	· Option 1: Use single-tap propagation channel for UL uni-directional RRH deployment, as described below:
· 
· 
· , 
· 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  is FFS


The first Option is HST Single tap channel model but with instantaneous frequency jump when UE switches serving RRH. Option 2 is same as Option 2 for DL. Doppler frequency trajectory for each model are presented in Figure 4.
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	Figure 4. Doppler frequency trajectory for UL unidirectional deployment.


As we see, both options are similar, and the difference is only in starting point. Ds_offset is already considered in Option 2 hence we suggest using it for UL requirements definition.
Observation #5: Option 1 and Option 2 channel modeling for UL unidirectional deployment are similar.
Proposal #4:	Consider Option 2 channel model for UL unidirectional performance requirements definition. 

Bidirectional deployment
For bidirectional UL channel model definition, we suggest following same channel model as will be agreed for DL bidirectional. From propagation conditions perspective they should be same. Similar to DL propagation conditions UL channel model should assume instantaneous frequency jump when UE switch its serving RRH because we consider single BBU for several RRHs.
As we discussed above channel model for bidirectional deployment depends on beam management assumptions. Most of the companies provide analysis for DL from link budget perspective. In this case it will be easier to discuss DL scenario and optimal beam management for it and then reuse same channel model for UL.
Proposal #4:	Reuse DL bidirectional channel model for UL bidirectional scenario when it will be agreed.
Conclusion
In this contribution we provide our view on HST FR2 channel modelling aspects. In summary, we make the following proposals:
Proposal #1:	Consider Option 2 channel model for DL unidirectional performance requirements definition.
Proposal #2:	Consider Option 3 channel model for DL bidirectional Scenario B performance requirements definition. 
Proposal #3:	Do not consider bidirectional operation for scenario A.
Proposal #4:	Reuse DL bidirectional channel model for UL bidirectional scenario when it will be agreed.
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