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[bookmark: _Toc116995841]Introduction
Several important agreements were achieved at the previous RAN4#108 meeting regarding channel modelling for performance requirements in HST FR2 deployments with simultaneous multi-panel reception [1], as follows:
· Doppler channel profiles per panel were corrected.
· Only Scenario B-1 (Dmin=150m, Ds_offset = 100m) to be considered.
At the same time modelling of channel asymmetry at two different UE panels/Rx chains has still left open and require further discussion:
· Whether and how to include power profile in the channel model
· How to define MCS values for each of the Rx chains of the UE
The discussion of this issue together with the proposal how new requirements can be reflected in the TS are included in the paper. Additionally, a necessary correction is proposed for the definition of the starting point in the channel model.
In addition to the channel modelling in the open space, it is discussed whether a new channel model needs to be defined for the HST FR2 Tunnel deployment, both for the UE and BS performance requirements.

[bookmark: _Toc116995842]Discussion
Open-space scenario
RRH and (initial) train position
The beam serving coverage areas of RRHs on the right and left of the UE have been agreed at RAN4#107 [2]:
	· The related beam serving coverage for left panel and right panel of each RRH can be considered as
· Left panel: [(k-1) *Ds- Ds_offset, k*Ds- Ds_offset] for the kth RRH, k=0, 1, …
· Right panel: [k *Ds+ Ds_offset, (k+1) *Ds+ Ds_offset] for the kth RRH, k=0,1, …





[bookmark: _Ref142644546]Figure 1: Beam serving coverage areas per RRH from RAN4#107 meeting. 

Additionally, at RAN4#108 it was captured in the WF [1] that the starting point of simulation should be
	· The train location is denoted as y = y0 + vt. The starting train location y0 corresponding to t=0 is y0= (- DS_offset)



At the same time if we take a look how the train location is defined in the exiting TS 38.101-4, Clause B.3.4, the definition of the channel model also include the location of RRH k and train location  also indicates that vertical coordinate equals to 0:
	[bookmark: _Toc106543621][bookmark: _Toc106737719][bookmark: _Toc107233486][bookmark: _Toc107235104][bookmark: _Toc107420074][bookmark: _Toc107477372][bookmark: _Toc114566233][bookmark: _Toc123936545][bookmark: _Toc124377562]B.3.4	FR2 HST-DPS Channel Profile
There is an infinite number of RRHs distributed equidistantly along the railway track with the same Cell ID as illustrated in Figure B.3.4.1-1 for Unidirectional and Figure B.3.4.2-1 for Bidirectional.
The location of RRH k is given as:
		(B.3.4.1)
where:	,  and is the distance between the RRHs and railway track, while  is the distance of two RRHs, both in meters.
The train location is denoted as:
		(B.3.4.2)
where:	 and a means distance in meters, which means the train is right on the track.  where v (m/s) is the moving speed of the train.



It is necessary to confirm the RRH location and to align train location with exiting practice used for HST scenarios in TS 38.101-4.

Regarding, the RRH locations, no changes are needed, and the former approach can be used:
The location of RRH k is given as , where:	,  and is the distance between the RRHs and railway track, while  is the distance of two RRHs, both in meters.

For k=0, the location of the RRH#0 is . Then, the common understanding is that the starting point of the simulation is D_s_offset to the left from the RRH#0, hence, the train location can be defined following the previous notations as follows:
The train location is denoted as: ,  and a means distance in meters, which means the train is right on the track.  where v (m/s) is the moving speed of the train and .

Correspondingly, the initial UE location in the figure from Ran4#107 meeting needs to be corrected to reflect the correct initial UE position.
Update the initial UE position () in the figure describing beam serving coverage for multi-Rx reception in Bi-directional scenario from RAN4#107 WF [R4-2309825] as follows:



Channel power profile modelling
Another topic that was actively discussed during a few previous meetings including RAN4#108 was the modelling of the channel power profile as a part of HST FR2 propagation conditions [1]:
	Issue 1-1-3:  Whether need to include relative power for channel model for PDSCH requirements with Multi-Rx Reception 
Agreement: 
· Further discuss whether and how to model power profile across Rx chains under demodulation test cases with fixed FRC
· Test feasibility need to be taken into account when selecting suitable test set-up.



In the Figure 2 and Figure 3 below we demonstrate the deployment scenario B-2 that was agreed for the channel model in HST FR2 Rel-18 with simultaneous two panel reception. From Figure 3, where RSRP traces per RRH and UE panel are shown, it can be seen that signal strength on the right and left UE 


[bookmark: _Ref146208449]Figure 2: An example of HST FR2 deployment Scenario B-1 (UE is served by the closest RRH).
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[bookmark: _Ref146208451]Figure 3: RSRP traces (including Pathloss, beamforming gains on UE and RRH sides) in HST FR2 Scenario B-1 (no slow fading is modelled).

A significant power imbalance can be observed UE receive panels especially closer to the RRHs. It is not realistic to assume similar RX powers and consequently same MCSs on UE panels.

RAN4 needs to define relative power profiles per RRH/UE panel to reflect different propagation condition on different sides of the HST FR2 UE.

The following options were considered at RAN4#108 for the definition of power profile:
	Issue 1-1-4:  How to model relative power for channel model for PDSCH requirements with Multi-Rx Reception (if relative power is introduced)
Agreement: 
· FFS
· Option 1 
· Option 1a: Define power profiles based on the free-space pathloss
· Option 1b: Define power profiles that considers UE and RRH beam gains in addition to pathloss
· Option 2 
· Model the relative power for HST FR2 multi-Rx channel modelling as following:
· Power level Pk (dB) for the signal from kth RRH, normalized to the total power received from all visible RRHs, is given by:
·  for 
·  for 



In our view, Option 2 that reuses the assumptions from HST FR1 power channel profile cannot be reused directly in HST FR2 scenario. In HST FR1, such a model makes sense, because all the RRH are transmitting the same PDSCH signal simultaneously, and at the UE side they are seen as the taps of the same channel. In HST FR2, RRH are transmitting independently in mDCI/DPS manner.
Option 2 of relative power profile cannot be used directly in HST FR2 based on DPS because in non-SFN scenario there is no need to normalize to the total power received from all visible RRHs.

Below, we elaborate further on the Option 1.
As a starting point for the power profile discussion, we can consider free-space pathloss expression:

where  is the distance between the transmitted and receiver in meters,  is the carrier frequency in Hz.
In the scenario with simultaneous multi-panel reception, only relative difference in the RX powers from two RRHs on different sides of the UE matters. Therefore, the constant components of the pathloss (i.e., ) do not need to be considered, and only  can be used for the relative power profile.
Additionally, the pathloss achieves its minimal value when the UE is at  distance to the RRH over the railway track, i.e., at distance from the RRH. The corresponding value of the path loss is

It can be used a normalization constant.

In addition to the pathloss, we can also notice from Figure 3 that beamforming has a significant impact on the received signal strength at the UE side. Therefore, and additional distance/time dependent component of the power profile can be BeamForming gain (BFG), and in the general case the power profile will look like:

where  is time dependent distance in between the UE and the RRH.

1.1.1.1. Option 1.a: power profile based on free space path loss
If beam forming gain is not considered, i.e., , the following power profile expressions can be used:

[bookmark: _Ref146211436]Table 1: Relative power profile per UE panel for HST FR2 simultaneous multi-Rx reception scenario.
	
	


	Panel 1
	


	Panel 2
	




Use relative power profile defined in the Table 1 above as a baseline for simultaneous multi-Rx reception scenario.

The power profile from Table 1 is demonstrated in Figure 4. 
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[bookmark: _Ref146211473]Figure 4: Relative power profiles in HST FR2 simultaneous multi-Rx reception scenario (free-space pathloss without beamforming gains).
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[bookmark: _Ref146266043]Figure 5: Change of MCS value corresponding to the power profile.

Due to the presence of power profile, the RX power/SNR at the UE panel is changing in a wider range than for the traditional test. Therefore, if only one MCS value is selected for the test parameters, the performance will be limited by the low SNR range, i.e., on the edge of the coverage. Therefore, we propose to introduce two MCS values in the new test, that will be changed in the middle in between the RRHs.
In the Figure 4, dots demonstrate the MCS switching points. The corresponding MCS trace is shown in Figure 5.

A change of RX power at UE panels necessitates for the use of several MCS values when UE is travelling along the railway track. It is also beneficial for testing simultaneous reception with different MCS at different panels what is expected to happen in practice.

Table 2: Change of MCS in HST FR2 propagation conditions with Power profile.
	Panel 1
	


	Panel 2
	



Define two different MCS values (MCS1 and MCS2, changing in the middle between the RRHs) to reflect the change in RX power due to the UE mobility, as described in Table 2 above.

Note, that when the power profiles are analytically described like it is proposed in Table 1, the resulting value of reference SNR for the requirement will be defined by the noise level. Therefore, there is no need to introduce separate requirements per panel and only one SNR value corresponding to the certain level of mac achievable throughput can be set in the requirement.
Keep a single SNR value corresponding to 70% of maximum throughput as a requirement for PDSCH performance with simultaneous two-panel reception in the propagation conditions with power profile.

1. Option 1.b: power profile with beamforming gains
Since beamforming gains both on the UE and NW side considerably impact the received signal strength, this effect can be taken more realistically in the power profile
Assume that there is one beam per RRH and one beam per UE panel. The power profile taking into account the beamforming effects can be represented as follows:

where





Here, 
· AX() is the composite array radiation pattern at azimuth angle  and elevation angle  [TR37.842, 5.3.3.3]. 
·  and  are the angles of the main lobe of the beam at transmitter and receiver.
·  and  are azimuth and elevation angles as a function of dist(t) (from Table 1).
· dist(t) is calculated as in Table 1.

[image: ]
Figure 6: Powe profiles per UE panel taking into account beamforming gain at UE and RRHs.

RAN4 to consider introducing beamforming gains into the power profile for the HST FR2 propagation conditions with simultaneous two-panel reception.

Tunnel deployment
The Tunnel deployment parameters were agreed at RAN4#107 [2]:
	Issue 1-2-2: RRH parameters for Channel Model in tunnel scenario
Agreement: 
· Aligned with RRM assumption for tunnel scenario deployment initial study, RAN4 use the following RRH parameters for channel modelling in the tunnel deployment scenario
· Ds=700m
· Dmin=1m
· Take Ds_offset =5m for Uni-directional scenario as baseline
· Other value of Ds_offset is not precluded



At RAN4#108, the discussion of a need for the new channel model in Tunnel scenario for HST FR2 continued, both for UE and BS demodulation performance requirements.

UE/DL demodulation performance
The following options were listed at RAN4#108 [1]:
	Issue 1-2-1: Channel Model in Tunnel Scenario for UE demodulation 
Way forward: 
· Option 1: 
· RAN4 not to consider further discussions on channel modelling for Tunnel scenario for FR2 HST DPS
· Option 2: Reuse the channel model in RAN4 spec 38.101-4, i.e, single path with LoS propagation, for performance requirement study of FR2 HST-DPS in tunnel deployment with updated Ds, Dmin and Ds_offset 
· Uni-directional scenario 
· Doppler shift  (Hz) for PDSCH received at UE is given by

	


	Parameter
	Value

	
	TBD

	
	700 m

	
	5m

	
	1 m

	
	350 km/h

	
	9722 Hz






· Interested companies can provide the simulation results for initial performance evaluation in tunnel scenario deployment in the next meeting



Below, we present and compare the Doppler profiles in the open space scenarios with Doppler profile that is considered for the HST FR2 tunnel deployment:
· Figure 6 is Doppler profile for the open space scenario B-1 agreed for the requirements with simultaneous two-panel reception
· Figure 7 is the Doppler profile introduced in HST FR2 Rel-18 for uni-directional deployments and described in Clause B3.4.1 of TS 38.101-4.
· Figure 8 is the Doppler profile in the Tunnel deployment following the propagation model parameters agreed for simultaneous two-panel reception.
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[bookmark: _Ref146267875]Figure 7: HST FR2 Multi-Rx UE/DL Doppler profile in Scenario-B1.
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[bookmark: _Ref146268374]Figure 8: Doppler shift trajectory (f_d = 9722 Hz) as seen by PDCCH and PDSCH for each RRH for FR2 HST-DPS Unidirectional scenario (Figure B.3.4.1-3 from TS 38.101-4).
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[bookmark: _Ref146268486]Figure 9: HST FR2 Multi-Rx UE/DL Doppler profile in Tunnel scenario.

If we compare all three profiles presented above, Doppler profile in the Tunnel deployment is the easiest one, i.e., it is very close to that AWGN propagation conditions with a fixed large frequency offset. The change of the Doppler is milder in the tunnel deployment than in the open space.
The new channel model in the tunnel does not introduce any new aspect to the already exiting HT FR2 propagation conditions (e.g., unidirectional HST DPS channel profile from Rel-17 and newly introduced propagation conditions for HST FR2 in the tunnel).
There is no strong need to introduce a new channel profile for HST FR2 Tunnel deployment scenario for UE Demod requirements.

BS/UL demodulation performance
A WF like UE propagation conditions in the tunnel was also listed on BS propagation conditions after RAN4#108:
	Issue 4-1-2: Whether to define BS demodulation requirements for tunnel deployment scenario in FR2 HST
Way forward: 
· Option 1 
· Introduce single set requirement for PUSCH in tunnel scenario based on Bi-directional scenario in the tunnel scenario.
· Option 2
· RAN4 to define new demodulation requirements for tunnel deployment scenario only if a new channel model in the tunnel is introduced.
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.
· Option 3 
· UE demodulation requirements can be defined only if new channel model with multi-path propagation introduced.



In principle, Rel-18, the UL is functioning in the same way it was in was in Rel-17, i.e., only one UE panel is transmitting at a time.
In Rel-17, the high speed train condition (Scenario 4-BI-NR350, FR2: Open space) are introduced in TS 38.104, Annex G.3.
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Figure 10: Figure G.3-9: Doppler shift trajectory for scenario 4-BI-NR350, FR2 (120 kHz SCS).

Taking the tunnel scenario deployment parameters and applying it to the model from G.3 we get the Doppler profile shown in Figure 10.
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[bookmark: _Ref146271630]Figure 11: Doppler shift trajectory for bi-directional channel profile.

We can observe that the only difference in between the Doppler profiles above is the large change in the frequency offset when UE is connected to the same RRH. However, the scale of the change in the frequency offset when the UE is switching from one RRH to another one is still similar in both deployments.
Bi-directional Doppler profile model has minor differences from the open space Doppler profile.
There is no strong need to introduce a new channel profile for HST FR2 Tunnel deployment scenario for BS Demod requirements.

[bookmark: _Toc116995848]Conclusion
In the paper we are discussing HST FR2 propagation conditions for open space deployment when simultaneous multi-panel reception is used, specifically the introduction of power profiles, and a need to introduce new propagation conditions for the tunnel deployment.
The following Observations and Proposals were made:
On Open-Space Scenario
1. It is necessary to confirm the RRH location and to align train location with exiting practice used for HST scenarios in TS 38.101-4.
1. The location of RRH k is given as , where:	,  and is the distance between the RRHs and railway track, while  is the distance of two RRHs, both in meters.
1. The train location is denoted as: ,  and a means distance in meters, which means the train is right on the track.  where v (m/s) is the moving speed of the train and .
1. Update the initial UE position () in the figure describing beam serving coverage for multi-Rx reception in Bi-directional scenario from RAN4#107 WF [R4-2309825] as follows:



A significant power imbalance can be observed UE receive panels especially closer to the RRHs. It is not realistic to assume similar RX powers and consequently same MCSs on UE panels.
RAN4 needs to define relative power profiles per RRH/UE panel to reflect different propagation condition on different sides of the HST FR2 UE.

Option 2 of relative power profile cannot be used directly in HST FR2 based on DPS because in non-SFN scenario there is no need to normalize to the total power received from all visible RRHs.

Table 1: Relative power profile per UE panel for HST FR2 simultaneous multi-Rx reception scenario.
	
	


	Panel 1
	


	Panel 2
	




Use relative power profile defined in the Table 1 above as a baseline for simultaneous multi-Rx reception scenario.
A change of RX power at UE panels necessitates for the use of several MCS values when UE is travelling along the railway track. It is also beneficial for testing simultaneous reception with different MCS at different panels what is expected to happen in practice.

Table 2: Change of MCS in HST FR2 propagation conditions with Power profile.
	Panel 1
	


	Panel 2
	



Define two different MCS values (MCS1 and MCS2, changing in the middle between the RRHs) to reflect the change in RX power due to the UE mobility, as described in Table 2 above.

Keep a single SNR value corresponding to 70% of maximum throughput as a requirement for PDSCH performance with simultaneous two-panel reception in the propagation conditions with power profile.

RAN4 to consider introducing beamforming gains into the power profile for the HST FR2 propagation conditions with simultaneous two-panel reception.

On Tunnel deployment
The new channel model in the tunnel does not introduce any new aspect to the already exiting HT FR2 propagation conditions (e.g., unidirectional HST DPS channel profile from Rel-17 and newly introduced propagation conditions for HST FR2 in the tunnel).
There is no strong need to introduce a new channel profile for HST FR2 Tunnel deployment scenario for UE Demod requirements.

Bi-directional Doppler profile model has minor differences from the open space Doppler profile.
There is no strong need to introduce a new channel profile for HST FR2 Tunnel deployment scenario for BS Demod requirements.
[bookmark: _Toc116995849]
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