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[bookmark: _Toc116995841]Introduction
The way forward (WF) of HST FR2 Enhanced Demodulation discussion after RAN4#107 meeting is captured in [1]. At the meeting the following important agreement were achieved:
· A unified approach for beam serving coverage area was defined in three scenarios:
· Scenario-A: Dmin = 10m, Ds_offset = 10m
· Scenarios B-1: Dmin = 150m, Ds_offset = 100m
· Scenarios B-2: Dmin = 150m, Ds_offset = 350m
· Doppler offset profiles per left and right panel of the UE were defined.
· Deployment parameters in the tunnel scenario
In this paper we address the issues left open after RAN4#107 meeting, as follows:
· Open space deployments:
· Power profile modelling
· Starting point selection for Doppler profile
· Scenario selection
· Choice of the channel model in the tunnel deployment.

[bookmark: _Toc116995842]Discussion
Open space deployments
There are two open issues left FFS regarding the PDSCH channel modelling with two-panel reception in HST FR2 deployments:
	Issue 1-1-3: Channel model for PDSCH requirements with Multi-Rx Reception
Agreement: 
· No need to model the relative propagation delay from the visible RRH into the channel modelling
· FFS whether need to relative power for channel modelling 
· The following model on doppler shift trajectory can be considered for PDSCH requirement with multi-Rx reception in Bi-directional deployment scenario as baseline 
· FFS on the starting point used

	· Doppler shift  (Hz) from the left Tx panel of RRH for PDSCH received at right Rx panel of UE is given by



· Doppler shift  (Hz) from the right Tx panel of RRH for PDSCH received at left Rx panel of UE is given by










To draw the conclusions about the need for the power profile modelling in HST FR2 deployments, we are presenting in Figure 1 the RSRP traces in bidirectional deployments Scenario-A and Scenario B-2. It can be seen that when PC6 UE is receiving DL signals simultaneously from two panels, a sugniifcant power imbalance in between two RX panel is observer, i.e., we cannot assume that channels are symmetrical on the right and on the left panel.

[image: ] [image: ]
[bookmark: _Ref142592196]Figure 1: RSRP traces in HST FR2 bi-directional deployments for Scenario A (left) and scenario B-2 (right).

[bookmark: _Toc142668710]In bi-directional HST FR2 deployments when PC6 UE receives DL signals with two panels, it cannot be assumed the channel is symmetrical, i.e., a significant power imbalance between the UE panels can be present.

Since it is assumed already that the UE is tested in moving conditions, i.e., the Doppler offset is changing with time. Thus, it is not realistic to assume that receiving power at each of the panels stays constant. It is necessary to define power profiles per each of the panels so that Rx power is changing in a way aligned with Doppler profile, i.e., following the distance to the connected RRH or simulation time and propagation conditions.
[bookmark: _Toc142668711]Since UE in HST FR2 scenarios is tested in moving conditions (time-dependent Doppler profiles are defined) it is not realistic that the receiving power at both panels stays the same.

Considering observations 1 and 2 we can conclude that it makes sense to introduce power profiles per each of the UE panels. An open question is still how such profiles can be defined. One option would be to reuse a simple analytical formula, e.g., open-space path loss, already used in some of the HST requirements in FR1 (see, e.g., Clause B.3.5 HST-SFN Scheme A Channel Profile). However, this approach that might not be well acceptable in FR1 deployments with nearly omi-directional coverage may not be close to reality in FR2 deployments, where much sharper beamforming is used both on RRH and UE sides. Hence the power profile can take beam gains into account be similar to RSRP trace shown in Figure 1.
[bookmark: _Toc142668712]RAN4 to introduce power profile per RRH and per UE panel in addition to Doppler shift profiles.
a. [bookmark: _Toc142668713]Option 1: Define power profile based on the free-space pathloss.
b. [bookmark: _Toc142668714]Option 2: Define power profiles that considers UE and RRH beam gains in addition to pathloss.

Additionally, as we show in Figure 1, the power difference at different sides of the profile (i.e., when UE is close to the RRH and far away from it) can be up to 15 dB. It is not realistic that only one MCS is used is such a wide range of Rx powers. Selection of only one MCS value would limit the requirement (i.e., reference SNR value) because it will be dominated by demodulation performance at the cell edge. The most appropriate solution would be to have link adaptation implemented in the testing equipment so that the MCS value would be selected according the received useful signal power. However, technically, this approach seems to be too complicated because it would require some channel information feedback from the DUT/UE and also link adaptation algorithm in the System Simulator (SS). Thus, a simpler approach would be to define a few MCS per RRH that values that would match the power profile.
In application to the RSRP trace shown in the Figure 1, the MCS can be changed, for example in the middle between the RRH, as it is illustrated in 
[image: ]MCS1
MCS2

Figure 2: An illustration how two MCS values can be defined per power profile.

[bookmark: _Toc142668715]When the useful signal power is changing with time in a significantly large range, it is not sufficient to fix only one MCS value for the requirement. In this case, the test will be dominated by demodulation performance at the cell edge.
[bookmark: _Toc142668716]RAN4 to define several MCS values per RRH in the demodulation requirement parameters to address a change in useful received power per UE panel introduced by the power profile.

The second FFS is related to the starting point of the test. Indeed, when the UE is served with two RRHs, it is necessary to align the Doppler and power profiles in between those. For example, when the UE is close to one of the servings RRH, it is far from the other or when UE is connected to TRP1 with one panel it can be still connected to TRP0 with the other panel.
	· 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 3: Beam serving coverage per RRH. 

With the current Doppler offset expressions at t=0
· for the right UE Rx panel (left RRH Tx panel), UE is  from the RRH, i.e., it is  from the RRH projection on the railway track.
· For the left UE Rx panel (right RRH Tx pane), UE is connected to the previous RRH and it is  far from it.
Hence, it can be seen that the Doppler profiles are aligned for the right and left UE panels are aligned in time. The same approach can be used also for the alignment of the power profiles if they are agreed to be introduced.
In general, when the profile are aligned in between the UE panels, the starting point does not make any impact on the requirement because simulations/test are expected to be executed over a significant number of RRHs.
[bookmark: _Toc142668717]Doppler profile expressions already agreed for HST FR2 two-panel reception are aligned with each other.
[bookmark: _Toc142668718]The starting point corresponding to t=0 is  to the right from RRH k-1 and  to the left from RRH k.

Finally, the last open issue is devoted to the selection of the channel model.
	Issue 1-1-1: Deployment Scenario for FR2 HST simultaneous multi-Rx reception requirements for Open Space Scenario
Agreement: 
· RAN4 will consider both scenario A and scenario B as starting point for initial evaluation with simultaneous multi-Rx reception
· FFS whether single requirement or separate requirements need to be introduced for scenario A and scenario B in Bi-directional deployment scenario for PDSCH demodulation requirements




Just looking at the Doppler shift profiles (Figure 4), it can be noticed that the Scenario B-2 has the least changes in the Doppler offset. Hence, it can be conserved as the simplest one.
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[bookmark: _Ref142648986]Figure 4: Doppler profiles to two-panel UE reception for Scenario-A, Scenario-B1, and Scenario B2.

However, it is still hard to draw the conclusions about which of the scenarios should be omitted and which should stay before the final agreement about the propagation model is achieved and the simulation results are provide by the companies. Ultimately, the goal could be to define the bare minimum of models and to test PDSCH only for one the channel models, especially, considering that no major difference in the performance is expected.
[bookmark: _Toc142668719]RAN4 stive to define necessary minim of channel conditions for PDSCH requirements with two-panel UE reception, e.g., one Scenario-A and one Scenario-B conditions should be sufficient. The number the tests can be further limited, e.g., by applicability rules.

Tunnel deployment
The open issues related to the selection of the channel model for UE demodulation requirements are listed are listed in the WF [1]:
	Issue 1-2-3: Channel Model in Tunnel Scenario for UE demodulation 
Agreement: 
· FFS
· Option 1: 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

	

	350 km/h

	
_max
	9722 Hz




· Option 2: Considering alternative scenario with train moving in the same direction with serving beam. 
· Uni-directional scenario 
· Doppler shift  (Hz) for PDSCH received at UE is given by




	Parameter
	Value

	
	TBD

	

	350 km/h

	

	9722 Hz



· Other options are not precluded
· Interested companies can provide the detail modelling 




Firstly, we would like to notice that at the previous RAN4#107 meeting it was agreed to consider two-panel reception also in the tunnel deployments [2]:
	Issue 2-1: Solution to the mobility issue in the tunnel
Agreement:
· Consider bi-directional deployment with simultaneous multi-panel reception in the tunnel scenario to alleviate the mobility issues.



[bookmark: _Toc142668720]Bi-directional deployment with simultaneous multi-panel reception is considered in the tunnel scenario to alleviate the mobility issues.
Therefore, the two-panel reception conditions discussed in the open-space deployments can be re-used for the tunnel deployment with updated deployment parameters:
[bookmark: _Toc142668721]RAN 4 to reuse open-space propagation condition for two-sided reception (including Doppler and power profiles) for the tunnel deployment with tunnel-specific parameters as follows:
	Parameters
	Description
	Tunnel

	Ds
	Inter-RRH distance
	700m

	Dmin
	Distance between rail track and RRH
	1m

	v
	Train velocity
	350km/h

	fd
	Maximum Doppler frequency shift
	9722Hz

	fc
	Carrier frequency
	30GHz

	Drx_panel
	Distance between two UE Rx panels
	0m

	Ds_offset
	Switching transmission point between adjacent RRHs
	[10, 5]m




Another open issue of the Tunnel scenario is related to the propagation conditions for UL, i.e., for BS testing:
	Issue 1-2-4: Channel Model  in Tunnel Scenario for BS demodulation 
Agreement: 
· FFS
· Option 1: 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 PUSCH received at gNB is given by



	Parameter
	Value

	
	TBD

	

	350 km/h

	

	19444 Hz




· Option 2: Considering alternative scenario with train moving in the same direction with serving beam. 
· Uni-directional scenario 
· Doppler shift  (Hz) for PUSCH received at gNB is given by





	Parameter
	Value

	
	TBD

	

	350 km/h

	

	19444 Hz



· Other options are not precluded
· Interested companies can provide the detail modelling 




Since bi-directional deployment can be also considered in the tunnel, as discussed above, the high-speed train propagation conditions already introduced in Rel-17 for HST FR2 (TS 38.104, Clause G.3, Scenario 4-BI-NR350) deployments can be reused in the tunnel deployment as well with updated parameters as a starting point.
	For Sceanrio 4, the cosine of angle  is given by:
		(G.3.5)
		(G.3.6)
		(G.3.7)
where  is the initial distance of the train from BS, and  is BS-Railway track distance, both in meters;  is the velocity of the train in m/s;  is time in seconds.




Then, the following deployment parameters should be taken into account:
	Parameter

	
	Scenario T-NR350

	

	700 m

	

	1 m

	

	350 km/h

	

	19444 Hz for 120kHz SCS



An example of the corresponding Doppler profile is shown in theFigure 5 below.
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[bookmark: _Ref142651501][bookmark: _Ref142651497]Figure 5: Doppler shift profile for bi-direction HST FR2 tunnel scenario.

However, it looks to be very similar to open-space bi-directional channel model already defined in TS 38.104 for HST FR2 scenario.
[bookmark: _Toc142668722]For evaluation of BS demodulation performance in HST FR2 tunnel deployment bi-direction propagation conditions from TS 38.104 could be reused with updated parameters for multi-Rx capable UE. However, the test does not introduce anything new to already existing test.
On the other hand uni-directional deployment test was not present in BS requirement in Rel-17. 
[bookmark: _Toc142668723]Demodulation performance in HST FR2 uni-directional deployments were not introduced in Rel-17.
[bookmark: _Toc142668724]RAN4 to consider uni-directional scenario for testing HST FR2 Tunnel deployment when UE is moving in the same direction with the serving beam and Ds_offset = 10m (Option 2).


[bookmark: _Toc116995848]Conclusion
In the paper we discuss channel conditions for demodulation performance testing of HST FR2 scenario with simultaneous two-panel receptions in DL. Both Open-space and Tunnel deployments are covered.
The following Observations and Proposals were made:
Observation 1: In bi-directional HST FR2 deployments when PC6 UE receives DL signals with two panels, it cannot be assumed the channel is symmetrical, i.e., a significant power imbalance between the UE panels can be present.
Observation 2: Since UE in HST FR2 scenarios is tested in moving conditions (time-dependent Doppler profiles are defined) it is not realistic that the receiving power at both panels stays the same.
Proposal 1: RAN4 to introduce power profile per RRH and per UE panel in addition to Doppler shift profiles.
a.	Option 1: Define power profile based on the free-space pathloss.
b.	Option 2: Define power profiles that considers UE and RRH beam gains in addition to pathloss.
Observation 3: When the useful signal power is changing with time in a significantly large range, it is not sufficient to fix only one MCS value for the requirement. In this case, the test will be dominated by demodulation performance at the cell edge.
Proposal 2: RAN4 to define several MCS values per RRH in the demodulation requirement parameters to address a change in useful received power per UE panel introduced by the power profile.
Observation 4: Doppler profile expressions already agreed for HST FR2 two-panel reception are aligned with each other.
Proposal 3: The starting point corresponding to t=0 is  to the right from RRH k-1 and  to the left from RRH k.
Proposal 4: RAN4 stive to define necessary minim of channel conditions for PDSCH requirements with two-panel UE reception, e.g., one Scenario-A and one Scenario-B conditions should be sufficient. The number the tests can be further limited, e.g., by applicability rules.
Observation 5: Bi-directional deployment with simultaneous multi-panel reception is considered in the tunnel scenario to alleviate the mobility issues.
Proposal 5: RAN 4 to reuse open-space propagation condition for two-sided reception (including Doppler and power profiles) for the tunnel deployment with tunnel-specific parameters as follows:

	Parameters
	Description
	Tunnel

	Ds
	Inter-RRH distance
	700m

	Dmin
	Distance between rail track and RRH
	1m

	v
	Train velocity
	350km/h

	fd
	Maximum Doppler frequency shift
	9722Hz

	fc
	Carrier frequency
	30GHz

	Drx_panel
	Distance between two UE Rx panels
	0m

	Ds_offset
	Switching transmission point between adjacent RRHs
	[10, 5]m



Observation 6: For evaluation of BS demodulation performance in HST FR2 tunnel deployment bi-direction propagation conditions from TS 38.104 could be reused with updated parameters for multi-Rx capable UE. However, the test does not introduce anything new to already existing test.
Observation 7: Demodulation performance in HST FR2 uni-directional deployments were not introduced in Rel-17.
Proposal 6: RAN4 to consider uni-directional scenario for testing HST FR2 Tunnel deployment when UE is moving in the same direction with the serving beam and Ds_offset = 10m (Option 2).
[bookmark: _Toc116995849]
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