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Introduction
At the RAN4#99-e meeting the scope of channel models for demodulation performance requirements in FR2 HST scenarios was further narrowed down. The following important agreements are listed in the WF [1]:
	· The cosine of angle θ(t) used in Doppler shift in channel model is applied to both downlink and uplink for:
· A particular uni-directional deployment scenario. 
· A particular bi-directional deployment scenario.

· For uni-directional deployment, one channel model (either toward to serving beam or away from serving beam) is applied for demodulation requirement even if UE can travel in two directions in practice.



Therefore, for the uni-directional deployment scenario only the choice of model parameter Ds_offset is still open. For bi-directional scenarios, a larger choice of models is still under the discussion together with Ds_offset value as well.
In this paper, we are discussing the choice of Ds_offset parameter in both channel models, and the selection of bi-directional channel model. Our analysis is based on the result of PUSCH link-level simulations and also on the result of system-level simulations.
More information about system-level simulations parameters and results can be found in our accompanying paper [2].


Discussion
The analysis below is based on the results of the PUSCH link-level simulations.
The main simulations parameters are presented in Table 1. Some additional parameters are the following:
· Speed: 350kmh/h, Doppler frequency: 19444Hz
· Carrier frequency: 30GHz
· Antennas: 1T2R
· BW: 100MHz
· PUSCH symbols: 10. Note: simulation results with 9 PUSCH symbols are very close when PT-RS is used.
· MCS: 16
The simulations were performed with the presence of phase noise.
In the sections below, utilized channel models and parameters are introduced accordingly.
[bookmark: _Ref79051152]Table 1: PUSCH main simulation parameters
	Parameter
	Value

	Transform precoding
	Disabled

	Default TDD UL-DL pattern (Note 1)
	120kHz SCS:
3D1S1U, S=10D:2G:2U

	HARQ
	Maximum number of HARQ transmissions
	4

	
	RV sequence
	0, 2, 3, 1

	DM-RS
	DM-RS configuration type
	1

	
	DM-RS duration
	single-symbol DM-RS

	
	Additional DM-RS symbols
	pos0, pos1

	
	Number of DM-RS CDM group(s) without data
	2

	
	Ratio of PUSCH EPRE to DM-RS EPRE
	-3 dB

	
	DM-RS port(s)
	{0}, {0, 1}

	
	DM-RS sequence generation
	NID=0, nSCID =0

	Time domain
	PUSCH mapping type
	B

	resource
	Start symbol index
	0 

	
	Allocation length
	[9,10]

	Frequency domain
	RB assignment
	Full applicable test bandwidth

	resource
	Frequency hopping
	Disabled

	TPMI index for 2Tx two-layer spatial multiplexing transmission 
	0

	Code block group based PUSCH transmission
	Disabled

	PT-RS
	Frequency density (KPT-RS)
	2

	configuration
	Time density (LPT-RS)
	1

	NOTE 1:	The same requirements are applicable to TDD with different UL-DL patterns



We would like to note that the maximum FO values described in this channel modelling do not account for possible effective Doppler spread reductions due to advantageous choice of UE/CPE side beams and corresponding L1/RSRP feedback.
Some UE/CPE implementations might chose to bias L1/RSRP measurement feedback for beam selection, or the PMI feedback, to encourage BS/UE beam pair selections that result in signal propagation paths with lower effective Doppler, i.e., minimal incidence angles w.r.t. the tracks/the movement direction . Hence, the maximum UE speed/Doppler derived FO is unlikely to be encountered in practise.
In our channel model derivation it is assumed that both UE and BS beams are fixed, and the UE uses only one beam. Hence such FO changing beam selection effects can be ignored.

Uni-directional models
[bookmark: _Hlk79060876]In the WF [1], the following channel model for uni-directional scenario was agreed:
	· Use the HST-DPS channel model below as a starting point for FR2 HST Uni-Directional RRH Deployment:
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)
The Ds_offset value for introducing performance requirements can be further discussed and decided based on typical values from Deployment scenarios analysis.
The value has no restriction on deployment.
Ds_offset value only used for demodulation requirements 
FFS the starting point of t=0 by considering simulation efforts



Ds_offset value depend on the deployment scenarios. Following the email discussion at RAN4#99-e [3] and our system-level simulation results, we considered the following range of Ds_offset values:
· Scenario-A: Ds_offset = [0, 20, 40, 80]m
· Sceanrio-B: Ds_offset = [0, 150, 200, 300]m
Related Doppler shift trajectories are shown in Figure 1 and Figure 2 for Scenario-A and Scenario-B, correspondingly. Note, that the trajectories are shown for fd = 9722Hz for illustrative purpose, however in actual simulations fd = 19444Hz.
[bookmark: _Ref79057870]Figure 1: Doppler shift trajectories in uni-directional Scenario-A with different values of Ds_offset: 0, 20, 40, 80m.

[bookmark: _Ref79057874]Figure 2: Doppler shift trajectories in uni-directional Scenario-B with different values of Ds_offset: 0, 150, 200, 300m.



[bookmark: _Ref79077514]The Doppler trajectories with Ds_offset=0m are the most challenging due to the largest changes in Doppler shifts.

The results of PUSCH link-level simulations are presented in Table 2 and Table 3 for Scenario-A and Scenario-B, correspondingly.
[bookmark: _Ref79059148]Table 2: PUSCH link-level performance for uni-directional channel model, Scenario-A.
	Ds_offset, m
	SNR@30% maxTPUT, dB
	SNR@70% maxTPUT, dB

	0
	-0,63
	6,86

	20
	-0,67
	6,85

	40
	-0,67
	6,86

	80
	-0,67
	6,86



[bookmark: _Ref79059150]Table 3: PUSCH link-level performance for uni-directional channel model, Scenario-B.
	[bookmark: _Hlk79059446]Ds_offset, m
	SNR@30% maxTPUT, dB
	SNR@70% maxTPUT, dB

	0
	-0,66
	6,78

	20
	-0,66
	6,83

	40
	-0,67
	6,83

	80
	-0,67
	6,84



[bookmark: _Ref79077530]Different Ds_offset values in uni-directional HST FR2 channel model does not provide any meaningful impact on PUSCH demodulation performance.
There is no meaningful difference in performance between Scenario-A and Scenario-B in uni-directional HST FR2 channel model.

[bookmark: _Hlk79073813]Next, in Figure 3, Figure 4, Figure 5, we demonstrate the distribution of HO locations that are observed in our system-level simulations for Scenario-A and Scenario-B with one and two beams per RRH panel. Note, that these simulations consider cell identification/detection, and measurement delays and also slow fading.
It can be seen that in Scenario-A, HOs happen either under RRH or shortly after the RRH. Therefore, the value Ds_offset=0 will be a reasonable choice.
Whereases, in Scenario-B, the HOs take place mostly further away from the RRH locations. Therefore, the larger value of Ds_offset can be considered.
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[bookmark: _Ref79071152]Figure 3 Handover positions for uni-directional Scenario-A.
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[bookmark: _Ref79071155]Figure 4 Handover positions for uni-directional Scenario-B with 1 beam per RRH panel.
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[bookmark: _Ref79071156]Figure 5 Handover positions for uni-directional Scenario-B with 2 beams per RRH panel.

In uni-directional Scenario-A, HO locations are very close to RRHs.
In uni-directional Scenario-B, HOs take place mostly in-between the RRHs.

Define the value of Ds_offset = 0m in uni-directional deployment Scenario-A channel model for HST FR2 pefromance requirements.
 The value of Ds_offset can be defined further away from the RRH in uni-directional deployment Scenario-B channel model for HST FR2 pefromance requirements. Acceptable values of Ds_offset can be in the range of 200-300m.

Bi-directional models
As far as the usage of uni-directional deployments in Scenario-A was de-prioritised, we continue the analysis in this section only for Scenario-B.
In the WF [1], a number of channel models were presented:
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In our view, the aim of the channel model is to capture typical behaviour of Doppler shift in HST FR2 scenarios. As far as a lot of randomness is present in realistic wireless network deployments, it is not possible to fix the exact HO/beam switching positions. For example, in Figure 8, we show the distribution of HO locations in bi-directional deployment, Scenario-B with two beams per RRH. It can be seen that HOs are distributed almost uniformly between the RRHs. Thus, considering Options 2(b) and 2(c), they look to be unnecessary complex without considerable increase in realism.
Channel models in Options 2(b) and 2(c) are rather complicated but still cannot describe the HO/beams switching locations realistic enough.

The examples of Doppler shift trajectories for channel models Option 2(e) and 2(a) are shown in Figure 6. Fundamentally, their behaviour is similar. The main difference is in less smooth change of Doppler offset in model 2(e).


[bookmark: _Ref79064573]Figure 6:Examples of Doppler shift trajectories for channel models Option 2(e) (left) and Option 2(a) (right, Ds_offset=0), bi-directional deployment, Scenario-B.

Doppler shift trajectories in model Option 2(a) and 2(e) have a similar type of behaviour.

Comparison of link-level simulation results between channel models Option 2(e) and Option 2(a) with different values of Ds_offset are presented in Table 4.

[bookmark: _Ref79063573][bookmark: _Ref79063569]Table 4: PUSCH link-level performance for bi-directional channel models, Scenario-B.
	Channel model
	Ds_offset, m
	SNR@30% maxTPUT, dB
	SNR@70% maxTPUT, dB

	Option 2(a)
	0
	-0,63
	6,86

	Option 2(a)
	150
	-0,63
	6,85

	Option 2(a)
	200
	-0,64
	6,85

	Option 2(a)
	300
	-0,64
	6,82

	Option 2(e)
	-
	-0,66
	6,73



There is no meaningful difference in PUSCH performance between channel models Option 2(e) and Option 2(a) with different values of Ds_offset, bi-directional deployment, Scenario-B.

Additionally, in Figure 7, we demonstrate the distribution of HO locations corresponding to Scheme-1 from WF [4], i.e., the CPE is connecting to 2nd-nearest RRH. In Figure 8, HO locations are shown for bi-directional deployment Scenario-B with two beams per RRH panel.
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[bookmark: _Ref79076278]Figure 7 Handover positions for bi-directional Scenario-B with 1 beam per RRH panel
[image: Chart

Description automatically generated]
[bookmark: _Ref79070845]Figure 8 Handover positions for bi-directional Scenario-B with 2 beams per RRH panel

HO locations are distributed almost uniformly between the RRHs in bi-directional deployments, Scenario-B. Hence, the exact value of in model Option 2(a) can hardly be selected.

Our preference is to use channel model Option 2(e) since the demodulation performance with both models (2(a) and 2(e)) is the same, but model 2(e) does not require the selection of Ds_offset and has been already used as DPS channel model in HST FR1 DL requirements.

Conclusion
In this contribution, we further disclosed our view on channel modelling for HST deployment scenarios in FR2. The analysis is based on the results of link- and system-level simulations.
The following observations and proposal were made:
On the uni-directional channel models:
1. The Doppler trajectories with Ds_offset=0m are the most challenging due to the largest changes in Doppler shifts.
Different Ds_offset values in uni-directional HST FR2 channel model does not provide any meaningful impact on PUSCH demodulation performance.
There is no meaningful difference in performance between Scenario-A and Scenario-B in uni-directional HST FR2 channel model.
In uni-directional Scenario-A, HO locations are very close to RRHs.
In uni-directional Scenario-B, HOs take place mostly in-between the RRHs.
1. Define the value of Ds_offset = 0m in uni-directional deployment Scenario-A channel model for HST FR2 pefromance requirements.
 The value of Ds_offset can be defined further away from the RRH in uni-directional deployment Scenario-B channel model for HST FR2 pefromance requirements. Acceptable values of Ds_offset can be in the range of 200-300m.

On the bi-directional channel models:
Channel models in Options 2(b) and 2(c) are rather complicated but still cannot describe the HO/beams switching locations realistic enough.
Doppler shift trajectories in model Option 2(a) and 2(e) have a similar type of behaviour.
There is no meaningful difference in PUSCH performance between channel models Option 2(e) and Option 2(a) with different values of Ds_offset, bi-directional deployment, Scenario-B.
HO locations are distributed almost uniformly between the RRHs in bi-directional deployments, Scenario-B. Hence, the exact value of in model Option 2(a) can hardly be selected.
Our preference is to use channel model Option 2(e) since the demodulation performance with both models (2(a) and 2(e)) is the same, but model 2(e) does not require the selection of Ds_offset and has been already used as DPS channel model in HST FR1 DL requirements.
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Handover positions (Scenario:A-Beams1, RRHDir:Opposite, DRX:0)
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Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH).
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Option 2(c): based on Scheme-3 for Bidirectional RRH Deployment:
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Handover positions (Scenario-B:Beams-1, RRHDIr:Bi-directional, DRX:0)
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Handover positions (Scenario-B:Beams-2, RRHDIr:Bi-directional, DRX:0)
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