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1 Introduction
In the previous RAN4 meeting, the channel modeling for performance requirement based on FR2 HST RRH deployment scenario were under discussion. The related agreement was captured in the WF [1]. 
According to [1], “The cosine of angle θ(t) used in Doppler shift in channel model is applied to both downlink and uplink”. In this contribution, we would like to further analysis the channel model for Uni/Bi-directional RRH deployment scenario, separately.  
2 Channel model for Uni-directional RRH deployment scenario
Regarding the channel model for Uni-directional, the following agreements are considered in the last meeting as 
	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.
[image: ]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.



2.1 Ds_offset Value for performance simulation
As per agreement in the last meeting, the value of Ds_offset only used for demodulation requirements purpose, it reflects Doppler shift trajectory at the beam switch points, while the impact on the performance requirement is minor. According to our company link budget performance analysis, we try to propose same value for unidirectional RRH deployment scenario-A and scenario-B from the perspective of simplification.
According to our company contribution [2],[3], Ds_offset = 47 (meter) for Scenario-A and Ds_offset = 373 (meter) for Scenario-B in Uni-directional RRH deployment. 
Proposal 1: For uni-directional RRH deployment scenario, RAN4 adopt the value of Ds_offset as follows:
	Uni-directional RRH deployment
	Ds_offset (meter)

	Scenario-A
	47

	Scenario-B
	373



2.2 Starting Point of t=0
As indicated in the formula, the value Ds_off+Ds is the initial distance (t=0) of train from the 2nd nearest RRH (serving RRH), for Uni-directional RRH deployment Scenario-A. The related Doppler shift trajectory is below:


Figure 2-1: illustration relationship of Doppler shift jump region and starting point
For demodulation performance, the purpose is to verify the proper timing/frequency offset tracking. Before RRH switching, UE will perform continuous frequency tracking of continuous Doppler frequency trajectory. In order to verify the performance with Doppler shift jump region for RRH switching,   UE will move at least the whole Ds range. Assume UE speed is 350km/h, Ds = 700m, that is 7.2s, and for SCS=120kHz numerology, that is after 7.2/(0.001/8) =57600 slots, Doppler shift jump region happens, it would take much more time for simulation. 
Observation 1: large number of slots is needed for simulation to cover the Doppler Shift Jump region within the whole Ds range.



Figure 2-2: starting point in channel model for uni-directional RRH deployment  
Assume starting point is at the Ds/2 to the serving RRH (i.e. t=0 for simulation), Ds_offset = Ds/4, Assume UE speed is 350km/h, after 1.8sec the first Doppler shift jump region is met, that is =14400 slots, simulation efforts is reduced.


Figure 2-3: illustration relationship of Doppler shift jump region and starting point

Observation 2: With changing the initial distance as Ds/2, simulation efforts can be reduced to meet the first Doppler shift jump region.

3 Channel model for Bi-directional RRH deployment scenario 
Regarding the channel model for Bi-directional, the following options are considered in the last meeting as 
	GTW agreement: Option 2 with DPS based channel model as starting point.
Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH.



Option 2(b): based on Scheme-2 for Bidirectional RRH Deployment:
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Option 2(c):  based on Scheme-3 for Bidirectional RRH Deployment:






Option 2(e): based on DPS scheme in which UE switch serving RRH at Ds/2, and no beam configured from neighbouring RRH for coverage hole around RRH site
, ,
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The proposed channel models are related to individual bi-directional RRH deployment scenario as following.
	Option 2(a)  [Scheme 1]
	Option 2(b)   [Scheme 2]

	


	


	Option 2(c)  [Scheme 3]
	Option 2(e)
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Figure 3-1: Channel model option vs. Bi-directional RRH deployment scenario
The Doppler shift trajectory experienced by UE are provided based on the formulas of option from option 2a to option 2e 
	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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In the following table, we summary the difference among these schemes, in term of number of RRH switching, UE panel switching, and numb over the moving distance from 0 to Ds
	Option 
	Number of serving RRH switching 
	Number of UE panel switching 
	Number of Tx beam per panel 

	Option 2a
	1
	1
	1

	Option 2b
	3
	2
	2

	Option 2c
	3
	3
	2

	Option 2e
	1
	1
	1



From the table, option 2a (scheme1) and option 2e have less number of RRH switching, UE panel switching and number of Tx beam.
As analyzed in our company’s contribution, the link budge performance of schem-1 shows very limited benefit over Scheme-2 around the RRH site, and the highest Rx power Scheme-2 is much better than Scheme-1. But Scheme-1 has no propagation delay jump between switching points, and also smaller beam switch number, RRM requirements are potentially looser. 
For option 2(c):  based on Scheme-3 for Bidirectional RRH Deployment, from link budge performance perspective, it show limited benefit over scheme-2, sacrificing of much more beam switch number and more propagation delay jump number.
For option 2(e): based on DPS scheme in which UE switch serving RRH at Ds/2, and no beam configured from neighbouring RRH for coverage hole around RRH site. Doppler shift trajectory does not match practical serving beam.
Based on above analyze, different schemes have different pros and cons, which scheme will be selected pending on the output of deployment scenario discussion.
From demodulation perspective, the purpose is to verify UE proper timing/frequency offset tracking performance, the impact on demodulation performance is minor with different schemes. Meanwhile, there is no need to combine demodulation test and RRM test, such as TCI state switching delay between severing RRHs, Tx beam switching, and panel switching delay   
Also, during the TCI state switching period, there is no PDSCH scheduling slots. This period is not considered in the throughput statistic, similar principle has already applied in FR1 HST with DPS scheme 1a and scheme 1b.
Therefore, to reduce the test effort and cover the basic procedure of RRH switching and panel switching, we prefer to apply the simplified channel model for demodulation requirement.
Based agreement in the last meeting, Scheme 1 under Bi-directional scenario is feasible without coverage hole issue, and no propagation delay jump between switching points. Therefore, channel model derived based on option 2(a) (scheme 1) can be considered for demodulation requirement. 
Proposal 1: For bi-directional RRH deployment scenario, RAN4 to apply the simplified channel model for demodulation requirement:  




As checking the formula for scheme 2, additional restriction is added, where the value of Ds_offset should be less than Ds/2, otherwise the severing beam is connecting to 2nd Nearest RRH, which is the scheme 1 deployment. 
Proposal 2: For bi-directional RRH deployment scenario, minor correction on the channel model formula for option 2b (scheme 2) is adopted:
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4 Conclusion  
In this contribution, we further provided our discussion and view on channel model for Uni-directional and Bi-directional in scenario A and scenario B. 
<Uni-directional RRH Deployment>
Proposal 1: For uni-directional RRH deployment scenario, RAN4 adopt the value of Ds_offset as follows:
	Uni-directional RRH deployment
	Ds_offset (meter)

	Scenario-A
	47

	Scenario-B
	373



Observation 1: large number of slots is needed for simulation to cover the Doppler Shift Jump region within the whole Ds range.
Observation 2: With changing the initial distance as Ds/2, simulation efforts can be reduced to meet the first Doppler shift jump region.
<Bi-directional RRH Deployment>
Proposal 1: For bi-directional RRH deployment scenario, RAN4 to apply the simplified channel model for demodulation requirement: 





Proposal 2: For bi-directional RRH deployment scenario, minor correction on the channel model formula for option 2b (scheme 2) is adopted:
, ,
, ,
, 
, 
, .       .

References
R4-2108661,WF on Channel Modeling for FR2 HST, Nokia.
R4-2110234, “Further Discussion on FR2 HST Deployment Scenario-A”, Samsung.
R4-2110235, “Further Discussion on FR2 HST Deployment Scenario-B”, Samsung.


Microsoft_Visio_2003-2010_Drawing1.vsd
Starting point for simulation


t=0  


t=7.2s  


Simulation slot number for v=350km/h and scs = 120kHz: 
57600 slots



image3.emf
Ds

Ds

Service RRH

RRH1 RRH2

Moving direction

RRH1 serving range

Switch to RRH1

RRH2 serving range

Switch to RRH3

Ds_offset

Switch to RRH2

Switch 

point

Switch 

point

Switch 

point

t=0

t=Ds/v

Dstart


Microsoft_Visio_2003-2010_Drawing2.vsd
Dstart


Ds


Ds



image4.emf
1Ds 2Ds 3Ds 4Ds

7000

7500

8000

8500

9000

9500

10000

distance(m),UE moving towards serving RRH

Doppler shift(Hz)

SCS=120kHz,Ds=700m, unidirDPS v=350km/h fdmax=9722Hz

 

 

RRH1 RRH2 RRH3

Dmin=10 RRH2

Dmin=10 RRH3

Dmin=10 RRH4

Dmin=150 RRH2

Dmin=150 RRH3

Dmin=150 RRH4

0 2 4

9700

9720

9740

t=0  

Starting point 

for simulation

Simulation slot 

number for 

v=350km/h and scs = 

120kHz: 

14400 slots

t=1.8s  


Microsoft_Visio_2003-2010_Drawing3.vsd

image5.emf
Dmin

Ds

Ds

Dmin

UE panel switch 

0.5Ds

UE panel switch 

Ds

UE panel switch  

1.5Ds

RRH-panel1 RRH-panel2

RRH1 RRH2 RRH3

UE-pane1

UE-panel2

UE panel switch  

2Ds

UE panel switch  

0Ds

UE-pane1

UE-panel2


Microsoft_Visio_2003-2010_Drawing4.vsd
Dmin


Ds


Ds


Dmin



image6.emf
Dmin

Ds

Ds/2

Dmin

UE panel switch UE panel switch

UE panel switch  

RRH-panel1 RRH-panel2

RRH1 RRH2 RRH3

UE-pane1

UE-panel2

UE-panel2

UE panel switch

UE-panel2

UE panel switch

UE-panel2

UE-panel2

Ds/2

UE-pane1


Microsoft_Visio_2003-2010_Drawing5.vsd
Dmin


Ds


Ds/2


Dmin



image7.png
SsBH3 S5BHO.
53 1





image8.emf

image9.emf
0Ds 1Ds 2Ds 3Ds

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

x 10

4

distance(m)

Downlink Doppler shift(Hz)

SCS=120kHz,Ds=700m,BidirDPS  v=350km/h fdmax = 9722Hz

 

 

RRH1 RRH2 RRH3 RRH4

Dmin=10

Dmin=150


image10.emf
0Ds 1Ds 2Ds 3Ds

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

x 10

4

SCS=120kHz,Ds=700m,BidirDPS  v=350km/h fdmax = 9722Hz

distance(m)

Doppler shift(Hz)

 

 

Dmin=10 Dsoffset = 40

Dmin=150  Dsoffset = 230


image11.emf
0Ds 1Ds 2Ds 3Ds

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

x 10

4

SCS=120kHz,Ds=700m,BidirDPS  v=350km/h fdmax = 9722Hz

distance(m)

Doppler shift(Hz)

 

 

Dmin=10 Aoffset = 40

Dmin=150  Aoffset = 230


image12.emf
0.5Ds 1.5Ds 2.5Ds 3.5Ds

-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

x 10

4

SCS=120kHz,Ds=700m,BidirDPS  v=350km/h fdmax = 9722Hz

distance(m)

Doppler shift(Hz)

 

 

Dmin=10

Dmin=150


image1.emf
Ds

Ds

Dmin

Service RRH

RRH1 RRH2

Moving direction

RRH1 serving range

Switch to RRH1

RRH2 serving range

Switch 

point

Switch 

point

Ds_offset

Switch to RRH2

Switch 

point


image2.emf
1Ds 2Ds 3Ds 4Ds

9400

9450

9500

9550

9600

9650

9700

9750

distance(m),UE moving towards serving RRH

Doppler shift(Hz)

SCS=120kHz,Ds=700m, unidirDPS v=350km/h fdmax=9722Hz

 

 

Dmin=10 RRH2

Dmin=10 RRH3

Dmin=10 RRH4

Starting point 

for simulation

t=0  

t=7.2s  

Simulation slot 

number for 

v=350km/h and scs = 

120kHz: 

57600 slots


