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1. Introduction
In RAN Plenary #89-e, the RAN4-led work item of NR support for high speed train scenario in FR2 has been approved [1, RP-202118] (which has been further revised to [2, RP-210800]), and the internal TR 38.854 is used to capture the analysis on FR2 HST deployment related issues and study. In this contribution, we would like to provide our text proposal to TR 38.854 on deployment scenario analysis for FR2 HST. 

2. TP to TR 38.854 v0.1.0 on Deployment Scenario Analysis
In this text proposal, the structure of the clause “6.3.3 Throughput performance” is prepared 
<<<Beginning of Text Proposal>>>
[bookmark: _Toc56171185]6.3	FR2 Feasibility Evaluation
RAN4 perform feasibility study on FR2 HST scenario, by at least considering following aspects:
1)	The feasibility of a deployment based the beam dwelling time and measurement period framework:
a)	How many beams/SSBs per RRH can be deployed (given other deployment parameters such as Dmin, Ds, speed etc) while maintain mobility performance with FR2 BM mechanism?; and
b)	How much beam refinement is needed to achieve coverage and mobility?
	-	How much beam overlapping area is needed (given other deployment parameters such as Dmin, Ds, speed etc.) to ensure beam refinement procedure can be executed successfully?
2)	Study throughput performance and mobility performance:
a)	More number of analogue beams and sharper beam may provide better link budget performance but more challenging on mobility performance.
3)	Receive timing difference.
4)	Maximum supported Doppler shift for both UL and DL and maximum supported UE speed.
Other feasibility study is not precluded.

For evaluating the maximum supported speed following numerology will be considered: 
-	For FR2 HST evaluations and possible performance requirements definition, RAN4 only consider 120kHz SCS as baseline assumption.
[bookmark: _Toc56171186]6.3.1	Idle/inactive mode

[bookmark: _Toc56171187]6.3.2	Connected mode

[bookmark: _Toc56171188]6.3.3	Link Performance and Throughput Performance
Based on the evaluation parameters provided in clause 6.1 and channel modeling provided in clause 6.2, companies are provided evaluation results by examining the link performance and throughput performance. In the following sub-section, companies’ evaluation results are provided for information, which are used as the technical basis to derive the conclusion. 
6.3.3.1 Link Performance Evaluation from Samsung
For Scenario-A, uni-directional and bi-directional deployment, Samsung provide the evaluation in the contributions R4-2110234 and R4-2113170 respectively. 
6.3.3.1.1 Scenario-A, Uni-directional RRH Deployment
As provided in clause 6.2 for the detailed simulation assumption, it has been shown that with 1 beam per RRH panel and 1 beam per UE panel, the link budget performance is satisfactory, in terms of at least ~30dB margin over FR2 PC4 REFSENS requirement and at least ~21dB margin over FR2 PC4 spherical coverage requirement, as illustrated in following figure. Even considering 31dBm for TX power is a bit optimistic assumption for 8x8 panel configuration (e.g., with per element P_out = 12dBm and 3dB polarization gain, 8x8 panel can achieve 12 + 10lg(64) + 3 = 34dBm without considering any implementation margin), the cellular coverage should still be satisfactory with implementation margin considered. 
[image: ]
Figure 6.3.3.1.1-1 RX power without UE RX beamforming, Scenario-A, Uni-directional
Next, we take UE RX beamforming gain into account, and assume 1 beam per panel (which is existing agreement in R4-2106100). For simplicity, it is assumed that UE boresight direction is opposite to RRH boresight direction (i.e., the largest UE beamforming gain is achieved when UE is located at the projection point of the neighboring RRH on the railway). It is shown in the following figure, with UE RX beamforming gain into account, the received signal power after RX beamforming is no less than -50dBm even for the nearest coverage point (which is corresponding to least RX beamforming gain around 15dB), which also should be regarded as satisfactory link performance. 
[image: ]
Figure 6.3.3.1.1-2 RX power with UE RX beamforming, Scenario-A, Uni-directional
The evaluation and analysis above is based on the parameters provided in clause 6.1, while some of additional used assumptions are summarized in the below Table: 
Table 6.3.3.1.1-1 Additional Assumptions for Uni-directional RRH Deployment Link Performance Evaluation 
	Parameter
	Value

	RRH parameters

	RRH Tx Power
	31 dBm

	RRH antenna array model
	 [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]

	RRH panel orientation
	Option-1: RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway)
             - Azimuth angle: 0.8 degree 
          - Down-titling: 1.2 degree

	Number of RRH panels per RRH sites
	1 (i.e., uni-directional)

	Number of Analog Beams per RRH
	1

	UE parameters

	UE antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]
5dBi per element antenna gain

	UE panel orientation
	Direction is opposite to RRH boresight direction



6.3.3.1.2 Scenario-A, Bi-directional RRH Deployment
Two candidate schemes for Bi-directional deployment for Scenario-A are discussed, and the illustration of two scheme are captured in WF R4-2106100 for information, i.e., 
    - Scheme-1: Connecting to 2nd-Nearest RRH;
   - Scheme-2: Connecting to Nearest RRH except Coverage Hole.



       
                      Scheme-1: Connecting to 2nd-Nearest RRH                                         Scheme-2: Connecting to Nearest RRH except Coverage Hole
Figure 6.3.3.1.2-1 Illustration of Scheme-1 and 2 for bi-directional deployment
Accordingly the link performance of scheme-1 and scheme-2 are provided in the following two figures respectively.


Figure 6.3.3.1.2-2 RX power with UE RX beamforming for Scheme-1, Scenario-A, Bi-directional


Figure 6.3.3.1.2-3 RX power with UE RX beamforming for Scheme-2, Scenario-A, Bi-directional


The evaluation and analysis above is based on the parameters provided in clause 6.1, while some of additional used assumptions are summarized in the below Table: 
Table 6.3.3.1.2-1 Additional Assumptions for Bi-directional RRH Deployment Link Performance Evaluation 
	Parameter
	Value

	RRH parameters

	RRH Tx Power
	31 dBm

	RRH antenna array model
	 [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]

	RRH panel orientation
	Option-1: RRH panel boresight pointed to the railway in the middle point between 2 RRHs
Scenario-A:Azimuth angle: 1.6 degree
Down-titling: 2.5 degree

	Number of RRH panels per RRH sites
	2 (i.e., Bi-directional)

	Number of Analog Beams per RRH
	1

	UE parameters

	UE antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]
5dBi per element antenna gain

	UE panel orientation
	Direction is opposite to RRH boresight direction, i.e., 
Scenario-A:Azimuth angle: 1.6 degree
Down-titling: 2.5 degree

	Number of Beams per UE panel
	1



6.3.3.1.3 Scenario-B, Uni-directional RRH Deployment
Editor Notes: TBA.
6.3.3.1.4 Scenario-B, Bi-directional RRH Deployment
Editor Notes: TBA.
<<<End of Text Proposal>>>



image2.emf
0 200 400 600 800 1000 1200 1400 1600 1800 2000

-130

-120

-110

-100

-90

-80

-70

-60

-50

-40

RxPower w UE beamforming [RRH M=8 N=8 beamtheta=0deg beamphi=0deg]

Location (meter) [Ds=700 Dmin=10]

RX Power (dBm)

 

 

RRH1 RRH2 RRH3 RRH4

RRH-1beam-1,UEbeam1

RRH-2beam-1,UEbeam1


image3.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_Drawing1.vsd
Dmin


Ds


Ds


Dmin



image4.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

UE-pane1

Ds/2


Microsoft_Visio_2003-2010_Drawing2.vsd
Dmin


Ds


Ds/2


Dmin



image5.emf
0 200 400 600 800 1000 1200 1400 1600 1800 2000

-130

-120

-110

-100

-90

-80

-70

-60

-50RRH1 RRH2 RRH3 RRH4

RxPower w UE beamforming [RRH M=8 N=8 beamtheta=0deg beamphi=0deg]

Location (meter) [Ds=700 Dmin=10]

Rx Power (dBm)

 

 

RRH2p2beam1,UEp1

RRH1p1beam1,UEp2

RRH3p2beam1,UEp1

RRH2p1beam1,UEp2

RRH4p2beam1,UEp1

RRH3p1beam1,UEp2

Ds/2

Ds/2

Ds/2

p1

p1

p1

p2

p2 p2


Microsoft_Visio_2003-2010_Drawing3.vsd
Ds/2


Ds/2


Ds/2


p1


p1


p1


p2


p2


p2



image6.emf
0 200 400 600 800 1000 1200 1400 1600 1800 2000

-90

-80

-70

-60

-50

-40

-30 RRH2 RRH3

RxPower w UE beamforming [RRH M=8 N=8 beamtheta=0        -1.3deg

 beamphi=0        -0.8deg]

Location (meter) [Ds=700 Dmin=10]

Rx Power (dBm)

 

 

RRH1p1b1,UEp2

RRH2p2b1,UEp1

RRH1p1b2,UEp2

RRH2p1b1,UEp2

RRH3p2b1,UEp1

RRH1p1b2,UEp2

Ds/2

Ds/2

Ds/2

p2

p1

p2 p1 p2 p1

UE Rx panel switch


Microsoft_Visio_2003-2010_Drawing4.vsd
Ds/2


Ds/2


Ds/2


p2


p1


p2


p1


p2


p1


UE Rx panel switch



image1.emf
0 200 400 600 800 1000 1200 1400 1600 1800 2000

-130

-120

-110

-100

-90

-80

-70

-60

-50

RxPower w/o UE beamforming [RRH M=8 N=8 beamtheta=0deg beamphi=0deg]

Location (meter) [Ds=700 Dmin=10]

RX Power (dBm)

 

  RRH1 RRH2 RRH3 RRH4

RRH-1, beam-1

RRH-2, beam-1

CPE-PC4 REFSENS -94dBm@100M


