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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on the last RAN4 meeting (RAN4#100-e) discussion, the following contents are agreed in the approved WF [2, R4-2108660].  
	The following agreement and conclusion were made on FR2 HST deployment scenario, captured in Chairman Notes and the approved WF [2]: 
·  Scenario-B
Comparison btw. uni- and bi-directional RRH deployments for Scenario-B: 
From signal strength and beam coverage perspective: 
FFS Bi-directional deployment’s advantage over uni-directional deployment based on deployment scenario analysis.
FFS only need to consider uni-directional deployment for Scenario-B
Number of Beam(s) for uni-directional (if confirmed to be used), Scenario-B: 
RRH parameter:
2 beams per RRH panel 
Other options not precluded
FFS the benefits of implementing more beams per RRH panel
UE parameter: 
1 beam per UE panel 
Other options not precluded
FFS the benefits of implementing more beams per UE panel
Schemes for Bi-directional deployment, Scenario-B: 
FFS based on last meeting’s WF:
· FFS the pros and cons between bi-directional deployment and uni-directional deployment
· FFS the potential issue of coverage when close to RRH locations. 
· Schemes above can be used as starting points for further analysis.

Number of Beam(s) for bi-directional (if confirmed to be used), Scenario-B:
RRH parameter:
2 beams per RRH panel 
Other options not precluded
FFS the benefits of implementing more beams per RRH panel
UE parameter: 
1 beam per UE panel 
Other options not precluded
FFS the benefits of implementing more beams per UE panel


In this contribution, we would like to further provide our analytical insight on link budget evaluation of FR2 high speed train deployment scenario-B. 
Uni-directional RRH Deployment for Scenario-B
As provided in [4], RRH beam number and UE beam number are analyzed from link budget perspective.  Simulation assumption and configuration listed in Appendix-1 in section 8.
Beam Number per RRH Panel

	Rx Power without UE beamforming
(2 beams per RRH panel)
	Rx Power without UE beamforming
(3 Beams per RRH Panel)
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Figure 2.2.1 RX power without UE RX beamforming for Uni-directional RRH deployment Scenario-B
Observation 1: For uni-directional RRH deployment in Scenario-B, above two beams per RRH panel would obtain better performance near the serving RRH site.  
Beam Number per UE Panel

	Rx Power with UE beamforming
(2 Beams per RRH Panel, 1 Beam per UE Panel)
	Rx Power with UE beamforming
(2 Beams per RRH Panel, 2 Beams per UE Panel)
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Figure 2.2.2 two beams per RRH and one beam per UE Panel
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Figure 2.2.3 two beams per RRH and two beam per UE Panel


Figure 2.2.2 and 2.2.3: RX power with UE RX beamforming for uni-directional RRH deployment Scenario-B

For “2 Beams per RRH Panel, 1 Beam per UE Panel”, UE boresight direction is pointed to the railway at the distance of 3/4*Ds, as details referred to Appendix-1.
For “2 Beams per RRH Panel, 2 Beam per UE Panel”, UE boresight direction is pointed to the railway at the distance of Ds, as details referred to Appendix-1. In our study, different boresight direction and beam direction setting are investigated, and one proper configuration is chosen as its link budget performance as shown in Figure 2.2.4.

Observation 2: For uni-directional RRH deployment in Scenario-B with 2 beams per RRH panel, 2 beams per UE panel can have 3dB performance improvement over 1 beam per UE panel for the region near to RRH site.  

	Rx Power with UE beamforming
(3 Beams per RRH Panel, 1 Beam per UE Panel)
	Rx Power with UE beamforming
(3 Beams per RRH Panel, 2 Beams per UE Panel)
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Figure 2.2.4 three beams per RRH and one beam per UE Panel
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Figure 2.2.5 three beams per RRH and two beam per UE Panel


Figure 2.2.4 and 2.2.5: RX power with UE RX beamforming for uni-directional RRH deployment Scenario-B

For uni-directional RRH deployment in Scenario-B with 3 beams per RRH panel, 1 beam per UE panel could not achieve good link budget performance which emphasize the necessity of 2 beams per UE panel for this case.
Another aspect is UE’s dwelling time of each beam: with three beams per RRH panel, the smallest beam dwelling time becomes even shorter, i.e. the shortest dwelling is about 0.29s (assuming 350kmph) as illustrated in Figure 2.2.5.
Observation 3: For uni-directional RRH deployment in Scenario-B with 3 beams per RRH panel, 2 beams per UE panel is more favoured. 
Based on the above analysis, it is suggested that RAN4 to adopt 2 beams per RRH panel and 1 beam per UE panel as the basis to define requirement for Scenario-B uni-directional RRH deployment. 
For uni-directional RRH deployment in Scenario-B, RAN4 adopt 2 beams per RRH panel and 1 beam per UE panel as the baseline to define requirement.
Bi-directional RRH Deployment for Scenario-B
For Bi-directional RRH Deployment for Scenario-B, RRH beam number and UE beam number are analyzed from link budget perspective.  Simulation assumption and configuration listed in Appendix-2 in section 9.
Beam Number per RRH Panel
	Rx Power without UE beamforming (Scheme 1)
(2 Beams per RRH Panel)
	Rx Power with UE beamforming (Scheme 2)
(3+2 Beams per RRH Site)

	[image: ]
Figure 3.1-1  two beams per RRH panel, Scheme-1
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Figure 3.1-2  two beams per RRH panel, and plus one beam for coverage hole, Scheme-2


Figure 3.1-1 and 3.1-2: RX power without UE RX beamforming, Scheme-1 and Scheme-2
For scheme-1 as demonstrated in Figure 3.1-1, from link budget performance and dwelling time, two beams per RRH panel can achieve good enough performance, while three or more beam per RRH panel is not recommended.
For scheme-2 as demonstrated in Figure 3.1-2, adding one beam to serve for coverage hole is preferrable, which is (3+2) beams per RRH sites.
For bi-directional deployment in Scenario B, if Scheme-1 adopted, 2 beams per RRH panel is adopted.  
For bi-directional deployment in Scenario B, if Scheme-2 adopted, (3+2) beams per RRH sites is adopted.
Beam Number per UE Panel
	Rx Power with UE beamforming (Scheme 1) 
(2 Beams per RRH Panel, 1 Beam per UE Panel)
	Rx Power with UE beamforming (Scheme 1) 
(2 Beams per RRH Panel, 2 Beams per UE Panel)

	

Figure 3.2-1.   1 Beam per UE Panel, Scheme-1
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Figure 3.2-2.   2 Beams per UE Panel, Scheme-1


Figure 3.2-1 and 3.2-2: RX power with UE RX beamforming, Scheme-1
For Scheme-1, Figure 3.2-1. and Figure 3.2-2., from link budget performance, two beams per UE panel have not much gain at expense of one more beam, UE beam assumption is shown in Table 9.3-1 Appendix-2.
Observation 4: For Bi-directional deployment for Scenario B, if Scheme-1 adopted, 1 beam per UE panel can achieve good enough performance.

	Rx Power with UE beamforming (Scheme 2) 
(3+2 Beams per RRH Site, 1 Beam per UE Panel)
	Rx Power with UE beamforming (Scheme 2) 
(3+2 Beams per RRH Site, 2 Beams per UE Panel)
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Figure 3.2-3.   1 Beam per UE Panel, Scheme-2
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Figure 3.2-4.   2 Beams per UE Panel, Scheme-2


Figure 3.2-3 and 3.2-4: RX power with UE RX beamforming, Scheme-2
For Scheme-2, Figure 3.2-3. and Figure 3.2-4., two beams per UE panel is better than one beam per UE panel from link budget performance perspective. UE beam assumption is shown in Table 9.3-2 Appendix-2.
Observation 5: For Bi-directional deployment for Scenario B, if Scheme-2 adopted, 2 beams per UE panel is more recommended.
Schemes for Bi-directional deployment, Scenario-B
As provided in Appendix-2 section 9.1, Scheme-1 and Scheme-2 are analyzed in this contribution, while Scheme-3’s link performance is similar to Scheme-2 but having more number of Tx beams, therefore it is not as a prioritized option for analysis.

For Bi-directional deployment for Scenario B, Scheme-1, link budget performance could always above -50dBm, that means, Scheme-1 could maintain a better Rx power even at the worst pathloss area. 
Observation 6: For Bi-directional deployment Scenario B, the lowest Rx power of Scheme-1 is better than Scheme-2.
Table 3.3   Comparison between Scheme-1 and Scheme-2, Bi-directional deployment Scenario B
	
	Scheme-1
	Scheme-2

	Link budget performance with UE beamforming for Rx power range
	-50dBm ~ -47dBm    (Figure3.2-1)
-50dBm ~ -45dBm    (Figure3.2-2)
	-54dBm ~ -44dBm   (Figure3.2-3)
-52dBm ~ -40dBm   (Figure3.2-4)

	minimum beam dwelling time（speed: 350km/h）
	1.23 sec.
	0.7 sec. for 1 beam per UE panel;  
1 sec. for 2 beams per UE panel;  

	RRH beam switch number per Ds
	2
	3

	propagation delay issue
	Propagation delay is changed continuously. (Figure3.3-1)
	Propagation delay change is much larger than CP length when the beam switch around coverage hole. (Figure3.3-2)
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Figure 3.3-1: Propagation delay for Scheme-1                                                           Figure 3.3-2: Propagation delay for Scheme-2
Observation 7: For Bi-directional deployment for Scenario B, Scheme-1 is better than Scheme-2 from beam management and propagation delay perspective.
Based on the simulation results analysis, the following proposals are reached: 
For bi-directional deployment in Scenario B, RAN4 adopt Scheme-1 as baseline.
For bi-directional deployment in Scenario B, RAN4 adopt 2 beams per RRH panel and 1 beam per UE panel as the baseline to define requirement.
Comparison btw. Uni- and Bi-directional RRH Deployments

	Rx Power with UE beamforming
(2 Beams per RRH Panel, 1 Beam per UE Panel)
	Rx Power with UE beamforming (Scheme1) 
(2 Beams per RRH Panel, 1 Beams per UE Panel)
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Figure 4-1.   2 beams per RRH and 1 beam per UE Panel 
for uni-directional RRH deployment
	
Figure 4-2.   2 beams per RRH and 1 beam per UE Panel 
for bi-directional RRH deployment, Scheme-1



The performance has been compared based on our above-mentioned proposals for uni-directional and bi-directional RRH deployments, i.e. two beams per RRH and one beam per UE Panel, for both uni-directional and bi-directional Scheme-1, as shown in Figure 4-1 and Figure 4-2.
Observation 8: For Scenario-B, bi-directional RRH deployment could obtain better link budget performance for the worst performance.
Limitation on RRH beam direction issue
In the last RAN4 meeting, it is proposed by some company to FFS RRH’s beam possible range of angle on azimuthal plan: 
· FFS RRH beam’s possible range of angle on azimuthal plane
· Option 1: Limit RRH beam angle w.r.t. boresight direction <= 40 degree to ensure UE reception signal quality in Scenario B. Exact limitation can varies with Dmin, but such limitation due to ensure UE reception quality needs to be taken into consideration for deployment.
· Other options for the range of angle are not precluded 
· Possible range of angle is not intended to restrict practical RRH deployment;
· Following information are encouraged to provide together with the simulation results: 
· RRH panel direction information;
· RRH beam(s) direction information.
· CPE boresight direction with reference to RRH panel 

In the previous meeting, it was agreed that at least 2 beams are used per RRH panel for both uni-directional and bi-directional RRH Deployment for Scenario-B. 
· For bi-directional RRH deployment with Scheme-1, neighboring RRHs’ beam coverage regions are interleaved. Hence, RRH beam angle is naturally limited, and for this case, we do not see the necessity of introducing restriction on RRH beam’s possible range of angle on azimuthal plane.
· For uni-directional RRH deployment and bi-directional RRH deployment Scheme-2, RRH beam angle can be required to be large for better coverage.
However, the study on the value of Ds_offset, which is used as study outcome of deployment scenario analysis and also serve as the basis for channel modeling, can implicitly limit the RRH beam direction, so there is no need to introduce additional restriction on RRH beam’s possible range of angle on azimuthal plane.
The value of Ds_offset implicitly limit the RRH beam direction, so there is no need to introduce additional restriction on RRH beam’s possible range of angle on azimuthal plane.
Conclusion
In this contribution, we further provided our discussion and viewpoint on Scenario-B for high speed train deployment in FR2. The following observations and proposals are provided accordingly: 
<Uni-directional RRH Deployment>
Observation 1: For uni-directional RRH deployment in Scenario-B, above two beams per RRH panel would obtain better performance near the serving RRH site.  
Observation 2: For uni-directional RRH deployment in Scenario-B with 2 beams per RRH panel, 2 beams per UE panel can have 3dB performance improvement over 1 beam per UE panel for the region near to RRH site.  
Observation 3: For uni-directional RRH deployment in Scenario-B with 3 beams per RRH panel, 2 beams per UE panel is more favoured. 
1. For uni-directional RRH deployment in Scenario-B, RAN4 adopt 2 beams per RRH panel and 1 beam per UE panel as the baseline to define requirement.
<Bi-directional RRH Deployment>
For bi-directional deployment in Scenario B, if Scheme-1 adopted, 2 beams per RRH panel is adopted.  
For bi-directional deployment in Scenario B, if Scheme-2 adopted, (3+2) beams per RRH sites is adopted.
Observation 4: For Bi-directional deployment for Scenario B, if Scheme-1 adopted, 1 beam per UE panel can achieve good enough performance.
Observation 5: For Bi-directional deployment for Scenario B, if Scheme-2 adopted, 2 beams per UE panel is more recommended.
Observation 6: For Bi-directional deployment Scenario B, the lowest Rx power of Scheme-1 is better than Scheme-2.
Observation 7: For Bi-directional deployment for Scenario B, Scheme-1 is better than Scheme-2 from beam management and propagation delay perspective.
For bi-directional deployment in Scenario B, RAN4 adopt Scheme-1 as baseline.
For bi-directional deployment in Scenario B, RAN4 adopt 2 beams per RRH panel and 1 beam per UE panel as the baseline to define requirement.
<Others>
Observation 8: For Scenario-B, bi-directional RRH deployment could obtain better link budget performance for the worst performance.
The value of Ds_offset implicitly limit the RRH beam direction, so there is no need to introduce additional restriction on RRH beam’s possible range of angle on azimuthal plane.
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Appendix-1: Uni-directional RRH Deployment for Scenario-B
Assumption for Analysis
The assumption for following analysis is provided in the following table, with the highlighted ones be the selected option or the alternative not captured in WF.
Table 8.1 Common Assumptions for Uni-directional RRH Deployment 
	Parameter
	Value

	Carrier frequency
	30 GHz

	Ds and Dmin
	Scenario-B: Ds = 700m and Dmin = 150m

	RRH parameters

	RRH height
	15 m

	RRH Tx Power
	31 dBm

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

	Number of RRH sites per BBU
	4

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

	Number of Analog Beams per RRH
	 2,3

	Propagation model
	RMa LOS

	UE parameters

	UE antenna height
	5m

	UE(PC4) antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]
5dBi per element antenna gain

	Number of Beams per CPE panel
	1，2



RRH Beam Angle Configuration
Table 8.2-1  Assumptions for 2 beams per RRH panel of Uni-directional RRH Deployment 
	Parameter
	2 beam per RRH panel

	RRH panel orientation
	RRH panel boresight pointed to the railway at the distance of Ds
- Down-titling: 1.2 degree
- Azimuth angle: 12.1 degree


	RRH beam-1
	beam point to the railway at the distance of about 240 meter
- beam theta: 2 degree
- beam phi: 20 degree

	RRH beam-2
	beam direction is same as RRH panel boresight direction.
- beam theta: 0 degree
- beam phi: 0 degree

	UE panel orientation for one UE beam
	UE panel boresight pointed to the railway at the distance of 3/4*Ds 
- Down-titling: 1.6 degree
- Azimuth angle: 15.9 degree 

	UE beam-1
	- beam theta: 0 degree
- beam phi: 0 degree

	UE panel orientation for two UE beam
	UE panel boresight pointed to the railway at the distance of Ds/2
- Down-titling: 2.3 degree
- Azimuth angle: 23.2 degree 

	UE beam-1
	beam direction is same as UE panel boresight direction.
- beam theta: 0 degree
- beam phi: 0 degree

	UE beam-2
	beam point to the railway at the distance of about Ds .
- beam theta: -1 degree
- beam phi: -11 degree



Table 8.2-2 Assumptions for 3 beams per RRH panel of Uni-directional RRH Deployment 
	Parameter
	3 beams per RRH panel

	RRH panel orientation
	RRH panel boresight pointed to the railway at the distance of Ds
- Down-titling: 1.2 degree
- Azimuth angle: 12.1 degree


	RRH beam-1
	- beam theta: 3 degree
- beam phi: 45 degree

	RRH beam-2
	beam point to the railway at the distance of about 240 meter
- beam theta: 2 degree
- beam phi: 20 degree

	RRH beam-3
	beam direction is same as RRH panel boresight direction.
- beam theta: 0 degree
- beam phi: 0 degree

	UE panel orientation for one UE beam
	UE panel boresight pointed to the railway at the distance of Ds 
- Down-titling: 1.2 degree
- Azimuth angle: 12.1 degree 

	UE beam-1
	- beam theta: 1 degree
- beam phi: 15 degree

	UE panel orientation for two UE beam
	UE panel boresight pointed to the railway at the distance of Ds
- Down-titling: 1.2 degree
- Azimuth angle: 12.1 degree 

	UE beam-1
	- beam theta: 2 degree
- beam phi: 30 degree

	UE beam-2
	- beam theta: 0 degree
- beam phi: 0 degree


                                                 
Appendix-2: Bi-directional RRH Deployment for Scenario-B
Background for Three Schemes for Bi-directional Deployment
In last meeting, three candidate schemes for Bi-directional deployment for Scenario-B are discussed, and the illustration of three schemes are captured in WF [1, R4-2106100] for information, i.e., 
- Scheme-1: Connecting to 2nd-Nearest RRH;
- Scheme-2: Connecting to Nearest RRH except Coverage Hole.
- Scheme-3: Connecting to Nearest RRH except the area under the RRH.



       
Figure 9.1-1 Scheme-1: Connecting to 2nd-Nearest RRH                                 Figure 9.1-2 Scheme-2: Connecting to Nearest RRH except Coverage Hole
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Figure 9.1-3 Scheme-3: Connecting to Nearest RRH except the area under the RRH
Scheme-1 and Scheme-2 are analyzed in this contribution, while Scheme-3’s link performance is similar to Scheme-2 but having more number of Tx beams, therefore it is not as a prioritized option for analysis.
Assumption for Analysis
By following the assumption agreed in WF [1, 4], the assumption for following analysis is provided in the following table, with the highlighted ones be the selected option or the alternative not captured in WF. 
Table 9.2 Common Simulation Assumption and Configuration
	Parameter
	Value

	Carrier frequency
	30 GHz

	Ds and Dmin
	Scenario-B: Ds = 700m and Dmin = 150m

	RRH parameters

	RRH height
	15 m

	RRH Tx Power
	31 dBm

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

	Number of RRH sites per BBU
	4

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

	Number of Analog Beams per RRH
	 2,3

	Propagation model
	RMa LOS

	UE parameters

	UE antenna height
	5m

	UE(PC4) antenna array model
	[Mg, Ng, M, N, P]=[1, 1, 4, 4, 2]
5dBi per element antenna gain

	Number of Beams per CPE panel
	1，2



RRH Beam Angle Configuration
Table 9.3-1 Assumptions for Bi-directional RRH Deployment, Scheme-1
	Parameter
	2 beam per RRH panel

	RRH panel orientation
	RRH panel boresight pointed to the railway at the distance of Ds
- Down-titling: 1.2 degree
- Azimuth angle: 12.1 degree


	RRH beam-1
	beam point to the railway at the distance of about Ds/2
- beam theta: 1 degree
- beam phi: 11 degree

	RRH beam-2
	- beam theta: 0 degree
- beam phi: 0 degree

	UE panel orientation for one UE beam
	UE panel boresight pointed to the railway at the distance of Ds 
- Down-titling: 1.2 degree
- Azimuth angle: 12.1 degree 

	RRH beam-1
	- beam theta: 0 degree
- beam phi: 0 degree

	UE panel orientation for two UE beam
	UE panel boresight pointed to the railway at the distance of  3/4*Ds
- Down-titling: 1.6 degree
- Azimuth angle: 15.9 degree 

	RRH beam-1
	- beam theta: 2 degree
- beam phi: 25 degree

	RRH beam-2
	- beam theta: 0 degree
- beam phi: 0 degree



Table 9.3-2 Assumptions for Bi-directional RRH Deployment, Scheme-2
	Parameter
	2 beam per RRH panel plus 1 beam

	RRH panel orientation
	RRH panel boresight pointed to the railway at the distance of Ds/4
- Down-titling: 3.7 degree
- Azimuth angle: 40.6 degree

	RRH beam-1
	- beam theta: 0 degree
- beam phi: 0 degree

	RRH beam-2
	- beam theta: -2 degree
- beam phi: -20 degree

	RRH beam-3
(additional one)
	- beam theta: -3 degree
- beam phi: -30degree

	UE panel orientation for one UE beam
	UE panel boresight pointed to the railway at the distance of 400m 
- Down-titling: 2.0 degree
- Azimuth angle: 20.0 degree 

	RRH beam-1
	- beam theta: 0 degree
- beam phi: 0 degree

	UE panel orientation for two UE beam
	UE panel boresight pointed to the railway at the distance of 240m
- Down-titling: 3.0 degree
- Azimuth angle: 32.0 degree 

	UE beam-1
	- beam theta: 0 degree
- beam phi: 0 degree

	UE beam-2
	- beam theta: -2 degree
- beam phi: -25 degree
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