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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on the last RAN4 meeting (RAN4#98bis-e) discussion, the following contents are agreed in the approved WF [1, R4- R4-2106100].  
	The following agreement and conclusion were made on FR2 HST deployment scenario, captured in Chairman Notes and the approved WF [1]: 

· WF1: General assumption 
· RRH and UE Antenna Element Assumption
· Agreement in GTW Session (15th April, Thursday)
· RRH side: 
· Option-2: [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
· UE side:
· Option 1: N=4, M=4 with 2 polarizations as starting point, and other options not precluded pending on further discussion 
· RF session can trigger relevant discussion on RF requirements taking above agreements into account.
· UE antenna panel(s) for forward and backward directions
· RAN4 to consider CPE to be equipped with two panels pointed forward and backward along the track. 
· Detailed boresight directions of each panel can be adjusted based on companies’ analysis. 
· Number of CPE devices per train/carriage
· RAN4 requirement can be defined based on the baseline of 1 CPE device per train
· Necessity of JT in Scenario-A/B, for both Uni/Bi-directional RRH
· Option 1: Only DPS transmission mode considered for FR2 HST
· Option 2: Consider both DPS and JT/Full-SFN mode for HST FR2
· The benefits of JT/Full-SFN mode for HST FR2 should be clarified.
· RRH/UE boresight direction of Antenna Panel and beam direction
· RAN4 may not need to specify RRH/UE boresight direction of antenna panel and beam direction for deployment scenario study, but left for companies’ choice:
· RRH/UE boresight direction of antenna panel and beam direction information can be provided by individual company to accompany their deployment scenario analysis result, which can be captured in TR.
· Uni-directional operation: to update Note in previous WF (R4-2103240)
· NOTE: RAN4 focuses on 1 direction 1 train. If this opposite direction is completely symmetric, the 1 direction study can apply directly.
· WF4: Scenario-B, Uni-directional
· Number of Beam for uni-directional RRH deployment, Scenario-B
· For scenario-B, uni-directional, RRH parameter:
· Option-1: 1 beam per RRH panel 
· Option-2: 2 beam per RRH panel 
· Option-3: 3 beam per RRH panel 
· Option-4: 4 beam per RRH panel 
· Note: uneven separation between beams can be considered
· For scenario-B, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 
· RRH Beam switching point for uni-directional RRH deployment, Scenario-B
· Ds_offset: could be used as a performance requirements channel model parameter describing the relative offset distance of RRH switching point to the nearest RRH site location
· FFS the value of Ds_offset
· Beam dwelling time for uni-directional RRH deployment, Scenario-B:
· FFS the beam dwelling time by assuming UE maximum speed of 350kmph.
· WF5: Scenario-B, Bi-directional
· Candidate schemes for Bi-directional deployment for further analysis: 
· In some companies’ contributions, three schemes are proposed to solve “RRH-site” coverage issue for bi-directional deployment
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Scheme-1: Connecting to 2nd-Nearest RRH
[image: ]
Scheme-2: Connecting to Nearest RRH except Coverage Hole
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Scheme-3: Connecting to Nearest RRH except the area under the RRH
· For Scenario-B Bi-directional RRH deployment:
· 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
· FFS the pros and cons between di-directional and uni-directional deployment
· Schemes for Bi-directional deployment: 
· FFS how to solve coverage issue around RRH-site for bi-directional Scenario-B. 
· Number of Beam for bi-directional RRH deployment, Scenario-B
· For scenario-B, bi-directional, RRH parameter:
· Option-1: 1 beam per RRH panel 
· Option-2: 2 beam per RRH panel 
· Option-3: 3 beam per RRH panel 
· Option-4: 4 beam per RRH panel 
· Note: uneven separation between beams can be considered
· For scenario-B, uni-directional, UE parameter:
· Number of beam(s) per UE panel
· Option 1: 1 beam per UE panel 
· Option 2: 2 beams per UE panel 
· Option 3: 7 beams per UE panel
· 2 panels assumed to be implemented in the UE side; 
· Only the one active panel per UE can be used for Tx and Rx; and FFS whether another panel can be used for beam search 
· Beam dwelling time for bi-directional RRH deployment, Scenario-B:
· FFS the beam dwelling time by assuming UE maximum speed of 350kmph.
· Agreement in Chairman Notes under above WF [1]: 
· Additional agreements for slide 3 
· Necessity of JT in Scenario-A/B, for both Uni/Bi-directional RRH
· Option 1: Only DPS transmission mode considered for FR2 HST 


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
Link Performance Analysis
As provided in Appendix-1 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 not satisfactory especially for higher MCS, in terms of ~20dB margin over FR2 PC4 REFSENS requirement at the worst performance point as illustrated in following figure, which is only  ~11dB margin over FR2 PC4 spherical coverage requirement.  
[image: ]
Figure 2.1-1 RX power without UE RX beamforming, Scenario-B, Uni-directional, 1 beam per RRH panel
Observation 1: For uni-directional RRH deployment in Scenario-B, only one beam per RRH can’t provide satisfactory link performance especially for higher MCS.  

Consequentially, it is straightforward to adding more beams into RRH panel for better coverage performance, especially for the region near the active RRH site. By adding one additional beam, which is pointed to the railway location with the projection disctance of Ds/3 away, (i.e.,  degrees in Elevation direction and  degrees in Azimuth direction relative to RRH boresight direction), the coverage performance can be improved, as illustrated in the below figure: 
[image: ]
Figure 2.1-2 RX power without UE RX beamforming, Scenario-B, Uni-directional, 2 beams per RRH panel
Numerically, the worst link budget performance is improved greatly for the region near serving RRH, while the new worst point enjoy a RX signal strength with ~25dB over PC4 REFSENS. 
Observation 2: For uni-directional RRH deployment in Scenario-B, at least two beams per RRH are needed to provide satisfactory link performance.  
We further analyse the performance with RX beamforming into account, where both 1 beam and 2 beams per UE panel are considered, as illustrated as below. 
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Figure 2.1-3 RX power with UE RX beamforming, Scenario-B, Uni-directional, 1/2 beams per UE panel
Observation 3: For uni-directional RRH deployment in Scenario-B, one beam per UE panel can provide good performance and adding more beam(s) at UE side gives limited performance gain.  

RRH Switching Point 
As agreed in WF [1], the switching point and Ds_offset is defined as: 
	· RRH switching point for uni-directional RRH deployment, Scenario-B
· RRH switching point is where the UE switches from the source RRH beam to the target RRH beam based on maximizing SNR among detected beams.
· Ds_offset could be used as a performance requirements channel model parameter describing the relative offset distance of RRH switching point to the nearest RRH site location
· FFS the value of Ds_offset



Considering the numerical results given in Appendix-1, based on 8x8 panel at RRH side, 4x4 panel at UE side, 2 beams per RRH panel and 1 beam per UE panel, the beam switching point (determined by the crossing point of RX power of two neighboring RRHs) can be shown to be 169 meter, which can be used to determine channel modeling for performance requirement.
Proposal 1: For uni-directional RRH deployment in Scenario-B, Ds_offset  = 169 meters (to determine RRH switching point for channel modelling for performance requirement).  

For Scenario-B uni-directional deployment, as analyzed above, 2 beams per RRH panel is used, and it has been observed that the shorter beam dwelling time is 2.1s for 350kmph HST speed. 
Bi-directional RRH Deployment for Scenario-B
Link Performance Analysis
As provided in Appendix-2 for the detailed simulation assumption, we only consider Scheme-1 and Scheme-2. The reason Scheme-3 is not considered is because it has the performance similar to Scheme-2 but having more number of Tx beams, therefore it is not as a prioritized option for analysis. 
 
By comparing the link performance without UE beamforming, we found that Scheme-1 has better performance over Scheme-2, the reason is because of large Dmin applied in Scenario-B, the performance difference between RRH beam point to neighboring RRH site (in Scheme-1) and near its own region (in Scheme-2) is not obvious. On the contrary, the coverage hole problem in Scheme-2 is significant. 
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Figure 3.1-1 RX power without UE RX beamforming, Scenario-B, Bi-directional, 
Left figure: 2+2 beams per RRH site for Scheme-1; Right figure: 2+3 beams per RRH site for Scheme-2
Observation 4: For bi-directional RRH deployment in Scenario-B, Scheme-1 (connecting to 2nd-Nearest RRH) can provide satisfactory cellular coverage even with one less beam per RRH site, compared with Scheme-2 (Connecting to Nearest RRH except Coverage Hole). 




Figure 3.1-2 RX power with UE RX beamforming, Scenario-B, Bi-directional, 
Left figure: 1 beam per UE panel for Scheme-1; Right figure: 2 beam per UE panel for Scheme-2
Furthermore, we also evaluate the RX power after UE RX beamforming. It should be noted that only 1 beam is assumed for Scheme-1 and 2 beam is needed for Scheme-2, because in Scheme-2 the incoming signaling directions are quite different for the beam for coverage hole from other RRH beams. 
Observation 5: For bi-directional RRH deployment in Scenario-B, for satisfactory reception performance, at least one more beam per UE panel is needed for Scheme-2 compared with Scheme-1. 

At the expense of more beams at RRH site and UE side, the resultant RX power is better for Scheme-2, while the coverage hole around RRH site is still worse than Scheme-1. 
Observation 6: For bi-directional RRH deployment in Scenario-B, even at the expense of more beams at RRH site and UE side, Scheme-2 achieve better performance than Scheme-1, but the coverage hole around RRH site is still worse than Scheme-1.

Beam Dwelling Time
Next we evaluate the beam dwelling time for each RRH beams under both Scheme-1 and Scheme-2. The coverage region by each RRH is provided as below. 
Table 3.2 Beam Dwelling Time Bidirectional RRH deployment
	RRH beam index
	Beam Dwelling Time (s) (350km/h)

	
	Scheme-1
	Scheme-2

	1
	1.9
	1.3

	2
	1.7
	1.0

	3
	1.7
	1.0

	4
	1.9
	1.3

	5
	N/A
	2.5


Observation 7: For bi-directional RRH deployment, the minimum RRH beam dwelling time for Scheme-1 and Scheme-2 is in the range of around 1.0 - 1.7 seconds.  

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, only one beam per RRH can’t provide satisfactory link performance especially for higher MCS.  
Observation 2: For uni-directional RRH deployment in Scenario-B, at least two beams per RRH are needed to provide satisfactory link performance.  
Observation 3: For uni-directional RRH deployment in Scenario-B, one beam per UE panel can provide good performance and adding more beam(s) at UE side gives limited performance gain.  
Proposal 1: For uni-directional RRH deployment in Scenario-B, Ds_offset  = 169 meters (to determine RRH switching point for channel modelling for performance requirement).  
<Bi-directional RRH Deployment>
Observation 4: For bi-directional RRH deployment in Scenario-B, Scheme-1 (connecting to 2nd-Nearest RRH) can provide satisfactory cellular coverage even with one less beam per RRH site, compared with Scheme-2 (Connecting to Nearest RRH except Coverage Hole). 
Observation 5: For bi-directional RRH deployment in Scenario-B, for satisfactory reception performance, at least one more beam per UE panel is needed for Scheme-2 compared with Scheme-1. 
Observation 6: For bi-directional RRH deployment in Scenario-B, even at the expense of more beams at RRH site and UE side, Scheme-2 achieve better performance than Scheme-1, but the coverage hole around RRH site is still worse than Scheme-1.
Observation 7: For bi-directional RRH deployment, the minimum RRH beam dwelling time for Scheme-1 and Scheme-2 is in the range of around 1.0 - 1.7 seconds.  
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Appendix-1: Numerical Result for Uni-directional RRH Deployment for Scenario-B
Assumption for Analysis
By following the assumptions agreed in WFs [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 6.1-1 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]
Newly updated beamforming parameters in WF.

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

	Number of RRH sites per BBU
	4

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

	Number of Analog Beams per RRH
	1 or 2

	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

	UE panel orientation
	Direction is opposite to RRH boresight direction, i.e., 
Scenario-B: Azimuth angle: 12.1 degrees
Down-titling: 1.2 degrees



Numerical Results (1 Beam per UE/RRH Panel)
Firstly, we use only 1 beam per RRH panel, and the beam/boresight direction is pointed to the railway at the distance of Ds, the received power’s trends along the HST track are provided in Figure 6.2.1 (left side). It is noted that in below figure, “beamtheta = 0deg” and “beamphi = 0deg” indicate the full alignment between RRH boresight direction and the single beam’s direction.  
For UE side beamforming, 1 beam per panel is assumed for simplicity, and it is further 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). 

	Rx Power without UE beamforming
(1 beam per RRH panel)
	Rx Power with UE beamforming
(1 beam per RRH and UE Panel)

	[image: ]
	[image: ]


Figure 6.2.1 RX power w./without UE RX beamforming, 1 Beam per UE/RRH Panel, [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
                                                    
Numerical Results (2 Beams per RRH Panel, 1 or 2 Beam per UE Panel) 
Here we consider two beams per RRH panel, in which additional beam is added to alleviate the cell coverage near the serving RRH. Specifically, the detailed panel boresight and beam directions are provided as: 
(1) RRH panel boresight point to the railway location with the projection distance of Ds away (Down-titling: 1.2 degrees, Azimuth angle: 12.1 degrees), which is same as Section 6.2.
(2) RRH beam-1’s direction point to the railway location with the projection disctance of Ds/3 away, (i.e.,  degrees in Elevation direction and  degrees in Azimuth direction relative to RRH boresight direction). 
(3) RRH Beam-2’s direction is same as RRH boresight direction (i.e.,   degree in Elevation direction and  degree in Azimuth direction relative to RRH boresight). 
(4) UE boresight and beam directions are optimized as below for 1 or 2 beam per UE Panel: 
a) For 1 beam per UE panel: UE boresight/beam direciton is opposite to RRH beam-2’s direction to optimize coverage, i.e. Down-titling: 1.2 degrees, Azimuth angle: 12.1 degrees.
b) For 2 beam per UE panel: UE boresight direction is point to the railway location with the projection disctance of Ds/2 away (i.e. Down-titling: 2.3 degrees, Azimuth angle: 23.2 degrees), and UE beam-1’s direction is same as boresight direction, UE beam-2 point to the railway location with the projection disctance of Ds away, with   degree and  degrees. 

	Rx Power without UE beamforming
(2 Beams per RRH Panel)
	Rx Power with UE beamforming
(2 Beams per RRH Panel, 1 Beam per UE Panel)
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	Rx Power with UE beamforming
(2 Beams per RRH Panel, 2 Beam per UE Panel)
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Figure 6.2.2 RX power w./without UE RX beamforming, 2 Beams per RRH Panel, 1 or 2 Beam(s) per UE Panel, [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]

Appendix-2: Numerical Result for 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 7.1-1 Scheme-1: Connecting to 2nd-Nearest RRH                                 Figure 7.1-2 Scheme-2: Connecting to Nearest RRH except Coverage Hole
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Figure 7.1-3 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. 

	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]

	RRH panel orientation
	RRH boresight point to appropriate location

	Number of RRH sites per BBU
	4

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

	Number of Beams per RRH panel
	1, 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

	UE panel orientation
	Direction is opposite to RRH boresight direction


	Number of Beams per CPE panel
	1，2



Numerical Results (Scheme-1 with 2 Beams per RRH Panel, 1 Beam per UE Panel)
Specifically, Bi-directional Scheme-1 for 1 Beams per RRH Panel are listed in detail as below.
(1) RRH panel boresight to the railway location with the projection distance of Ds away, i.e., Down-titling: 1.2 degrees, Azimuth angle: 12.1 degrees.
(2) RRH beam-1’s direction point to Ds/2, with  degree and  degrees. And RRH beam-2’s direction is same as boresight, with  degree and  degree. 
(3) UE boresight direction is opposite to RRH boresight direction, and only one UE beam per panel, which is aligned with boresight direction.

	Rx Power without UE beamforming (Scheme1)
(2 Beams per RRH Panel)
	Rx Power with UE beamforming (Scheme1) 
(2 Beams per RRH Panel, 1 Beam per UE Panel)
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Figure 7.3-1 RX power w./without UE RX beamforming, two Beams per RRH Site, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
Numerical Results (Scheme-2 with 3+2 Beams per RRH Site, 2 Beams per UE Panel)
Specifically, Bi-directional Scheme-2 for 3+2 Beams per RRH Panel are listed in detail as below.
(1) One RRH panel has 3 beams, in which one additional beam among 3 is for neighbour RRH sites to improve coverage hole issue (below beam-3), while the other RRH panel has 2 beams: 
a) RRH panel boresight is pointed to the railway location with the projection distance of Ds/4 away, i.e., Down-titling: 3.7 degrees, Azimuth angle: 40.6 degrees.
b) RRH beam-1’s direction same as boresight, with  degree and  degree, beam-2’s direction point to near the Ds/2, with  degree and  degree. 
c) The additional beam for coverage hole is beam-3, whose direction is pointed to the railway location with the projection distance of Ds away, with  degree and  degree. 
(2) 2 beams per UE panel: 
a) UE panel boresight is pointed to the railway location with the projection distance of Ds/3 away, tilt angle: 3.1 degrees, Azimuth angle: 32.7 degrees.
b) UE beam-1’s direction same as boresight, with  degree and  degree;
c) UE beam-2’s direction point to near the Ds to consider the good RX beamforming for RRH beam-3, with  degree and  degree. 

	Rx Power with UE beamforming (Scheme2)
(3+2 Beams per RRH Site)
	Rx Power with UE beamforming (Scheme2) 
(3+2 Beams per RRH Site, 2 Beams per UE Panel)
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Figure 7.4-1 RX power w./without UE RX beamforming, 3+2 Beams per RRH Site, Scheme-2, 
[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
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