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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]). The deployment scenarios for HST in FR2 have been further discussed in last RAN4 meeting (RAN4#98-e), with the following two scenarios agreed [5, R4-2103240]: 
	Scenario
	Ds (meter)
	Dmin (meter)
	Prioritization
	Note

	A
	700
	10
	Prioritised
	Changed from Original Scenario-2

	B
	700
	150
	Prioritised
	New Scenario (same as FR1 deployment)


In this contribution, we would like to further provide our viewpoints on deployment Scenario-B, along with the accompanying discussion paper on Scenario-A [6]. 

2. Uni-directional RRH Deployment for Scenario-B
2.1 Assumption for Analysis
By following the assumption agreed in WF [5, R4-2103240], 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 2.1-1 Assumption for Uni-directional RRH Deployment 
	Parameter
	Value

	Carrier frequency
	28 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, 4, 8, 2]
[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
 [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2] 
Newly updated beamforming parameters in WF.

	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)

Accordingly, for Scenario-B: 
                 - Azimuth angle: 12.1 degree 
           - Down-titling: 1.2degree

	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 Note1

	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 degree
Down-titling: 1.2degree



2.2 Analyitical Evalution
2.2.1 Single-Beam-per-Panel 
By adopting one beam per RRH panel, i.e., the beam direction is the same as RRH boresight direction, the received power’s trends along the HST track are provided in Figure 2.2.1-1/2/3. It should be noted that only one RX beam is considered in the below analysis. 
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Figure 2.2.1-1 RX power w./without UE RX beamforming, Single-Beam-per-Panel, [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
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Figure 2.2.1-2 RX power w./without UE RX beamforming, Single-Beam-per-Panel, [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
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Figure 2.2.1-3 RX power w./without UE RX beamforming, Single-Beam-per-Panel, [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
For Scenario-B uni-directional RRH deployment, without UE beamforming, it is observed that around 20dB higher than QPSK Reference for all three RRH panel configurations, illustrated by Figure 2.2.1-1, 2 and 3. To compared with Scenario-A for around 30dB margin as demonstrated in our accompanying discussion paper, Scenario-B is more challenging in terms of coverage. 
Particularly, if we also adopt that Option-1 for RRH panel orientation, i.e., RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway), it can be observed that the main lobe’s coverage region is smaller compared with Scenario-A, which will push the beam switching point away from the serving RRH. For example, if we look at RRH panel model [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2], the RRH coverage region by RRH-1 at origin is ~457 meters from the RRH site, which means the region from origin to ~457m needs to be covered by its neighboring RRH. 
Observation 1: For uni-directional RRH deployment in Scenario-B, with single beam per RRH utilized, there is around 20dB margin compared against PC4 REFSENS requirement, which is 10dB lower than Scenario-A.  

2.2.2 Dual-Beam-per-Panel 
Similar to Scenario-A, we want to evaluate how much enhancement we can obtained if one additional beam is implemented on each RRH panel, with other parameters not changed. Based on the results from Section 2.2.1, the direction of the newly added beam needs to point to the region near to RRH, where the coverage is problematic. 
For instance, if the newly add beam (in below figure denoted by beam-1) is directed to the point near to its RRH, e.g., with  degree and  degree relative to boresight direction for [M, N] = [4, 8]. The beam-2 in the below figure denotes the same beam used in single-beam-per-Panel deployment, with  degree and  degree, i.e., the same as boresight direction. 
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Figure 2.2.2-1 RX power w./without UE RX beamforming, Dual-Beam-per-Panel, [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
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Figure 2.2.2-2 RX power w./without UE RX beamforming, Dual-Beam-per-Panel, [Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
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Figure 2.2.2-3 RX power w./without UE RX beamforming, Dual-Beam-per-Panel, [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

For Scenario-B, with uni-directional RRH deployment two-beam-per-panel, the newly added beam (i.e., beam-2) helps to provide the signal coverage for the region near to RRH site. From the left figure to the right one, because the fixed RX beamforming is oppositely directed toward the RRH panel boresight direction, beam-2 obtain more RX beamforming gain compared with beam-1. However, even without UE Rx beam sweeping, Rx power for RRH’s beam-1 is not worse than beam-2, so UE boresight direction is fixed to RRH’s beam-2 is reasonable configuration. 
Observation 2: For uni-directional RRH deployment in Scenario-B, with 2 beams used per RRH panel, the cellular coverage over the region near to RRH site can be significantly enhanced, even for one fixed RX beam used in UE side.  

2.3 Beam Switching Point and Beam Dwelling Time
Similar to the counterpart for Scenario-A in our accompanying paper [6], here we provide the simulation results for the switching points between RRHs for single-beam-per-panel, described in section 2.3.1, and for dual-beam-per-panel deployments, the similar method is followed, “Ds_offset” value for dual-beam-per-panel deployments is omitted here. More detailed interpretation for “Switch Point” and “Ds_offset” referring to section 2.3.1 in [6].
2.3.1 Switch Point Determination for HST-DPS Channel Modeling
Table 2.3.1-1 Beam Switch Point for Single-Beam-per-Panel, Alt-1: UE moving away from serving beam
	
	RRH antenna array model

	
	[Mg, Ng, M, N, P]
=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]
=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]
=[1, 1, 8, 16, 2]

	Ds_offset (meter)
(refer to Figure 2.3-1 in [6])
	370 + Ds
	373 + Ds
	457 + Ds



Table 2.3.1-2 Beam Switch Point for Single-Beam-per-Panel, Alt-2: UE moving away from serving beam
	
	RRH antenna array model

	
	[Mg, Ng, M, N, P]
=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]
=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]
=[1, 1, 8, 16, 2]

	Ds_offset (meter)
(refer to Figure 2.3-2 in [6])
	370
	373
	457



2.3.2 Beam Dwelling Time
Table 2.3.2-1 Beam Dwelling Time for Dual-Beam-per-Panel, Uni-directional RRH Deployment
	
	RRH antenna array model

	
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

	Uni-directional RRH
Two-beam-per-panel

	RRH beam1 dwelling distance(m)
	157
	155
	223

	
	RRH beam1 dwelling time(s)
	speed = 260km/h
	2.71
	2.15
	3.09

	
	
	speed = 350km/h
	1.61
	1.59
	2.29

	
	RRH beam2 dwelling distance(m)
	543
	545
	477

	
	RRH beam2 dwelling time(s)
	speed = 260km/h
	7.52
	7.55
	6.60

	
	
	speed = 350km/h
	2.59
	5.61
	4.91



Observation 3: For uni-directional RRH deployment for Scenario-B, the smallest beam dwelling time can be in the range of [1.61, 2.29] seconds for UE maximum speed of 350kmph.
3. Bi-directional RRH Deployment for Scenario-B
3.1 Two Schemes for Bi-directional Deployment
As analyzed in our discussion in last RAN4 meeting, for bi-directional RRH deployment, the cellular coverage could be a problem for the region near RRH, i.e., the nearest RRH can’t direct its beam into that region and thus making a coverage hole under each RRH site. 
To solve this issue of coverage hole under RRH site, we consider two possible schemes. 
- Scheme-1: Connecting to 2nd-Nearest RRH;
- Scheme-2: Connecting to Nearest RRH except Coverage Hole. 
And the detailed definition of Scheme-1 and 2 can be found in our accompanying discussion paper for Scenario-A [6]. 

3.2 Assumption for Analysis
By following the assumption agreed in WF [5, R4-2103240], 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
	28 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, 4, 8, 2]
[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
Newly updated beamforming parameters in WF.

	RRH panel orientation
	Option-1: RRH panel boresight pointed to the railway in the middle point between 2 RRHs
Scenario-A:Azimuth angle: 23.2 degree
Down-titling: 2.3 degree
(used for Scheme-2, described below)

Option-2: RRH panel boresight pointed to the railway at the distance of Ds (projection of the neighboring RRH on the railway)
Scenario-A: Azimuth angle: 12.1 degree
Down-titling: 1.2 degree
(used for Scheme-1, described below)

	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
	1, 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: 23.2 degree
Down-titling: 2.3 degree



3.3 Analyitical Evalution
3.3.1 Scheme-1: Connecting to 2nd-Nearest RRH, Single-Beam-per-Panel
By applying the scheme-1 illustrated in Section 3.1.1, the received power’s trends along the HST track are provided in Figure 3.3.1-1/2/3. 
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Figure 3.3.1-1 RX power w./without UE RX beamforming, Single-Beam-per-Panel, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
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Figure 3.3.1-2 RX power w./without UE RX beamforming, Single-Beam-per-Panel, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
	Rx Power without UE beamforming
	Rx Power with UE beamforming (Scheme-1)
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Figure 3.3.1-3 RX power w./without UE RX beamforming, Single-Beam-per-Panel, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
For Scenario-B, if scheme-1 used for bi-directional RRH deployment, around 20-25dB margin above PC4 REFSENS for [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] and [1, 1, 8, 8, 2], but significant performance loss is observed for narrower beam option, i.e., [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2], especially around the middle area between two RRHs.
Observation 4: For Scenario-B, if scheme-1 used for bi-directional RRH deployment, around 20-25dB margin above PC4 REFSENS for [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] and [1, 1, 8, 8, 2], but significant performance loss is observed for narrower beam option, i.e., [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2].
Accordingly, the following observation can be obtained: 
Observation 5: For Scenario-B, if scheme-1 bi-directional RRH deployment is used，
· For RRH panel configuration [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2], only single beam per RRH panel can’t provide satisfactory coverage.

3.3.2 Scheme-1: Connecting to 2nd-Nearest RRH, Dual-Beam-per-Panel
Based on the above Observation, it is straightforward to introduce additional beam per RRH panel to improve cellular coverage for the RRH track. Here we evaluate the performance enhancement by 2 beams per RRH panel. 
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Figure 3.3.2-1 RX power w./without UE RX beamforming, Dual-Beam-per-Panel, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
	Rx Power without UE beamforming
	Rx Power with UE beamforming (Scheme-1)
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Figure 3.3.2-2 RX power w./without UE RX beamforming, Dual-Beam-per-Panel, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
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Figure 3.3.2-3 RX power w./without UE RX beamforming, Dual-Beam-per-Panel, Scheme-1, 
[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]
By introducing the newly add beam (in below figure denoted by beam-1) to cover the region between two RRH sites (where the coverage is problematic based on the analysis in Section 3.3.1), the intended coverage for the region between two RRH sites can be much improved. 
Observation 6: For Scenario-B, if scheme-1 used for bi-directional RRH deployment, two beams per RRH panel can provide satisfactory coverage.

3.3.3 Scheme-2: Connecting to Nearest RRH except Coverage Hole
As provided in Section 3.1 for Scheme-2, i.e., UE connects to the nearest RRH except coverage hole region, it can be seen that Scheme-2 is not suitable for Scenario-B, becuase the mainlobe of RRH’s boresight beam for Scenario-B is far from the serving RRH, see section 3.3.1,  UE would receive the sidelobe of the RRH’s beams if scheme-2 is used,the loss of energy is obvious. 
Observation 7: For bi-directional RRH deployment in Scenario-B, the scheme-2 (connecting to nearest RRH except coverage hole) is not recommended to be used. 

3.4 Beam Dwelling Time
Similar to uni-directional RRH deployment, the coverage region by each RRH is provided as below. 

Table 3.4-1 Switch Point and Beam Dwelling Time for two-beam-per-panel
	
	RRH antenna array model

	
	[Mg, Ng, M, N, P]=[1, 1, 4, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 8, 2]
	[Mg, Ng, M, N, P]=[1, 1, 8, 16, 2]

	Bi-directional RRH

Two-beam-per-Panel
	RRH beam1 dwelling distance(m)
	187
	183
	166

	
	RRH beam1 dwelling time(s)
	speed = 260km/h
	2.59
	2.53
	2.30

	
	
	speed = 350km/h
	1.92
	1.88
	1.71

	
	RRH beam2 dwelling distance(m)
	163
	167
	184

	
	RRH beam2 dwelling time(s)
	speed = 260km/h
	2.26
	2.30
	2.55

	
	
	speed = 350km/h
	1.68
	1.72
	1.89



Observation 8: For bi-directional RRH deployment for Scenario-B, the beam dwelling time can be in the range of [1.68, 1.92] seconds for UE maximum speed of 350kmph.

3. 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: 
Observation 1: For uni-directional RRH deployment in Scenario-B, with single beam per RRH utilized, there is around 20dB margin compared against PC4 REFSENS requirement, which is 10dB lower than Scenario-A.  
Observation 2: For uni-directional RRH deployment in Scenario-B, with 2 beams used per RRH panel, the cellular coverage over the region near to RRH site can be significantly enhanced, even for one fixed RX beam used in UE side.  
Observation 3: For uni-directional RRH deployment for Scenario-B, the smallest beam dwelling time can be in the range of [1.61, 2.29] seconds for UE maximum speed of 350kmph.
Observation 4: For Scenario-B, if scheme-1 used for bi-directional RRH deployment, around 20-25dB margin above PC4 REFSENS for [Mg, Ng, M, N, P]=[1, 1, 4, 8, 2] and [1, 1, 8, 8, 2], but significant performance loss is observed for narrower beam option, i.e., [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2].
Observation 5: For Scenario-B, if scheme-1 bi-directional RRH deployment is used，
· For RRH panel configuration [Mg, Ng, M, N, P]=[1, 1, 8, 16, 2], only single beam per RRH panel can’t provide satisfactory coverage.
Observation 6: For Scenario-B, if scheme-1 used for bi-directional RRH deployment, two beams per RRH panel can provide satisfactory coverage.
Observation 7: For bi-directional RRH deployment in Scenario-B, the scheme-2 (connecting to nearest RRH except coverage hole) is not recommended to be used. 
Observation 8: For bi-directional RRH deployment for Scenario-B, the beam dwelling time can be in the range of [1.68, 1.92] seconds for UE maximum speed of 350kmph.
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