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Introduction
In RAN4 #98e meeting, the scope and deployment for FR2 HST was discussed and a WF was approved [1]. In this contribution, we provide our view on RF requirement.
Discussion
Beam correspondence
Based on the analysis in [2], beam dwelling time for FR2 HST is very short under the codebook (beam) design with good throughput performance, especially in scenario 2. In addition, optimal UE Rx beam switches happen in the middle of beam dwelling time of a DL beam from RRH (Figure 2-1 and 2-2). 
	Beam design
	Beam direction relative to boresight (one side)
RRH and UE are the same except 4
	Number of beams (two sides)
	Throughput ratio (w.r.t. beam design 2)

	1
	[0 15 30 45]
	7
	0.75

	2
	[0 7.5 15 22.5 30 37.5 45]
	13
	1

	3
	[0	3.75	7.50	11.25	15.00	18.75	22.50	26.25	30.00	33.75	37.50	41.25	45.00	]
	25
	1.06

	4
	RRH: [0 7.5 15 22.5 37.5] 
UE: [0 7.5 15 22.5 30 37.5 45]
	9 (RRH)/ 13 (UE)
	0.96



By comparing beam design 1 and 2 or 4, we can observe that throughput degrades a lot when UE can’t receive signal from the beam aligning with its direction relative to RRH. Since design 1 is a subset of design 2, the beam design 1 can represent the potential degradation of design 2 when large delay in beam switch is experienced and some of the beams are skipped. From comparison between beam design 1 and 2 throughput, we can observe that significant throughput loss is possible when UE experiences larger beam switch delay. Note that comparison between design 1 and 2 represents the extreme case that some of the beam is entirely skipped due to switch delay. However, we can observe from Figure 2-1 and 2-2 that beam dwelling times in design 2 (and 4) are small. Hence if beam switch delay occupies a significant portion of beam dwelling time, throughput degradation is close to throughput difference between design 1 and 2.
Observation 1: Large UE beam switch/measurement delay significantly degrades UE performance under FR2 HST scenario.
[image: ]
Figure 2‑1 Beam dwelling time for design 2
[image: ]
Figure 2‑2  Beam dwelling time for design 4
We can further deduce that bit-0 UE, which requires SRS beam sweep as part of UE beam selection procedure, suffers from significant performance degradation due to additional time using suboptimal UE beams. To minimize this impact, network has to schedule SRS right after DL beam management RS and significantly increases overhead leading to system capacity degradation. Therefore, we propose to consider bit-1 UE only in FR2 HST.
Proposal 1: Consider only bit-1 UE in FR2 HST.
Spherical coverage of UE
Spherical coverage requirement depends on the scenario being considered. As the analysis presented in [2], angular variations are different for different options of Dmin. The angular variations of horizontal and vertical angle (phi and theta) are plotted below for the two agreed scenarios in Figure 2-5 and 2-7. In [2] we also derive the SNR comparison between the beam from source and target RRH based on the proposed codebook design shown in the following table. We can observe from Figure 2-4 and 2-6 that in both scenario 1 and 2, the distance Z illustrated in Figure 2-3 required to have target RRH beam SNR exceeds source RRH beam SNR is > 80m. Note that the azimuthal angle can change fast when UE is in high speed in this area, therefore even if we add panels to RRH to cover this area, UE beam management can’t change beam fast enough to achieve better SNR from these added beams from target RRH. Therefore, the proposed deployment and codebook design for RRH is a reasonable choice from cost and efficiency perspective. If RRH doesn’t provide coverage in this area, the source RRH beam gain is much larger than target RRH beam gain. We can observe that source RRH beam SNR is 15dB below target RRH beam SNR when Z < 50m. Although different codebook designs than the proposed one in [2] may provide better UE beam gain, it is unlikely to fully make up such a large SNR different observed in our analysis, given it has a large angle from the agreed boresight direction. 
In the coordinate system of the UE, the z-axis is normal to the plane of the ground and pointed up, and the x-axis is along the length of the train. The plane of the rooftop of the train represents theta = 90. From the phi and theta figures, we can observe that for both scenarios, the angular range for phi is < 60 degrees when Z > 50m is considered. Since RRH can be on both sides of the tracks, we consider phi range as [-60,60].
	
	RRH beam direction relative to boresight
	UE beam direction relative to boresight

	Scenario 1
	[0]
	[0 7.5 15 22.5 30 37.5 45]

	Scenario 2
	[0 7.5 15 22.5 37.5]
	[0 7.5 15 22.5 30 37.5 45]



Z
Dmin


Ds
Source RRH
Target RRH

Figure 2‑3 Receive beams when UE passing an RRH
[image: ]Figure 2‑4 Beam SNR comparison from target and source RRH for scenario 1

[image: ]
Figure 2‑5 Angular variation in scenario 1
[image: ]
Figure 2‑6 Beam SNR comparison from target and source RRH for scenario 2
[image: ]
Figure 2‑7 Angular variation in scenario 2
The theta angle range is even smaller. However, theta depends on the different in high between UE and RRH, which may vary much across different deployment (example tunnels). Hence we consider theta range [0,60].
To summarize, we consider phi range = [-60, 60] and theta range = [0,60]. In spherical coordination system, the polar angle range is [30,90] and azimuthal angle range is [-60,60]. Note that we add larger margin to theta because it is calculated based the height difference between the RRH and UE. 
Observation 2: For the agreed FR2 HST scenarios, azimuth angle range = [-60, 60] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective.
The ratio of the sphere surface coverage in FR2 HST can be calculated as

This sphere coverage is for one panel. Consider RRH from two directions, UE needs two back to back panels and the sphere coverage is doubled. Note that the sphere coverage derived above aligns to fixed wireless access point requirement.
Proposal 2: UE is considered to consist of 2 back to back panels.
Proposal 3: The spherical coverage requirement shall be 30%.
Conclusion
Observation 1: Large UE beam switch/measurement delay significantly degrades UE performance under FR2 HST scenario.
Proposal 1: Consider only bit-1 UE in FR2 HST.
Observation 2: For the agreed FR2 HST scenarios, azimuth angle range = [-60, 60] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective.
Proposal 2: UE is considered to consist of 2 back to back panels.
Proposal 3: The spherical coverage requirement shall be 30%.
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