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Introduction
In RAN4 #98bis-e meeting, the RF requirement was discussed and a WF was approved [1]. In this contribution, we provide our view on open issues.
Discussion
UE EIRP analysis
In high speed scenario, we consider one CPE serves the entire cabin with multiple handheld devices. To maintain a satisfactory service quality for all the UEs, the CPE must provide sufficient throughput along the route at any point. Since UE is the bottleneck due to UE TRP constraint, we consider UL analysis in the following. We propose to consider supporting MCS 26 in the ideal case considered in FR2 HST, i.e., spectrum efficiency of 5.1. From

We can derive the SNR required to achieve spectrum efficiency of 5.1 per RE is 15.2 dB. 
Proposal 1: FR2 HST UE has to support at least 15.2dB SNR and 5.1 bits per RE spectrum efficiency with RMaLOS pathloss model.
Even if in practice, UE may experience pathloss worse than RMaLOS as assumed in RAN4 study in some deployment scenarios, MCS slightly smaller than MCS 26 can provide good service to the UEs in the cabin.
Next, we analyze UL link budget to derive the EIRP to guarantee the SNR to be always above 15.2 dB. Based on the agreement we had in the previous meeting, we consider 8x8 RRH antenna elements and 4x4 UE antenna elements. Following the analysis we presented in [2,3], farthest distance an RRH should cover is 780m, and with the largest Dmin = 150m among all the considered scenarios, the pathloss in RMaLOS model is -121.2dB. The RRH antenna gain in the peak direction can be estimated by

We assume RRH boresight direction points to the farthest coverage point. Consider 100MHz bandwidth with noise figure 12dB, we can estimate the noise as

Then the peak received SNR (in dB) at RRH is
 
Note that we include  term to account of the possible loss compared to peak EIRP due to misalignment between RRH direction w.r.t. UE boresight direction, which is assumed to be aligned to the track. Dmin = 150m leads to largest . Then we can derive the peak EIRP to achieve 15.2dB SNR:

Therefore, we propose the following:
Proposal 2: Set EIRP = 31.2dBm for FR2 HST UE.
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.
In the previous meeting, the proponent of bit-0 UE argued that “300km/h is considered for FR2 HST, the train move across 2 adjacent RRHs requires for about 1-2s, which is enough for UE to switch the beam from RRH1 to RRH2, even with the SRS sweep time”. This argument assumes only one beam switch when UE travels from one RRH to another. However, when Dmin = 150m and bi-directional model is considered, up to 10 beam switches can be performed to optimize the throughput. In this case, unless we exclude the bi-directional model with Dmin = 150m, bit-1 UE should be mandatory.
Observation 2: Bit-0 UE is not applicable to at least Dmin = 150m bi-directional model due to frequent beam switching.
Proposal 3: Consider only bit-1 UE in FR2 HST.
Spherical coverage of UE
Spherical coverage requirement depends on the scenario being considered. We first analyze the phi (azimuthal) angle. In [3], we proposed the following based on the feasibility analysis:
The RRH beam with largest angle to boresight direction is at 40 degree on azimuthal plane
Proposal 4: The RRH beam with largest angle to boresight direction is at 40 degree on azimuthal plane.
With the above proposal, when UE is passing an RRH (the target RRH in the figure), we plot the SNR comparison for target RRH beam and the source RRH (the previous RRH in the figure) beam. We use Dmin = 150m to evaluate the following results. 
 Dmin

Ds
Source RRH
Target RRH

[image: ]
We can observe that only when UE is >70m away from the passing RRH, target RRH power exceeds the source RRH. The RRH angle w.r.t. the track direction at 70m is 64 degrees, which is shown in the below figures. Therefore, we can conclude that in FR2 HST scenario we considered, signals coming to UE are with 64 degrees w.r.t. the track direction. Note that when Dmin < 150m, the above conclusion on RRH direction w.r.t. UE still holds with similar analysis. The spherical coverage and RRH switching point should be derived according to the above analysis, as proposed in the following:
Proposal 5: Based on the UE beam pattern analysis with the agreed antenna configuration starting point, spherical coverage on azimuthal plane should consider range within 64 degrees on one RRH direction in one side, regardless of Dmin.

Dmin
x


Ds




Dadd
RRH 0
RRH 1

[image: ]

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 = [-64, 64] and theta range = [0,60]. In spherical coordination system, the polar angle range is [30,90] and azimuthal angle range is [-64,64]. Note that we add larger margin to theta because it is calculated based the height difference between the RRH and UE. 
Proposal 6: For the agreed FR2 HST scenarios, azimuth angle range = [-64 64] 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 7: UE is considered to consist of 2 back to back panels.
Proposal 8: The spherical coverage requirement shall be 30% with 2 back to back panels.
Conclusion
Proposal 1: FR2 HST UE has to support at least 15.2dB SNR and 5.1 bits per RE spectrum efficiency with RMaLOS pathloss model.
Proposal 2: Set EIRP = 31.2dBm for FR2 HST UE.
Observation 1: Large UE beam switch/measurement delay significantly degrades UE performance under FR2 HST scenario.
Observation 2: Bit-0 UE is not applicable to at least Dmin = 150m bi-directional model due to frequent beam switching.
Proposal 3: Consider only bit-1 UE in FR2 HST.
Proposal 4: The RRH beam with largest angle to boresight direction is at 40 degree on azimuthal plane.
Proposal 5: Based on the UE beam pattern analysis with the agreed antenna configuration starting point, spherical coverage on azimuthal plane should consider range within 64 degrees on RRH direction in one side, regardless of Dmin.

Proposal 6: For the agreed FR2 HST scenarios, azimuth angle range = [-64 64] and polar angle range = [30,90] are enough to cover the possible RRH directions from UE perspective.
Proposal 7: UE is considered to consist of 2 back to back panels.
Proposal 8: The spherical coverage requirement shall be 30% with 2 back to back panels.
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