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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]). UE RF requirement for HST scenarios in FR2 has been discussed in last RAN4 meeting (RAN4#98-e), with the following contents related are agreed in the approved WF [5, R4-2103240]. 
	· The following agreement and conclusion were made on UE RF core requirement, captured in the approved WF [3]. 
· Baseline power class and UE RF requirement for FR2 HST: 
· FFS FR2 HST UE (roof-mounted UE type) RF requirement,  
· Follow Rel-15/16 principle of “only one panel to TX/RX at a time”
· Take FR2 PC4 requirement as baseline for discussion: 
· FFS spherical coverage requirement and min peak EIRP requirement, based on implementation limitation
· Beam correspondence: 
· For FR2 HST UE (roof-mounted UE type), Beam Correspondence requirement is FFS, following aspect can be considered: 
· How to handle the RF requirements on beam correspondence bit 1 and bit 0 UE capability, based on deployment scenario study;
· FFS the side condition for Beam Correspondence requirement for FR2 HST UE.


Accompanying our contribution on FR2 HST deployment scenario given in this meeting [6, 7], we would like to further provide our viewpoints on remaining issues for baseline power class and FR2 UE RF requirement. 

2. Discussion
2.1 Observations from FR2 HST Deployment Study
Based on our accompanying discussion paper on FR2 HST deployment study, we provide the following observations which may have impact on UE RF requirement: 
- For Uni-directional RRH deployment: 
Observation 1: For uni-directional RRH deployment in Scenario-A, no matter 1TX or 2TX beams per RRH panel, UE only needs 1 RX beam to achieve satisfactory coverage. 
Observation 2: For uni-directional RRH deployment in Scenario-B, with 2TX beams per RRH panel, UE only needs 1 RX beam to achieve satisfactory coverage. 
Observation 3: For uni-directional RRH deployment in Scenario-A & B, UE’s RX beam may be directed opposite to RRH boresight direction for better coverage. 
- For Bi-directional RRH deployment: 
Observation 4: For bi-directional RRH deployment in Scenario-A and B, UE needs at least 2 RX beam (forward and backward respectively) to achieve satisfactory coverage. 
Observation 5: For bi-directional RRH deployment in Scenario-A and B, UE’s RX beams’ direction may be directed opposite to RRH boresight direction for better coverage. 
2.2 Baseline power class 
Based on the above observations from FR2 HST deployment study, for uni-directional RRH deployment, UE only need to have one panel to generate the TX/RX beam either forward or backward, in the condition of UE moving toward or away from the serving beam, as illustrated in figure 1(a) and 1(b). 


Figure 1 (a). Illustration of Uni-directional HST Deployment Alt-1: UE Moving towards Serving Beam


Figure 1 (b). Illustration of Uni-directional HST Deployment Alt-2: UE Moving Away from Serving Beam
However, to guarantee flexible deployment, it is better if UE can be equipped with two panels to support both directions, i.e., forward and backward. 
Observation-1: For UE operating in uni-directional RRH deployment, UE can be equipped with two panels to support both directions (i.e., forward and backward) to guarantee UE’s flexible operation, either moving towards or away from serving beam.

For bi-directional RRH deployment, as illustrated in the following figure, it is straightforward for UE’s beambook to support forward and backward directions, based on two panels. 


Figure 2. Illustration of Bi-directional HST Deployment
Observation-2: For UE operating in bi-directional RRH deployment, UE’s beambook is required to support both directions (i.e., forward and backward) to Dynamic Point Selection (DPS) operation.

Therefore, it is then suggested that RAN4 need to discuss how one UE type (i.e., power class 4) can have different set of RF requirements, each of which could be applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment. 
Proposal-1: RAN4 need to study how one UE type (i.e., power class 4) can have different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.

2.3 Considerations for UE RF requirements 
In last meeting, RAN4 agreed to take FR2 PC4 requirement as baseline for discussion, and it is FFS spherical coverage requirement and min peak EIRP requirement, based on implementation limitation. 
For minimum peak EIRP, it is needed to further align companies’ input based on the following template as we did for other power classes.
Observation-3: To evaluate minimum peak EIRP, companies needs to provide input for alignment based on below template. 
Table 1. Template for minimum peak EIRP
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss 
including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD



Based on the original discussion on PC4 during RAN4#87 in Y2018, companies proposed to use 4x4 antenna elements in array, which is also the basis for FR2 HST deployment study. Therefore, we propose to use that as the baseline to define RF requirement. 
Proposal-2: By taking FR2 PC4 requirement as baseline, 4x4 antenna elements per panel is assumed for RF requirement definition. 

For spherical coverage requirement, as specified in Rel-15 NR standard, power class 4 is regarded as the high-power UE type with the much improved spherical coverage performance from UE RF perspective and full mobility support as PC3 from RRM perspective. However, as analyzed in the above Section 2.1, only one beam in the beambook formed by one UE panel can be enough for satisfactory cellular coverage along the HST track, based on that, the currently 80% percentage spherical coverage requirement is not necessary.
Observation-4: Based on FR2 HST deployment study, the 80% percentile point for FR2 PC4 UE to guarantee 80% portion of spherical coverage is not necessary. 
Proposal-3: RAN4 reconsider FR2 HST UE’s spherical coverage requirement by assuming two panels with very limited number of beams for each panel. 
3. Conclusion
In this contribution, we further provided our discussion and viewpoint on UE RF for high speed train deployment scenarios in FR2. The following observations and proposals are provided accordingly: 
Observation-1: For UE operating in uni-directional RRH deployment, UE can be equipped with two panels to support both directions (i.e., forward and backward) to guarantee UE’s flexible operation, either moving towards or away from serving beam.
Observation-2: For UE operating in bi-directional RRH deployment, UE’s beambook is required to support both directions (i.e., forward and backward) to Dynamic Point Selection (DPS) operation.
Proposal-1: RAN4 need to study how one UE type (i.e., power class 4) can have different set of RF requirements, each of which is applicable under certain deployment scenario, e.g., uni-directional or bi-directional RRH deployment.
Observation-3: To evaluate minimum peak EIRP, companies needs to provide input for alignment based on below template. 
Table 1. Template for minimum peak EIRP
	Parameter
	Unit
	Freq. range
24.25-29.5 GHz

	P_out per element
	dBm
	TBD

	# of antennas in array
	
	TBD

	Total conducted power per polarization
	dBm
	TBD

	Avg. antenna element gain
	dBi
	TBD

	Antenna roll-off loss vs frequency
	dB
	TBD

	Realized antenna array gain
	dBi
	TBD

	Polarization gain
	dB
	TBD

	Mismatch and transmission line loss 
including load pull
	dB
	TBD

	Beam forming loss (phase shifter and amplitude error)
	dB
	TBD

	Finite beam table
	dB
	TBD

	Beam forming loss (one beam table fits all)
	dB
	TBD

	Form-factor integration losses
	dB
	TBD

	Total implementation loss (worst-case)
	dB
	TBD

	Peak EIRP (Minimum)
	dBm
	TBD



Proposal-2: By taking FR2 PC4 requirement as baseline, 4x4 antenna elements per panel is assumed for RF requirement definition. 
Observation-4: Based on FR2 HST deployment study, the 80% percentile point for FR2 PC4 UE to guarantee 80% portion of spherical coverage is not necessary. 
Proposal-3: RAN4 reconsider FR2 HST UE’s spherical coverage requirement by assuming two panels with very limited number of beams for each panel. 
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