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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 further discussed in last two RAN4 meeting (RAN4#100-e and #101-e), with the following contents related are agreed in the approved WFs [9, R4-2114976] and [10, R4-2120066] respectively on UE spherical coverage requirement, including the requirement framework and detailed requirements. 
Particularly, in the last RAN4 meeting (RAN#101-Bis-e), the following RF requirement related agreement is provided in the approved WF [11, R4-2202270]. 
	· <From Approved WF R4-2202270>

· WF1: Spherical Coverage Requirement and Framework
· Spherical coverage requirement framework – Requirement for one panel: 
· The following agreement achieved in GTW session (19th Jan), captured Chairman Notes and copied here for information: 
	Agreement: RAN4 shall not define core requirement for one-panel based spherical coverage requirement.


· Spherical coverage requirement – Coordination system
· The following agreement achieved in GTW session (19th Jan), captured Chairman Notes and copied here for information: 
	Agreement: use the absolution coordination system as well as Qualcomm proposals below as baseline
· The minimum EIRP measured over the spherical coverage evaluation areas specified below is defined as the spherical coverage requirement and is found in Table 6.2.1.6-3 below. UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a below, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex J.1. The requirement is verified with the test metric of EIRP (Link= Spherical coverage grid, Meas=Link angle).
Table 6.2.1.6-3: UE spherical coverage for power class 6
	Operating band
	Min EIRP over UE spherical coverage evaluation areas (dBm)

	n257
	TBD

	n258
	TBD

	n259
	TBD

	NOTE 1:   Minimum EIRP over UE spherical coverage evaluation areas is defined as the lower limit without tolerance
NOTE 2:   The requirements in this table are verified only under normal temperature conditions as defined in Annex E.2.1.


Table 6.2.1.6-3a: UE spherical coverage evaluation areas for power class 6
	
	θ range (degree)
	ϕ range (degree)

	Area-1
	90 to (90-theta_elev)
	-phi_az to + phi_az

	Area-2
	90 to (90-theta_elev)
	180-phi_az to 180+ phi_az

	NOTE 1: When testing power class 6 UEs, DUT orientation can be determined according to the UE spherical coverage evaluation areas, not necessarily following default alignment in Figure J.1-2 or positioning guidelines in clause J.3.
NOTE 2: High speed train deployment is expected to be w.r.t. the reference coordination system: θ = 90 (degree) corresponds to the ground plane the train is running on, and ϕ= 0 or 180 with θ = 90 are the train track directions.





· Spherical coverage requirement framework - Coverage region
· The following agreement achieved in GTW session (19th Jan), captured Chairman Notes and copied here for information: 
	Agreement: network signaling is provided to configure UE to follow enhanced RRM requirement Set 2.


· Spherical coverage requirement – Coverage Region and x%-tile
· Way forward: 
· Use below region (provided in spherical coordination system) as the baseline for UE spherical evaluation areas: 
· Azimuth angle range (relative to 0 and 180 degree in spherical coordination system):   
· [[-37.5]degrees, [+37.5]degrees]
· Elevation angle:
·  [-15degrees, +15degrees] w.r.t. UE claimed boresight direction
· i.e., [90degrees, 90-30degrees] in spherical coordination system by assuming 15degree upper-tilted for panel’s boresight. 
· Companies are encouraged to provide evaluation on EIRP spherical coverage requirement over the above baseline for UE spherical evaluation areas. 
· Spherical coverage requirement - EIRP drop
· Way Forward: 
· FFS the spherical coverage requirement:
· FFS Set EIRP drop requirement to keep received power at gNB stable.
· FFS EIRP drop requirement for HST is -15dB.
· WF2 Beam Correspondence for FR2 HST UE 
· Issue 2-2-1: Side Condition for FR2 Power Class 6 UE Beam Correspondence Requirement
· The following agreement achieved in GTW session (19th Jan), captured Chairman Notes and copied here for information: 
	Agreement: 
· After RAN4 obtained PC6 EIS spherical coverage requirement, the side conditions for beam correspondence requirement can be derived according by: 
· Minimum SSB_RP = EIS spherical coverage(PC6, n259, 50MHz) - 10*log10(nrofRBs x 12) – SNR(at Refsens) + SSB Ês/Iot + ΔMBS 





In this contribution, we would like to further provide our viewpoints on UE RF requirement for FR2 HST UE in this contribution. 

2. Discussion for Remaining TX Requirement
2.1 FR2 PC6 UE TX Spherical Coverage Requirement – EIRP Drop
Based on the agreement from last meeting, it is agreed that the coverage region (defined in the spherical coordination system) should be: 
· Azimuth angle range (relative to 0 and 180 degree in spherical coordination system):   
· [[-37.5]degrees, [+37.5]degrees]
· Elevation angle:
·  [-15degrees, +15degrees] w.r.t. UE claimed boresight direction
· i.e., [90degrees, 90-30degrees] in spherical coordination system by assuming 15degree upper-tilted for panel’s boresight. 

By considering two panel’s spherical coverage regions (i.e., non-overlapping), the percentile ratio of spherical coverage region over the whole sphere can be calculated by:   

Where , , , and . It can be seen that the percentile ratio of spherical coverage region over the whole sphere is a function of boresight direction .
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Figure 1. The percentile ratio of spherical coverage region over the whole sphere, 
as a function of boresight elevation direction
Observation-1: The percentile ratio of spherical coverage region over the whole sphere is a function of boresight direction .
Observation-2: By taking [[-37.5°], [+37.5°]] for azimuth angle range and [-15°, +15°] w.r.t. UE claimed boresight direction in elevation angle range, the percentile ratio of spherical coverage region over the whole sphere is from 9.8% to 10.4%, by assuming the boresight elevation direction in the range of [65 degree, 75degree].

Next, by assuming the typical beambook to cover the desired spherical coverage region, the EIRP drop can be evaluated accordingly. In the 1st example, by assuming the boresight directions of two 4x4 panels as [theta = 75°, phi = 0°] and [theta = 75°, phi = 180°] respectively, and assuming the beambook with 3 or 6 fine beams per panel, the minimum EIRP spherical coverage dropped from the peak EIRP by 8.0dB or 5.1dB respectively. 
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Figure 2. Illustration of Spherical Coverage over the required region, with 3 or 6 fine beams per panel
By taking implementation margin into account, we propose to use 12dB to define the EIRP drop, which is the difference between peak EIRP and the minimum EIRP for spherical coverage over the required spherical coverage region. 
Proposal-1: For FR2 PC6 UE spherical coverage requirement, RAN4 adopt EIRP = 12dB, which is the difference between peak EIRP and the minimum EIRP for spherical coverage over the required spherical coverage region.

2.2 UE TX Minimum Output Power and Transmit Signal Quality
For the PC-dependent TX requirement for minimum output power and transmit signal quality, the corresponding requirement for PC6 UE shall be introduced. By considering TX beam peak direction is adopted for both requirements, and PC6’s minimum peak EIRP is comparable to PC5, we propose to reuse PC5’s requirement for both minimum output power and transmit signal quality. 
Proposal-2: For FR2 PC6 UE, RAN4 adopt the same requirement as FR2 PC5 UE for: 
· Minimum output power, and 
· Transmit signal quality.

2.4 FR2 PC6 UE TX Requirement for UL-MIMO
For UL-MIMO TX requirement, current FR2 UE requirement just follows the same requirement as the suffix-less counterpart numerically, by just have the requirement to be met in the setup of UL-MIMO or ULFPTx mode. Straightforwardly, the same principle can be applied for FR2 PC6 UE. 
Proposal-3: Similar to other power classes, RAN4 define UL-MIMO TX requirements for FR2 PC6 UE, by following the same requirement as PC6 single TX port requirement numerically. 

2. Discussion for Remaining RX Requirement
For EIS spherical coverage requirement, it is straightforward to be defined in the same spherical coverage region as introduced for TX. By employing the same value of EIRP drop, the EIS spherical requirement can be specified. 
Proposal-4: For EIS spherical coverage requirement, it is defined in the same spherical coverage region as introduced for TX spherical coverage.

Accordingly, the text proposal to introduce EIS spherical coverage can be found as below: 
<<< Start of TP for EIS Spherical Coverage >>>
7.3.4.6	EIS spherical coverage for power class 6
The reference measurement channels and throughput criterion shall be as specified in clause 7.3.2.6
The maximum EIS measured over the spherical coverage evaluation areas is defined as the spherical coverage requirement and is found in Table 7.3.4.6-1 below. UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a in clause 6.2.1.6, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex J.1. The requirement is verified with the test metric of EIS (Link=Spherical coverage grid, Meas=Link angle).
Table 7.3.4.6-1: EIS spherical coverage for power class 6
	Operating band
	Max EIS over UE spherical coverage evaluation areas (dBm) / Channel bandwidth

	
	50 MHz
	100 MHz
	200 MHz
	400 MHz

	n257
	[-80.6]
	[-77.6]
	[-74.6]
	[-71.6]

	n258
	[-80.8]
	[-77.8]
	[-74.8]
	[-71.8]

	n261
	[-80.6]
	[-77.6]
	[-74.6]
	[-71.6]

	NOTE 1:	The transmitter shall be set to PUMAX as defined in clause 6.2.4
NOTE 2:	The EIS spherical coverage requirements are verified only under normal thermal conditions as defined in Annex E.2.1.



The requirement shall be met for an uplink transmission using QPSK DFT-s-OFDM waveforms and for uplink transmission bandwidth less than or equal to that specified in Table 7.3.2.1-2.
Unless given by Table 7.3.2.1-3, the minimum requirements for reference sensitivity shall be verified with the network signalling value NS_200 (Table 6.2.3-1) configured.
<<< End of TP for EIS Spherical Coverage >>>


3. Conclusion
In this contribution, we further provided our discussion and viewpoint on spherical coverage requirement for train-roof-mounted UE in the high speed train deployment scenario in FR2. The following observations and proposals are provided accordingly: 
<Remaining TX requirement for FR2 PC6>
Observation-1: The percentile ratio of spherical coverage region over the whole sphere is a function of boresight direction .
Observation-2: By taking [[-37.5°], [+37.5°]] for azimuth angle range and [-15°, +15°] w.r.t. UE claimed boresight direction in elevation angle range, the percentile ratio of spherical coverage region over the whole sphere is from 9.8% to 10.4%, by assuming the boresight elevation direction in the range of [65 degree, 75degree].
Proposal-1: For FR2 PC6 UE spherical coverage requirement, RAN4 adopt EIRP = 12dB, which is the difference between peak EIRP and the minimum EIRP for spherical coverage over the required spherical coverage region.
Proposal-2: For FR2 PC6 UE, RAN4 adopt the same requirement as FR2 PC5 UE for: 
· Minimum output power, and 
· Transmit signal quality.
Proposal-3: Similar to other power classes, RAN4 define UL-MIMO TX requirements for FR2 PC6 UE, by following the same requirement as PC6 single TX port requirement numerically. 

<Remaining RX requirement for FR2 PC6>
Proposal-4: For EIS spherical coverage requirement, it is defined in the same spherical coverage region as introduced for TX spherical coverage.
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