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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. 
	· <From Approved WF R4-2114976>
· WF2: Spherical Coverage
· Issue 2-2-1: Spherical coverage requirement framework
· [Background] Candidate options are discussed during GTW session on Aug 25th:
· Spherical coverage requirement framework for FR2 HST UE: 
· Option-1: Still follow Rel-15 NR spherical coverage requirement framework
· Option-2: Specify the spherical coverage for FR2 HST in terms of theta and phi range w.r.t. boresight direction.
· Note: The following agreement is achieved in GTW session on Aug 25th. 
· Agreement (GTW Aug 25th): 
· For spherical coverage requirement framework, specify the spherical coverage for FR2 HST in terms of theta and phi range w.r.t. boresight direction.
· Further discussion on theta and phi value
· UE should meet EIPR requirement for 100% percentage of test points within the theta and phi range with some tolerances
· If the problem is identified, go back to option 1.
· Issue 2-2-3: Spherical coverage requirement (EIRP drop)
· Agreement achieved in this WF:
· Candidate methods to decide EIRP drop:
· Option 1: 
· Set EIRP drop requirement to keep received power at gNB stable.
· Other option not precluded.

<From Approved WF R4-2120066>
· WF1: UE RF requirement framework and Power Class
· For UE RF requirement framework, the following agreement is achieved in GTW (Thursday, 4th Nov):
Agreement:
· The unified RF requirements for FR2 HST UE are defined except spherical coverage 
· FFS on spherical coverage requirements
· Option 1: use the union of the largest spherical coverage of theta and phi to define the unified requirements 
· Option 2: The unified RF requirement for FR2 HST UE is defined based on one particular scenario requiring the largest spherical coverage. 
· For UE RF requirement framework, the following agreement is achieved in GTW (Friday, 12th Nov):
Agreement: The assumption that UE has two panels, i.e., back-to-back panels, will be used to derive spherical coverage requirements.
· Further discuss whether one panel based spherical coverage requirement will be specified
· FFS on whether to mandate two panels.
· WF3: Spherical coverage
· The following agreement is achieved in GTW (Thursday, 11th Nov):  
Agreement:
· Directions of antenna panels: 
· Boresight directions for forward and backward panels shall be declared by UE


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

2. Discussion
2.1 UE RF Requirement Applicability for Spherical Coverage
In last RAN4 meeting, it is agreed that “the unified RF requirements for FR2 HST UE are defined except spherical coverage”, which is majorly based on the intention to avoid the fragmentation of introducing different sets of UE requirement for different Scenarios. Then the remaining issue for unified RF requirement is for spherical coverage. 
Obviously, it is the group’s intention to define a unified RF requirement also for spherical coverage, while there are two options proposed in last meeting for how to define the unified spherical coverage requirement as follows: 
	· Option 1: use the union of the largest spherical coverage of theta and phi to define the unified requirements 
· Option 2: The unified RF requirement for FR2 HST UE is defined based on one particular scenario requiring the largest spherical coverage. 



It should be noted that from RRM session’s GTW agreement, RRM session agreed to define two sets of enhanced RRM requirements in terms of number of RX beams (i.e. RX beam sweeping scaling factor) per UE, and from RRM requirement perspective, “no separate requirements for uni-/bi-directional deployments are needed”: 
	GtW Agreement:
· Define only two sets of enhanced RRM requirements in terms of number of RX beams (i.e. RX beam sweeping scaling factor) per UE
· Set 1: 2 RX beams
· Set 2: 6 RX beams
· Introduce network signalling to configure UE to follow either Set 1 or Set 2 RRM requirements

Agreement:
· No separate requirements for uni-/bi-directional deployments are needed.



Based on the above conclusion from RRM session, UE needs to implement two RRM rough beambooks, which are correspondingly designed to fulfill the enhanced RRM requirement Set 1 and Set 2. And which beambook should be applicable in certain scenario, UE should follow the network signaling’s instruction. Considering it is expected that the beambook designed for RRM requirement Set 2 should have large spherical coverage due to larger number of RX beams, we propose that the unified RF requirement for FR2 HST UE is defined based on Set 2. 
Proposal 1: The unified RF requirement for FR2 HST UE on spherical coverage is defined based on the scenario in which network signaling is provided to configure UE to follow enhanced RRM requirement Set 2.  

Furthermore, some company proposed to define one panel based spherical coverage requirement, but no conclusion is reached yet: 
	· For UE RF requirement framework, the following agreement is achieved in GTW (Friday, 12th Nov):
Agreement: The assumption that UE has two panels, i.e., back-to-back panels, will be used to derive spherical coverage requirements.
· Further discuss whether one panel based spherical coverage requirement will be specified
· FFS on whether to mandate two panels.



As mentioned above, based on the RRM session’s conclusion, “no separate requirements for uni-/bi-directional deployments are needed”. Since the same requirement applies no matter under uni- or bi-directional deployment, UE needs to consider the worst case, i.e., UE have to assume bi-directional deployment and also search the signaling incoming direction opposite to the direction of serving beam. In other words, it is required that UE needs to support both uni- and bi-directional deployment with two back-to-back panels utilized. 
Proposal 2: RAN4 follow the baseline assumption that UE has two panels, i.e., back-to-back panels, to derive the spherical coverage requirement, and RAN4 shall not define spherical coverage requirement based on one panel.   

2.2 Spherical Coverage Requirement Framework
For the spherical coverage requirement framework, in RAN4#100-e meeting, the group agree to adopt the new framework in which the coverage around the boresight direction shall be guaranteed, while Rel-15 NR spherical coverage requirement framework don’t have any requirement on which part of spherical to be covered: 
	· Issue 2-2-1: Spherical coverage requirement framework
· Agreement (GTW Aug 25th): 
· For spherical coverage requirement framework, specify the spherical coverage for FR2 HST in terms of theta and phi range w.r.t. boresight direction.
· Further discussion on theta and phi value
· UE should meet EIPR requirement for 100% percentage of test points within the theta and phi range with some tolerances
· If the problem is identified, go back to option 1.


Based on the new framework, UE needs to firstly declare the directions of boresight for forward and backward directions, and then the range w.r.t this declared boresight shall meet the EIRP requirement. 

Furthermore, in last RAN4 meeting (RAN4#101-e), it is agreed that it is up to UE declaration for panel boresight direction, i.e, 
	<From Approved WF R4-2120066>
· WF3: Spherical coverage
· The following agreement is achieved in GTW (Thursday, 11th Nov):  
Agreement:
· Directions of antenna panels: 
· Boresight directions for forward and backward panels shall be declared by UE



Then the next question will be how to define the spherical coverage region, on which the spherical coverage requirement is defined. In general, there are two kinds of coordination systems were proposed in previous RAN4 discussion to define the spherical coverage region, i.e., absolute coordination system and relative coordination system (w.r.t one of panel’s boresight direction claimed by UE vendor). 
2.2.1 Absolute Coordination System
The definition of absolute coordination system is straightforward, in which the azimuthal plane is parallel to the ground, and 90 degrees theta angle is parallel to the ground, 0 degrees is pointing towards the sky. As illustrated in the below figure, on the azimuthal plane, 0 and 180 degrees are parallel to the track, and it is assumed that the train shall move along with the axis-x direction, i.e., phi =0. Therefore, the phi value range is [-180, 180] and theta value range is [0, 180].


Figure-1. Illustration of the definition of absolute Coordination System

2.2.2 Relative Coordination System (w.r.t two boresight directions of two panels respectively)
Based on previous agreement, the spherical coverage shall be specified for FR2 HST in terms of theta and phi range w.r.t. boresight direction. Take the below two cases for example, as illustrated in Figure-2. 


Figure-2. Illustration of two cases where panel boresight directions differs
· Case-1: boresight direction of panel is pointed along the train moving direction. Specifically, in the absolute coordination system, the boresight direction is denoted by theta = 90 degree and phi = 0 degree. 
· Case-2: boresight direction of panel is pointed upward by 90 - X degree relative to the train moving direction. Specifically, in the absolute coordination system, the boresight direction is denoted by theta = X degree and phi = 0 degree.
If it is RAN4’s intention to define spherical coverage requirement for FR2 HST UE w.r.t. boresight direction, the expected spherical coverage region should be defined as a cone shape with the UE vendor claimed boresight direction in the center. Take above Case-1 and Case-2 for instance, the directions with spherical coverage shall form a cone shape as illustrated in Figure-2.   
Observation 1: The expected spherical coverage region should be defined as a cone shape with the UE vendor claimed boresight direction in the center.

Accordingly, the definition of relative coordination system can be given as below: 
Proposal 3: Relative coordination system can be defined as: 
· Azimuth plane: 
· Formed by the crossed lines of the panel’s boresight direction and y-axis in absolute coordination system
· The panel’s boresight direction has the theta of 0 degree, in the relative coordination system
· Elevation plane: 
· Formed by the crossed lines of x-axis and z-axis in absolute coordination system
· The panel’s boresight direction has the phi of 0 degree, in the relative coordination system

Based on the above relative coordination system defined as Proposal 3, the spherical coverage requirement can be defined as. 
Proposal-4: In the new spherical coverage requirement framework for FR2 HST UE: 
· Boresight directions for forward and backward panels shall be declared by UE; 
· The spherical coverage requirement is verified on the areas w.r.t two boresight directions respectively, and each area is defined in the relative coordination system as below: 
· The range [theta_1, theta_2] relative to the associated boresight direction (theta_boresight = 0) for elevation;
· The range [phi_1, phi_2] relative to the associated boresight direction (phi_boresight = 0) for azimuth. 

Accordingly, we have the following text proposal for the new spherical coverage definition for FR2 HST UE: 
------------------ Start of Text Proposal for Spherical Coverage Requirement for FR2 HST UE ------------
The minimum EIRP of radiated power measured over on the areas w.r.t two boresight directions claimed by UE vendors respectively is defined as the spherical coverage requirement and is found in Table 6.2.1.6-3 below. Specifically, the areas required for spherical coverage is defined in the relative coordination system and formed by the elevation range of [θ1 = TBD, θ2 = TBD] and azimuth range of [ϕ1 = TBD, ϕ 2 = TBD] relative to two boresight directions respectively. 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 the areas required for spherical coverage (dBm)

	n257
	TBD

	n258
	TBD

	n259
	TBD

	NOTE 1:	Minimum EIRP over the areas required for spherical coverage 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.
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2.3 Spherical Coverage Region
The next question is to define the value of theta_1, theta_2, phi_1 and phi_2. Based on the conclusion of channel modeling for FR2 HST deployment Scenario-A and B, 
	· WF: Channel model for Uni-directional RRH deployment
· Ds_offset value for uni-directional
· [Background] Candidate options for Ds_offset:
· Option-1: Ds_offset = 0 for the Doppler shift worst case for UE performance evaluation.
· Option-2: Follow deployment scenario study outcome for a typical value chosen: 
· Scenario-A: Ds_offset = 50m
· Scenario-B: Ds_offset = [100, or 200] m
· Agreement (GTW Aug 24th):
· Scenario-A: Ds_offset = 10m
· Scenario-B: Ds_offset =100m 
· Note: The values are derived from worst cases based on the analysis of deployment scenario and used for demodulation requirement definition purpose. 
· WF: Channel modeling for FR2 HST bi-directional deployment: 

Option 2(a): To match Bi-directional deployment Scheme-1: UE connect to 2nd-nearest RRH.
· 
· 
· 
Agreement (achieved in this WF): 
Companies are encouraged to draw conclusion in this meeting for RAN4 demodulation aspect.
All feasible transmission schemes with assioated channel modelling can be included into TR.

The baseline assumption was to consider option 2a for demodulation if introducing test cases pending on further checking by Nov 2021 RAN4 meeting.
-Note: From frequency jump performance verification aspect, option 2a is more simple option.




From the above both cases, the data link can be maintained between gNB and UE, and it can identified that the range in elevation direction is very limited, and the range in azimuth direction can be derived for the worst case: UE in the middle point between two neighboring RRH sites for Scenario-B, which requires the azimuth direction of 23.2 degrees. Therefore, we propose the range of spherical coverage for FR2 HST UE as: 
Proposal-5: For the area to be verified in FR2 HST spherical coverage requirement framework, it is proposed to use:
· The range [theta_1 = -10 degree, theta_2 = +10 degree] relative to the associated boresight direction (theta_boresight = 0) for elevation;
· The range [phi_1 = -25 degree, phi_2 = +25 degree] relative to the associated boresight direction (phi_boresight = 0) for azimuth. 
· Accordingly, the spherical coverage (by two UE panels) will be 


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: 
Proposal 1: The unified RF requirement for FR2 HST UE on spherical coverage is defined based on the scenario in which network signaling is provided to configure UE to follow enhanced RRM requirement Set 2.  
Proposal 2: RAN4 follow the baseline assumption that UE has two panels, i.e., back-to-back panels, to derive the spherical coverage requirement, and RAN4 shall not define spherical coverage requirement based on one panel.   
Observation 1: The expected spherical coverage region should be defined as a cone shape with the UE vendor claimed boresight direction in the center.
Proposal 3: Relative coordination system can be defined as: 
· Azimuth plane: 
· Formed by the crossed lines of the panel’s boresight direction and y-axis in absolute coordination system
· The panel’s boresight direction has the theta of 0 degree, in the relative coordination system
· Elevation plane: 
· Formed by the crossed lines of x-axis and z-axis in absolute coordination system
· The panel’s boresight direction has the phi of 0 degree, in the relative coordination system
Proposal-4: In the new spherical coverage requirement framework for FR2 HST UE: 
· Boresight directions for forward and backward panels shall be declared by UE; 
· The spherical coverage requirement is verified on the areas w.r.t two boresight directions respectively, and each area is defined in the relative coordination system as below: 
· The range [theta_1, theta_2] relative to the associated boresight direction (theta_boresight = 0) for elevation;
· The range [phi_1, phi_2] relative to the associated boresight direction (phi_boresight = 0) for azimuth. 

Proposal-5: For the area to be verified in FR2 HST spherical coverage requirement framework, it is proposed to use:
· The range [theta_1 = -10 degree, theta_2 = +10 degree] relative to the associated boresight direction (theta_boresight = 0) for elevation;
· The range [phi_1 = -25 degree, phi_2 = +25 degree] relative to the associated boresight direction (phi_boresight = 0) for azimuth. 
· Accordingly, the spherical coverage (by two UE panels) will be 
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