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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 RAN4 meeting (RAN4#100-e), with the following contents related are agreed in the approved WF [9, R4-2114976] on UE spherical coverage requirement, including the requirement framework and detailed requirements. 
	· 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.


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

2. Discussion
In last RAN4 meeting, it is still not decide that different RF requirement for Scenario-A and B. Based on previous RAN4 discussion on FR2 HST deployment study, it is identified that the number of beams per RRH and per UE will be quite different for Scenario A and Scenario-B, with the conclusion summarized as below: 
Table 1 Summary of Beam Number from FR2 HST Deployment Study
	
	
	# of Beams per RRH
	# of Beams per UE

	Scn-A
	Uni-directional
	1 beam/panel 
(1 panel per RRH site)
	1 beam/panel 
(1 active panel, 2 panels implemented)

	
	Bi-directional
	1 beam/panel 
(2 opposite panels per RRH site)
	1 beam/panel 
(2 panels per UE)

	Scn-B
	Uni-directional
	2 beams/panel 
(1 panel per RRH site)
	1 beam/panel 
(1 active panel, 2 panels implemented)

	
	Bi-directional
	2 beams/panel 
(2 opposite panels per RRH site)
	1 beam/panel 
(2 panels per UE)

	Note: For Scn-B, RAN4 can’t preclude other options for beam number, due to different understanding of the tradeoff on more/less beams per RRH/UE panel. 



To avoid the fragmentation of introducing different sets of UE requirement for different Scenarios, the benefit of having a unified set of requirement to cover both Scenario-A and B is identified and mentioned by other companies, which is also regarded as the reasonable proposal and also supported in our accompanying discussion Tdoc R4-2118224.  
Accordingly, the next question will be how the unified requirement can be defined to cover all possible solutions, i.e., Scenario-A & B, uni- & bi-directional deployment. We are considering the compromise solution, that is to have a unified UE RF requirement which is defined based on Scenario-B and bi-directional deployment, by providing the proper NW signaling. Obviously, if UE can meet the defined UE RF requirement for Scenario-B bi-directional deployment, then from RF perspective, UE can also satisfy the requirement by other typical deployment scenarios.
Proposal-1: If a unified requirement for both Scenario-A and B is agreed, bi-directional deployment in Scenario-B can be regarded as the baseline to define UE spherical coverage requirement. 

For the spherical coverage requirement framework, in that 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. Then we have the following proposal to specify details. 
Proposal-2: In the new spherical coverage requirement framework, 
· Two boresight directions for forward and backward shall be declared by UE vendors;
· The spherical coverage requirement is verified on the areas w.r.t two boresight directions respectively, and each area is defined as: 
· 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. 
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-3: 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: If a unified requirement for both Scenario-A and B is agreed, bi-directional deployment in Scenario-B can be regarded as the baseline to define UE spherical coverage requirement. 
Proposal-2: In the new spherical coverage requirement framework, 
· Two boresight directions for forward and backward shall be declared by UE vendors;
· The spherical coverage requirement is verified on the areas w.r.t two boresight directions respectively, and each area is defined as: 
· 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-3: 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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