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1. Introduction
In RAN#95e meeting, the Rel-18 RAN4-led work item on enhanced NR support for high speed train scenario in FR2 has been approved as [1]. This Rel-18 can be regarded as the continuous enhancement over the Rel-17 feature of NR support of FR2 HST, in which Rel-17 WI RAN4 has focused on train roof-mounted high-power devices for NR SA single carrier scenario in FR2, by studying the FR2 HST deployment scenario and specifying the channel modelling, RF, RRM and demodulation requirements for FR2 HST.
In the Rel-17 WI, similar as FR2 handheld and other UE types, the single active panel operation was focused, i.e. only one active antenna panel at a time as baseline antenna assumption. Based on the Rel-17 conclusion, two panels shall be physically installed to flexibly support either forward or backward incoming signal direction; however, the restriction of only one active antenna panel limits utilizing two neighbouring RRHs to serve one HST UE in the bi-directional RRH deployment scenario. Accordingly, it is of importance to introduce the support of simultaneous reception with maximum 2 active panels at the train roof-mounted FR2 high power devices for the bi-directional RRH deployment scenario. 
Accordingly, as one of the objectives of Rel-18 enhanced NR support for FR2 HST, the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices is expected to be specified, which is provided in WID [2] as follows:
	· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception



In this contribution, we would like to share our initial viewpoints to trigger the discussion on RF requirement for simultaneous multi-panel operation for FR2 HST enhancement. 
2 Discussion 
2.1 Rel-17 FR2 HST: RF requirement for TX/RF Spherical Coverage Framework
Rel-17 WI on NR support for high speed train (HST) scenario in Frequency Range 2 (FR2) is targeted to specify NR UE RF requirements, RRM requirements and BS/UE performance requirements for train roof-mounted high-power devices in HST scenario with speed up to 350km/h and applicable frequency is up to 30GHz. 
Expected spherical coverage region for FR2 Power Class 6 UE (forward direction) 

Figure.1 Illustration of spherical coverage of FR2 Power Class 6 UE for HST specified in Rel-17.

In the approved CR [4], the FR2 power class 6 spherical coverage framework is introduced. Different from handheld UE (PC3) which is intended to have at least any 50% spherical directions of the whole sphere the spherical coverage evaluation areas specified below is defined as the spherical coverage requirement and is found in Table 6.2.1.6-3 (copied below) from TS38.101-2. UE spherical coverage evaluation areas are found in Table 6.2.1.6-3a (copied below) from TS38.101-2, by consisting of Area-1 and Area-2, in the reference coordinate system in Annex J.1. 
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
	20

	n258
	20.4

	n261
	20

	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.
NOTE 3:  	The requirements in this table are applicable to FR2 PC6 UE with the network signalling [highSpeedMeasFlag-r17] configured as [set2].



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 60
	- 37.5 to + 37.5

	Area-2
	90 to 60
	142.5 to 217.5

	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.



Observation 1: For FR2 PC6 requirement introduced in Rel-17 FR2 HST WI, the spherical coverage framework was introduced to cover the expected spherical coverage regions respectively located in the forward and backward directions along the track (Area-1 and Area-2), as required by the typical deployment case.

2.2 Rel-18 FR2 HST enh. for simultaneous multi-panel operation
As provided in WID, UE RF requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices are expected to be introduced in Rel-18 WI, but it is expected that this Rel-18 FR2 HST WI only focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception.
Based on the Rel-17 introduced spherical coverage framework, there are two UE spherical coverage evaluation areas provided, named as Area-1 and Area-2 for forward and backward directions along the track respectively. Correspondingly, we expect to enable the simultaenous multi-panel operation, the concerned two AoA directions should be selected from Area-1 and Area-2 respectively. 
Uni-directional RRH Deployment
Bi-directional RRH Deployment

Figure.2 Illustration of uni- and bi-directional RRH deployment in FR2 HST scenario.

Proposal 1: For Rel-18 FR2 PC6 requirement for simultaneous multi-panel operation, the concerned two AoA directions should be selected from Area-1 and Area-2 respectively: 
- The detailed procedure to select two AoA directions is specified to match with the conclusion from Rel-18 FR2 multi-Rx DL reception WI.

As indicated in WID, it is assumed that “Maximum 2 active panels supporting the multi-panel simultaneous reception”. However, as highlighted in our accompanying Tdoc for Rel-18 FR2 multi-Rx DL reception WI, though the ‘panel’ terminology is widely used, there is still no clear definition and the ‘panel’ terminology has never been used in RF core requirement specification. In the end, we expect the requirements should be specified per UE rather than per panel. 
Proposal 2:	the concept of panel should not be explicitly used in core requirements and test configurations.

Based up the RAN4 discussion on Rel-18 FR2 multi-RX DL reception WI, which results in WF of [5], for system assumption, progress was made with following agreements [1]:
· To support 4L DL MIMO reception at the UE when configured with 2 active TCI states, polarization multiplex (2 layers/direction) + spatial multiplex (2 directions) is assumed at the UE.
· Note: This proposal is for general deployment assumption, not aimed at UE RF assumption
· UE RF requirements for simultaneous reception from different directions shall be based on single-layer reception for each DL direction with dual TCI configuration, i.e., total 2 layers for both directions.
· For setting the UE RF requirement when the UE is configured with 2 active TCI states, single DCI scheme is adopted as a baseline.



By review the above agreements from Rel-18 FR2 multi-RX DL reception WI, we see these agreement should also be applied to Rel-18 FR2 HST enhancement. 
3. Conclusion
In this contribution, we provided our viewpoints on the RF requirements for simultaneous multi-panel operation for FR2 HST enhancement for this work item, accordingly the following observations and proposals are obtained: 

Observation 1: For FR2 PC6 requirement introduced in Rel-17 FR2 HST WI, the spherical coverage framework was introduced to cover the expected spherical coverage regions respectively located in the forward and backward directions along the track (Area-1 and Area-2), as required by the typical deployment case.
Proposal 1: For Rel-18 FR2 PC6 requirement for simultaneous multi-panel operation, the concerned two AoA directions should be selected from Area-1 and Area-2 respectively: 
- The detailed procedure to select two AoA directions is specified to match with the conclusion from Rel-18 FR2 multi-Rx DL reception WI.
Proposal 2:	the concept of panel should not be explicitly used in core requirements and test configurations.
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