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Introduction
The Rel-18 RAN4 leading WI enhanced NR support for high speed train scenario in frequency range 2 (FR2) was approved at RAN#95 [1]. One of the objects is the multi-panel RF requirements. During RAN4#106, the topic was discussed and WF[4] was approved. This document provides further thoughts on this topic.
Discussion
During RAN4#105, the bi-directional deployment scenario is confirmed as feasible for simultaneous multi-panel operation, and the concerned two AoA directions should be selected from different coverage areas, i.e., Area-1 and Area-2 respectively. The specific RF requirement needs further discussion.
During RAN4#106, some options for the RF requirement of bi-directional deployment scenario were discussed.
Sub-topic 2-1 bi-directional deployment scenario
Issue 2-1: RF requirements for bi-directional scenario
· Proposals
· Option 1: it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept (R4-2300998)
· Option 2: No RF requirement is specified for multi-panel reception in Rel-18. RF requirements for FR2 HST multi-panel reception could be further studied in Rel-19 if the necessity is identified (R4-2301581)
· Option 3: Focus on developing RF requirements for the bi-directional deployment scenario. RAN4 shall discuss how spherical coverage is to be considered for HST PC6 in Rel-18. (R4-2301679)
· Agreement
· it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept

Single AoA testing
The Rel-17 spherical coverage requirement of Power Class 6 was based on single panel reception, and DL signal is from single AoA. For Rel-18 simultaneous reception from two panels are assumed. If the DL signal is still from single AoA, the RF performance gain comes from the combination of received signals of two panels.
If the Rel-17 deployment channel profile is reused, the 2-panel reception could be shown as below figure. The distance between front panel and back panel is assumed as 25m, which is typical length of high-speed rail carriages.
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Figure 1
Considering the antenna beam pattern, the DL signal could be mainly received by the panel facing the transmitting RRH, therefore the DL RSRP gain of 2-panel reception is negligible.
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Figure 2
Proposal 1: If single AoA is transmitted to the UE, Rel-17 requirement could be reused for UEs supporting 2-panel reception.
Two AoA testing
If the UE is expected to receive signals from two RRHs, each corresponding to 1 layer, the scenario would be similar as what is being discussed in the multi-Rx reception WI. For each panel, the REFSENS performance will be degraded due to the interference from another AoA.
Based on some simulation, the potential deployment channel profile for 2-panel reception could be shown as below. For each panel, the RRH with highest DL RSRP is always selected.
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Figure 3
0. Interference mode 1
If the gNB could monitor UE’s position, and only activate two RRHs as shown in above Figure 3, the receiving signal of one panel would become the interference of the other panel.
Some initial simulation shows that the largest SNR degradation happens when UE is around the middle of two RRHs, and the SNR degradation is less than 0.1dB.
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Figure 4
0. Interference mode 2
If the gNB doesn’t monitor UE’s position, and all the RRHs transmit two layers at the same time, the interference RRH would be different from mode 1. The interference was shown as red dot line in below Figure 5.
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Figure 5
Some initial simulation shows that the largest SNR degradation happens when UE passes an RRH, and the SNR degradation could achieve ~0.7dB.
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Figure 6
The simulation shows that the interference assumption has impact on the UE’s receiving performance. It’s proposed that RAN4 aligns on the interference assumption before deciding the RF requirements.
Proposal 2: RAN4 to decide the interference mode assumption between mode 1 and mode 2.
Conclusion
In this contribution we discussed the multi-panel RF requirements, and we have the following proposals: 
Proposal 1: If single AoA is transmitted to the UE, Rel-17 requirement could be reused for UEs supporting 2-panel reception.
Proposal 2: RAN4 to decide the interference mode assumption between mode 1 and mode 2.
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