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1. Introduction
In RAN4#104e-bis meeting, RF requirements for simultaneous multi-panel operation for FR2 HST was initially discussed. Companies would like to further study if there may be different deployment scenarios for simultaneous multi-panel operation, as indicated in the approved WF [1]
	Way forward: Further discuss the deployment scenarios which are HST specific
· following scenario is confirmed as feasible
· TRP1 and TRP2 transmit to different coverage areas (Area-1 and Area-2) of UE 
· further study the feasibility of following scenario:
· TRP1 and TRP2 transmit to same coverage area (one of Area-1 and Area-2) of UE 



In this contribution, we will discuss the feasibility of different deployment scenarios including both bi-directional deployment and uni-directional deployment for simultaneous multi-panel operation, our viewpoints are shared upon feasibility and potential impacts to deployment and UE assumption as well. 
2 Discussion 
In Rel-17 two deployment scenarios were involved, i.e. uni-directional and bi-directional RRH deployment respectively, illustrated in Figure 1.
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Figure.1 Illustration of uni- and bi-directional RRH deployment in FR2 HST scenario.
In Rel-18 the simultaneous multi-panel operation enhancement is more straightforward for bi-directional deployment. For uni-directional deployment to support the new feature, at least paired RRHs at opposite sides of the track are needed for which further study is expected. In the following we discuss bi-directional deployment and uni-directional deployment respectively.

2.1 Bi-directional RRH deployment
As the motivation of simultaneous multi-panel operation enhancement for FR2 HST, the deployment scenarios originally considered is bi-directional deployment, as indicated in the motivation part of WID [2]
	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. 



It is natural to consider simultaneous multi-panel operation enhancement for the bi-directional RRH deployment scenario as it requires least impact to deployment assumption and UE panel assumption. The bi-directional RRH deployment scenario can be the same as that of Rel-17 and no additional investment required, the UE can also be assumed with the same panel number as that of R17, i.e. two panels. The enhancement could be easily achieved by enhancement from “only one active antenna panel at a time” to “maximum 2 active panels”.
Observation 1: simultaneous multi-panel operation enhancement for the bi-directional RRH deployment scenario is explicitly indicated in the WID and requires least impact to deployment assumption and UE panel assumption
According to discussion outcome of last meeting [1], the bi-directional RRH deployment scenario can be concluded as feasible for simultaneous multi-panel operation
	Way forward: Further discuss the deployment scenarios which are HST specific
· following scenario is confirmed as feasible
· TRP1 and TRP2 transmit to different coverage areas (Area-1 and Area-2) of UE  



So it is proposed to conclude feasibility for bi-directional RRH deployment scenario.
Proposal 1: bi-directional RRH deployment scenario is concluded feasible for simultaneous multi-panel operation
2.2 Uni-directional RRH deployment
For uni-directional RRH deployment to support simultaneous multi-panel operation, it matches with the following highlighted scenrios in the WF [1]:
	· further study the feasibility of following scenario:
· TRP1 and TRP2 transmit to same coverage area (one of Area-1 and Area-2) of UE 


To support simultaneous multi-panel operation, the uni-directional TRP1 and TRP2 (or RRH1 and RRH2) transmitting to same coverage area (one of Area-1 and Area-2) of UE could not be located at the same side of the track, but can only be located at opposite side of the track.
If TRP1 and TRP2 (or RRH1 and RRH2) are located at the same side of the track, the 2AoA angle will be too small for spatial multiplex at UE side. Moreover, one of the TRP (RRH) signal will suffer worse SNR and there are high power imbalance when the two signals arriving at UE, which are not suitable for MIMO configuration.
So the uni-directional TRP1 and TRP2 (or RRH1 and RRH2) have to be deployed as pairs at the opposite sides of the track which requires double deployment investment, illustrated in Figure 2.
[image: ]
Figure.2 Illustration of uni-directional deployment for simultaneous multi-panel operation
Observation 2: the uni-directional TRP1 and TRP2 (or RRH1 and RRH2) have to be deployed as pairs at the opposite sides of the track which requires double deployment investment.
Not only impacts on the deployment, UE panel assumption is influenced also. Based on the Rel-17 conclusion, two panels shall be physically installed to flexibly support either forward or backward incoming signal direction, as indicated by the Rel-17 spherical coverage requirement for FR2 PC6 UE. In order to support above uni-directional simultaneous multi-panel operation, two panels are required for both forward and backward directions, i.e. total 4 panels. 
Observation 3: the uni-directional simultaneous multi-panel operation requires upgrading the UE panel assumption from 2 panels to 4 panels.
Despite of the deployment and UE panel assumption impacts, in the following we further discuss the scenarios A and scenario B for uni-directional deployment. 
	Scenario
	Ds (meter)
	Dmin (meter)
	Ds_offset (meter)

	A
	700
	10
	10

	B
	700
	150
	100


Based on above parameters, scenario A needs to cover phi angle from almost 0° to 45°, scenario B needs to cover phi angle from 10.6° to 56°, as illustrated in Figure 3.phi angle 45° for scenario A
phi angle 56° for scenario B

 phi angle < 1° for scenario A
phi angle 10.6° for scenario B
RRH

Dmin

Ds
Ds_offset


Figure.3 Illustration of phi angle range
For scenario A (refer to Figure 4), the RRH is close to the track, so the UE boresight beam (phi=90°) is best. However, in order to support simultaneous multi-panel operation, boresight beam has to be be given up and can only use the beams pointing away from the boresight, e.g.  the beams at phi=70° and at phi=110° respectively, to enable spatial multiplex.


Figure.4 Illustration of uni-directional Scenario-A (Figure 6.3.2.1.1-1 of TR38.854)
Observation 4: boresight beam has to be given up and can only use the beams pointing away from the boresight, e.g.  the beams at phi=70° and at phi=110° respectively, to enable spatial multiplex.
Since the best boresight beam is not applicable, worse SINR is expected. According to the simulation results provided in TR38.854, cumulative distribution function of SINR is shown in Figure 5 when only one Rx beam with fixed orientation is configured at the UE. It can be seen that the beam co-oriented with the UE panel’s boresight (RxBeams1-90) provides the highest SINR. Compared with boresight beam, the beam at 70° shows about 5dB SINR drop.
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Figure.5 CDF of SINR for different orientations of a single Rx beam (Figure 6.3.2.1.1-2 of TR38.854)
That means, to enable simultaneous multi-panel operation, the network needs to sacrifice additional about 5dB SINR compared with single-panel operation. 
Observation 5: for uni-directional scenario A deployment, the network needs to sacrifice additional about 5dB SINR compared with single-panel operation in order to enable simultaneous multi-panel operation
Based on above observations, we think the value to enable simultaneous multi-panel operation is not worthy and can be considered not feasible.
For scenario B (refer to Figure 5), the RRH is far from the track, so the UE boresight beam (phi=90°) is not the best one. Consequently there will be no obvious SINR loss when fixing the beams at phi=70° and phi=110°. 


Figure.6 Illustration of uni-directional Scenario-B (Figure 6.3.2.1.2-1 of TR38.854)

Anyhow, the impacts to deployment and UE panels observed in Observation 2 and 3 need to be discussed first of all. For the new deployment scenario, i.e., uni-directional “RRH pairs” deployment, operators input on this issue is important for next step, especially for scenario B.
Based on all above discussions, we propose:
Proposal 2:	For simultaneous multi-panel operation under uni-directional deployment, scenario A can be considered as not feasible; feasibility of scenario B depends on the consensus of the new deployment scenario (uni-directional “RRH pairs” deployment) and the new UE panel assumption (4 panel assumption).
3. Conclusion
Observation 1: simultaneous multi-panel operation enhancement for the bi-directional RRH deployment scenario is explicitly indicated in the WID and requires least impact to deployment assumption and UE panel assumption
Proposal 1: bi-directional RRH deployment scenario is concluded feasible for simultaneous multi-panel operation
Observation 2: the uni-directional TRP1 and TRP2 (or RRH1 and RRH2) have to be deployed as pairs at the opposite sides of the track which requires double deployment investment.
Observation 3: the uni-directional simultaneous multi-panel operation requires upgrading the UE panel assumption from 2 panels to 4 panels.
Observation 4: boresight beam has to be given up and can only use the beams pointing away from the boresight, e.g.  the beams at phi=70° and at phi=110° respectively, to enable spatial multiplex.
Observation 5: for uni-directional scenario A deployment, the network needs to sacrifice additional 5dB SINR compared with single-panel operation in order to enable simultaneous multi-panel operation
Proposal 2:	For simultaneous multi-panel operation under uni-directional deployment, scenario A can be considered as not feasible; feasibility of scenario B depends on the consensus of the new deployment scenario (uni-directional “RRH pairs” deployment) and the new UE panel assumption (4 panel assumption).
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