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[bookmark: _Toc116995841]Introduction
In RAN WG4 Meeting #105, a WF for RF requirements for simultaneous multi-panel has been approved [1]. Among its objectives, is the study for bi-directional and uni-directional deployment scenarios as captured below: 
	Sub-topic 1-1 bi-directional deployment scenario
Issue 1-1-1: feasibility of bi-directional deployment scenario for simultaneous multi-panel operation
Agreement: 
Bi-directional RRH deployment scenario is concluded feasible for simultaneous multi-panel operation.

Issue 1-1-2: RF requirements of bi-directional deployment scenario for simultaneous multi-panel operation
Agreement:
Further study whether to specify RF requirement when two TRPs transmit to different coverage areas, i.e., Area-1 and Area-2.
The concerned two AoA directions should be selected from different coverage areas, i.e., Area-1 and Area-2 respectively

Sub-topic 1-2 uni-directional deployment scenario
Issue 1-2-1: new deployment assumption
Agreement:
Further study the value of the new deployment scenario for simultaneous multi-panel operation under uni-directional deployment, i.e., uni-directional “RRH pairs” deployment

Issue 1-2-2: new UE panel assumption
Agreement:
Further study the new UE panel assumption for simultaneous multi-panel operation under uni-directional deployment in terms of panel number, etc.

Issue 1-2-3: feasibility of uni-directional scenario A for simultaneous multi-panel operation
Agreement:
For simultaneous multi-panel operation under uni-directional deployment, scenario A can be considered as not feasible.

Issue 1-2-4: feasibility of uni-directional scenario B for simultaneous multi-panel operation
Agreement:
Further analyse the feasibility of uni-directional scenario B based on potential new deployment assumption and new UE panel assumption.









Also following agreements/scenarios have been specified during core RRM requirement meeting for Rel-18 HST.
	Sub-topic 2-1: RRM impact by multi-panel simultaneous reception
Issue 2-1-1: Deployment scenario for FR2 HST multi-panel simultaneous reception
Agreements:
· Candidate scenarios to identify RRM impact from multi-panel simultaneous reception:
· Scenario #1: Bi-directional deployment in Scenario-A and Scenario-B
· Note: Uni-directional deployment is not considered for further studies
Way Forward: 
· It is noted that RF session still keep the possibility of multi-panel simultaneous reception in uni-directional deployment.



 
In this contribution we discuss the potential impact on RAN4 requirements of the above-described RAN4 agreements
[bookmark: _Toc116995842]Discussion
Sub-topic 1-1 bi-directional deployment scenario
Issue 1-1-2: RF requirements of bi-directional deployment scenario for simultaneous multi-panel operation
[bookmark: _Toc116995848]We consider the bi-directional deployment scenario as a feasible deployment. The reasoning is shown in Figure 1, when two TRPs transmit to different coverage areas, i.e., Area-1 and Area-2, the beams are well separated in two directions, and the interference, in this case, is limited.
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Figure 1 Bi-directional deployment
In the Multi-Rx work-item for PC3 devices, i.e., handheld mobile phone, the interference or in other words separation between different beams is one of the main concerns. Adding 2 or more antenna modules (RF chains) in one handheld (i.e. small form factor) mobile phone can result in the interference from the separate Rx chains. However, the RF architecture of the PC6 devices defined for HST are different and interference may not be an issue. For the PC6 devices, specifically, those used on the top of the train, can be categorized as below 3 options:
· cat#1: 2 independent modules (each of them with own RF and own BB).,
· cat#2: joint module with independent RF FR chains and common BB so we can combine data,
· cat#3: full flexibility where RF chains can be switched to any antenna array/panel,
Observation 1: The RF module placement and/or orientation of a HST PC6 devices can be completely different from that of a PC3 devices, i.e., handheld mobile phone. As a result, the interference between two RF modules in PC6 can be much less than that in PC3
Figure 2 can be used to illustrates the RF architecture of both cat#2 and cat#3. 
[image: ]
Figure 2 UE RF architecture with common baseband + separate RF modules, antenna polarization included

From Figure 2 we can note that the RF architecture can be different from PC3 devices. For the cat#1, we can assume there are two independent RF equipment modules, with one RF chain each, on different places of the train, and it can be considered as simply adding another identical RF modules on the train. Given the size of the train, and the distance of those two RF modules, the interference between those two RF modules can be ignored. Since the two beams from e.g., different remote radio heads (RRH), connected to the train, at the same time are separated in opposite directions on top of the train 
Observation 2: For Cat#1 the interferences between RF modules can be ignored.
For Cat#2 and Cat#3, the RF module can be co-located at the same place on the top of the train. However, it depends on the size of the equipment and the distance between the two RF modules, the interference will depend on both separation of RF modules and the placement on the train. Depending on the placement and/or orientation of the RF modules the potential interferences between 2 beams are different. However, “inter-beam” interference is studied under the related work-item FR2_multiRx_UERF.
Observation 3: The interferences between 2 beams are studied in FR2_multiRx_UERF (as discussed in R4-2300195) for PC3. 
Given the possibility of separating the discussion related to “inter-beam” interference it is seen beneficial to focus on the bi-directional deployment scenario. Since we cannot directly apply the RF requirements based on Multi-Rx RF to this HST scenarios
Proposal 1: Focus on developing RF requirements for the bi-directional deployment scenario.
Once more considering Figure 1, it can be noted that for the bi-directional deployment scenario the AoA directions for the PC6 antenna module received on top of the train should be well separated with large angles. Further, the beam orientation and speed can be well described via the knowledge of the orientation and movement/speed of the train.
Observation 4: The AoA directions of the PC6 antenna modules placed on top of the train should be well separated with large angles. 
In HST scenarios the PC6 UE mobility is exactly following the railway, and it is trackable based on the speed and orientation of the train. The multiple beams that cover two areas can be clearly defined in terms of beamwidth, angles of the beams (beam codebook). 
Observation 5: Given the available information it can be defined to use the beams based on the codebook approach already supported by the RAN1 design. 

Sub-topic 1-2 uni-directional deployment scenario
Issue 1-2-1: new deployment assumption
In one example of  uni-directional deployment, as in Figure 3, each RRH still sends one beam to the PC6 HST device. The “RRH pairs” on both side of the railway can be considered as another solution to support multi-beams for HST. As for the bi-directional case the AoA separation between the two beams can be large which can simplify and/or mitigate some interference between the beams. 
For the uni-directional deployment scenario as in Figure 4, the RRH it can be far from the track, sending two beams to the UE in the same direction. Assume the UE has two active RF chains at one panel to receive those 2 beams, the AoA separation of the 2 beams can be very small, say 10 degrees or less. In that case there will be interference for both using the same carrier or in some cases of even using different carriers. 
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Figure 3 “RRH pair” Uni-directional deployment (source: Samsung, R4-2218564).
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Figure 4 Uni-directional deployment sending two beams at same direction, RRH far from the track
Observation 6: The multi-panel operation in the uni-directional deployment in Figure 4 is feasible when RRH is far from track. However, the interference of two beams/panels can be strong due to very small AoA separation. 
Even the AoA separation is small, which will result in interference, some mitigations techniques can still be considered. One suggestion is to consider the polarization of the beams. This however would require some further analysis within RAN4.
Proposal 2: RAN4 should consider mitigation techniques to separate the two beams in the uni-directional deployment scenario as depicted in Figure 4. 

Sub-topic 1-3 Other discussions
In Rel-17, the spherical coverage is defined based on three beams/panel with [--37.5, 37.5] azimuth angle and [0, 30] elevation angle in degrees. This covers about 10% of entire sphere. For HST it is not clear if the same approach can be adopted. Therefore, it is needed for RAN4 to discuss how spherical coverage shall be considered for HST PC6.
Proposal 3: RAN4 shall discuss how spherical coverage is to be considered for HST PC6 in Rel-18.
From our observations some starting points is given below.
Observation 6: In the bi-directional deployment scenarios, the beams are sent to two directions and cover two areas with each still covering the same spherical coverage as before in Rel- 17. Therefore, we can consider doubling the spherical coverage in total, which cover about 20% of entire sphere.
Observation 7: In the uni-directional deployment scenarios, the beams are sent to one direction and cover the same areas as before. Therefore, we can consider using the same spherical coverage as that in Rel-17.

Conclusion
In this contribution, the following observation and proposal are presented: 
[bookmark: _Toc116995849]Observation 1: The RF module placement and/or orientation of a HST PC6 devices can be completely different from that of a PC3 devices, i.e., handheld mobile phone. As a result, the interference between two RF modules in PC6 can be much less than that in PC3
Observation 2: For Cat#1 the interferences between RF modules can be ignored.
Observation 3: The interferences between 2 beams are studied in FR2_multiRx_UERF (as discussed in R4-2300195) for PC3. 
Proposal 1: Focus on developing RF requirements for the bi-directional deployment scenario.
Observation 4: The AoA directions of the PC6 antenna modules placed on top of the train should be well separated with large angles. 
Observation 5: Given the available information it can be defined to use the beams based on the codebook approach already supported by the RAN1 design. 
Observation 6: The multi-panel operation in the uni-directional deployment in Figure 4 is feasible when RRH is far from track. However, the interference of two beams/panels can be strong due to very small AoA separation. 
Proposal 2: RAN4 should consider mitigation techniques to separate the two beams in the uni-directional deployment scenario as depicted in Figure 4. 
Proposal 3: RAN4 shall discuss how spherical coverage is to be considered for HST PC6 in Rel-18.
Observation 6: In the bi-directional deployment scenarios, the beams are sent to two directions and cover two areas with each still covering the same spherical coverage as before in Rel- 17. Therefore, we can consider doubling the spherical coverage in total, which cover about 20% of entire sphere.
Observation 7: In the uni-directional deployment scenarios, the beams are sent to one direction and cover the same areas as before. Therefore, we can consider using the same spherical coverage as that in Rel-17.
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