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Introduction
In RAN4 #99-e meeting, the deployment scenario and channel model for FR2 HST was discussed, and a WF was approved [1,2]. In this contribution, we provide our view on deployment scenarios and possible enhancement.
Discussion
Beam Propagation Delay Difference in Uni-directional Model
In WF[1], a large propagation delay between beams in uni-directional model is an open issue. UE detects new beams by PSS/SSS detection, in which UE scans a large range on time domain to detect SSBs from the new beams. 2.3us propagation delay difference is within the typical UE search range. Therefore, UE can successfully derive the correct timing by PSS/SSS detection for new beams. As long as UE keep measuring SSBs, UE maintains this timing information and can use it when performing TCI state switch.
On the other hand, the large propagation delay difference can introduce large ISI and signal power (of PSS/SSS) degradation. 2.3us propagation delay is 4 times CP length and more than ¼ symbol duration. However, since UE performs new beam search mostly under <0dB SINR, the ISI of 2us has negligible impact on the detection performance. As explained above, 2us difference in timing compared to serving beams can be easily handled by PSS/SSS detection algorithm. Therefore, beam propagation delay difference is not a concern based on our analysis.
Proposal 1: No performance impact due to beam propagation delay difference in uni-directional model.
Number of RRH/UE Beams
We observe from the contributions in RAN4#99e meeting, the analysis on the number of RRH/UE beams is mostly done based on a specific assumption of switching point. Based on the agreed UE antenna configuration parameters, we plot the UE beam gain in the following figures for scenario B where Dmin = 150m. We can observe that before UE reaching 250m distance from RRH, UEs with 7 beams (peak directions are evenly distributed from 0 to 45 degrees w.r.t. boresight direction which is parallel to the track) have an antenna gain envelope 10~20dB larger than the envelope of UE with 2 beams (peak direction 0 and 7.5 degrees). When the switching point is at 50m from RRH, the throughput achieved by 7 UE beams is 75% higher than 2 UE beams. On the other hand, if we move the switching point to 300m from RRH, although we can recover part of antenna gain, the increase in path-loss still degrade performance a lot. 7 UE beams with switching point at 50m from RRH achieves 60% higher throughput than 2 UE beams with switching point at 300m.
Observation 1: When the switching point is at 50m from RRH, the throughput achieved by 7 UE beams is 75% higher than 2 UE beams. 7 UE beams with switching point at 50m from RRH achieves 60% higher throughput than 2 UE beams with switching point at 300m.
Therefore, more UE beams are helpful for large Dmin scenarios, e.g., scenario B. 
Note that in practice, UE needs to cover all the possible options for Dmin in addition to the ones agreed in RAN4 since the HST network deployment is landscape/nearby buildings dependent, and the agreed Dmin options in RAN4 may not be feasible. Therefore, setting the requirements based only on the number of Rx derived in scenarios A and B is infeasible and misaligned to UE implementation. 
Proposal 2: Consider 7 UE beams per side (15 beams to cover both sides of the rail) to improve system performance. Do not set the requirements based only the number of Rx derived in scenarios A and B.

[image: ]
[image: ]


Bi-directional model implementation schemes
Two schemes were proposed to resolve coverage hole problem in bi-directional mode.
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Scheme-1: Connecting to 2nd-Nearest RRH
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Scheme-2: Connecting to Nearest RRH except Coverage Hole

Section 2.1 shows that the large propagation delay difference between beams from the different RRHs has negligible performance impact. Hence we don’t have to consider the propagation delay difference issue for selecting schemes 1 or 2. The main difference between schemes 1 and 2 is whether in the distance range [Ds_offset,Ds/2] after passing an RRH, the nearest or the second nearest RRH serves the UE. We plot the path loss difference between the nearest and the second nearest RRH below. A large difference in path loss, up to 14dB, is observed within the distance range [50,350]. Therefore, scheme 2 can significantly improve the received SNR and the throughput of UE, and we should choose scheme 2 for bi-directional model implementation.
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Proposal 3: Choose scheme 2 for bi-directional implementation.

Channel model
Since we propose to choose scheme 2 for bi-directional model, the following channel model should be adopted:
Proposal 4: 
· Option 2(b): based on Scheme-2 for Bidirectional RRH Deployment:
· , ,
· , ,
· , 
· , 
· , .


Conclusion
Proposal 1: No performance impact due to beam propagation delay difference in uni-directional model.
Observation 1: When the switching point is at 50m from RRH, the throughput achieved by 7 UE beams is 75% higher than 2 UE beams. 7 UE beams with switching point at 50m from RRH achieves 60% higher throughput than 2 UE beams with switching point at 300m.
Proposal 2: Consider 7 UE beams per side (15 beams to cover both sides of the rail) to improve system performance. Do not set the requirements based only the number of Rx derived in scenarios A and B.
Proposal 3: Choose scheme 2 for bi-directional implementation.
Proposal 4: 
· Option 2(b): based on Scheme-2 for Bidirectional RRH Deployment:
· , ,
· , ,
· , 
· , 
· , .
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