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Introduction
TR 38.854 is used to capture the analysis on FR2 HST deployment scenarios, selection of parameters, potential issues, and expected performance.
At the RAN3#101-e meeting [1] it was agreed that RRM requirements shall be defined for the two sets of requirements in terms of the number of Rx beams:
	GtW Agreements:
· Define only two sets of enhanced RRM requirements in terms of number of Rx beams (i.e. Rx beam sweeping scaling factor) per UE
· Set 1: 2 Rx beams
· Set 2: 6 Rx beams
· Introduce network signalling to configure UE to follow either Set 1 or Set 2 RRM requirements
· Note: the applicability of Set 1/2 requirements to the FR2 HST scenarios will be captured in the TR



In this contribution, we are providing our text proposal (TP) to TR 38.854 with the analysis of the number of Rx beams in HST FR2 deployments. Our goal is to include the validation for the choice of the different number to the TR. We demonstrate that there are benefits of utilization of multiple Rx beams in Scenario-B, where the RRHs are further away from the railway track, and a larger number of Tx beams can be used as well. However, in Scenario-A one Rx beam per UE panel (two beams per UE) is sufficient.

TP to TR 38.854 v0.1.1 on the number of Rx beams in HST FR2 deployment scenarios
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<<<Start of Text Proposal>>>

6.3.2.1	Number of Rx beams
RAN4 discussed the Rx beam number for RRM requirements definition and agreed to define two sets of enhanced RRM requirements in terms of the number of Rx beams (i.e., Rx beam sweeping scaling factor) per UE: 
-	Set 1: 2 Rx beams
-	Set 2: 6 Rx beams
Set 1 is more relevant to the deployments where the RRHs are located next to the railway track, e.g., like in Scenario-A with Dmin = 10m. Whereases, Set 2 can be used in the scenarios where RRHs are further away from the track, e.g., like Scenario-B with Dmin=150m.
The analysis below is based on the system-level simulations carried out following the assumptions and parameters from Table 6.3.8.1-1.
It was found out that in priority scenarios additional beams oriented upwards (i.e., up from the horizontal plane parallel to the railways track) do not provide meaningful pefromance gains. Therefore, the analysis below is focusing only on the beams with different orientations in the horizontal plane.
Following the antenna panel parameters from the Section 6.1, the half-power width for the RRH boresight beam is around 12.6 degrees (8x8 panel). Whereas the half-power width of the UE boresight beam is around 26 degrees (4x4 panel).
6.3.2.1.1	Scenario-A
The considered deployment is uni-directional Scenario-A where the train is traveling in the direction opposite to the serving beam as presented in Figure 6.3.2.1.1-1. It is assumed that the RRH panel is oriented towards the projection of the following RRH on the railway track, and only one beam is used per RRH panel. The UE panel boresight is parallel to the railway track.


Figure 6.3.2.1.1-1: HST FR2 Uni-directional deployment, the train is moving towards the serving beam.
In Figure 6.3.2.1.1-2, simulation results (cumulative distribution function of SINR) are shown 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.
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Figure 6.3.2.1.1-2: CDF of SINR for different orientations of a single Rx beam.
Next, a scenario where multiple Rx beams can be used at the UE side is considered. In Figure 6.3.2.1.1-3, it is demonstrated that no gain from using more than one boresight beam (i.e., the beam 90) is observed even if all of the additional beams are oriented towards the RRH.
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Figure 6.3.2.1.1-3: CDF of SINR for different number of Rx beams.
6.3.2.1.2	Scenario-B
A scheme of uni-directional deployments in HST FR2 Scenario-B is shown in Figure 6.3.2.1.2-1. We also indicate the orientation of Tx beams at RRH and Rx beams at CPE used in the simulations.


Figure 6.3.2.1.2-1: The schemes of uni- and bi-directional deployments in HST FR2 Scenario-B with the orientation of Tx and Rx beams.
From Figure 6.3.2.1.2-2 it can be noticed that increasing the number of Tx beams on RRH side provides very minor gain in HST FR2 uni-directional Scenario-B if only one Rx beam is used. Indeed, in this case, the CPE stays mostly in the coverage area of the boresight Tx beam, and additional beams are not used much.
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Figure 6.3.2.1.2-2: SINR CDF in uni-directional Scenario-B for different number of Tx beams when only one Rx beam parallel to the track is used.
Firstly, the scenario where one boresight Tx beam is used at the RRH and one Rx beam is used at the UE is considered. Different UE Rx beams directions are compared in Figure 6.3.2.1.2-3. The results demonstrate that Rx beam orientation has a significant impact on performance. For example, wrong orientation of Rx beam (e.g., to the other side from the RRH) results in the significant loss of performance. It was also found that Rx beam oriented 10-15 degrees from the UE panel boresight towards the RRH (i.e., RxBeams1-80, RxBeams1-75) provide best performance in Scenario-B.
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Figure 6.3.2.1.2-3: L1-RSRP traces of serving RRH (top) and SINR CDFs (bottom) in uni-directional Scenario-B for different orientations of Rx beams.
Next, it is studied how the performance depends on the orientation of one Rx beam when multiple Tx beams are used. These results are shown in Figure 6.3.2.1.2-4. Like in Figure 6.3.2.1.2-2, one can observe that adding more Tx beams when only one Rx beam parallel to the track is used does not provide significant gain. However, if we orient the Rx beam more towards the RRH, then in the areas next to the RRH the received signal power can be significantly increased.
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Figure 6.3.2.1.2-4: L1-RSRP traces of serving RRH (top) and SINR CDFs (bottom) in uni-directional Scenario-B with multiple Tx beams and for different orientations of Rx beam.
Finally, the scenario where multiple (four) Tx and multiple (up to four) Rx beams are configured together is analyzed (Figure 6.3.2.1.2-5). It is shown that the correct choice of Rx beams improves the received signal strength in the areas where the coverage of additional Tx beams is present. The median value of the SINR can be increased for around 4 dB. One can also notice that the use of 2 and 3 Rx beams provide significant gains, whereases the gain from more additional beams (e.g., 4 in total) is not significant.
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Figure 6.3.2.1.2-5: L1-RSRP traces of serving RRH (top) and SINR CDFs (bottom) in uni-directional Scenario-B with four Tx and multiple Rx beams.

<<<End of Text Proposal 1>>>
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