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Introduction
At GtW session of the previous RAN4#100-e meeting it was agreed that both uni- and bi-directional HST FR2 deployments shall be considered in the requirements for Scenario-B [1]:
	Agreement (GTW Aug 19th):
Introducing performance requirements for both uni-directional and bi-directional deployment in scenario B which pending on further discussion on following aspect:
-The test applicable rules can be further discussed and introduced if needed
- FFS whether single test case cover both uni-directional and bi-directional deployment
- BS declaration for applicable test cases can be further discussed 
-Test feasibility for bi-directional deployment under performance test cases 
-Performance comparision among uni-directional and bi-directional deployment 



Additionally, active discussion of the necessary number of Rx beams took place at RAN4#100-e. An important agreement is included in the WF of RRM track [2]:
	· Define two set of requirements for Scenario A and Scenario B in terms of number of RX beams per UE
· Scenario A: [2] RX beams for all scenarios
· Scenario B: [6] RX beams for all scenarios



In this contribution, we continue the analysis of the number of Rx beams in Scenario-B. In particular, we demonstrate that additional Rx beams can provide a significant gain in the case when multiple Tx beams are used on the RHH side in uni-directional deployment. Additionally, we provide the results of system-level simulations in uni- and bi-directional deployments with different measurement scaling factors (2,6,8) corresponding the number of Rx beams.

Discussion
The schemes of schemes of uni- and bi-directional deployments in HST FR2 Scenario-B are shown in Figure 1. We also indicate the orientation of Tx beams at RRH and Rx beams at CPE that we use in the analysis.


[bookmark: _Ref85812847]Figure 1: The schemes of uni- and bi-directional deployments in HST FR2 Scenario-B with the orientation of Tx and Rx beams.

From the Figure 2 we have 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.
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[bookmark: _Ref85813005]Figure 2: SINR CDF in uni-directional Scenario-B for different number of Rx beams when only one Tx beam parallel to the track is used.

The reason for that can be understood on a general level from the schemes below, where uni-directional Scenario-B is shown in real scale:
· Dotted lines show several RRH beamwidth oriented towards the railways track starting with the boresight beam. Half power beamwidth is 12.6 degrees. The boresight of the RRH panel is oriented towards the projection of next RRH on the track 
· Solid lines show half power CPE beamwidth is of 25.6 degrees.
If only one beam parallel to the railway track is used on the Rx side, then, in Scenario-B, the CPE stays only in the coverage area of boresight beam when it moves from one RRH to the following one. Only when there are more RX beams oriented towards the RRH, CPE starts to “see” other RRH beams oriented towards the RRH track.
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Figure 3: Real-scale schemes of uni-directional Scenario-B with several Tx beams and only one Rx beam (top), and two Rx beams (bottom).

We confirm the intuitive considerations from above with the results of system-level simulations for the uni-directional Scenario-B where the train travels from the serving beams.
We start with the scenario where only one boresight Tx beam is used at the RRH and one Rx beam is used at the UE. Different UE Rx beams directions are compared in Figure 4. The results demonstrate that Rx beam orientation has a significant impact on performance. For example, of the beams is wrong Rx beam orientation (from the RRH) results in the significant loss of performance. It was also found that Rx beam oriented 10 degrees from the UE panel boresight towards the RRH (RxBeams1 - 90) provides optimal performance in Scenario-B.
[image: ][image: ]
[bookmark: _Ref85814400]Figure 4: L1-RSRP traces of serving RRH (top) and SINR CDFs (bottom) in uni-directional Scenario-B for different orientations of Rx beams.

Next, we study how the performance depends on the orientation of one Rx beam when multiple Tx beams are used. These results are shown in Figure 5. Like in Figure 2, we can observe that adding more Tx beams when only 1 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 some areas the received signal power can be significantly increased.
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[bookmark: _Ref85815367]Figure 5: 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 beams.

Finally, we analyse the scenario were multiple (four) Tx and multiple (up to four) Rx beams are configured together (Figure 6). 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 thew SINR can be increased almost up to 5 dB. Once can also notice that the use of 2 and 3 Rx beams provide significant gains, whereases the gain from one additional beam (4 in total) is less significant.
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[bookmark: _Ref85815775]Figure 6: L1-RSRP traces of serving RRH (top) and SINR CDFs (bottom) in uni-directional Scenario-B with multiple Tx and multiple Rx beams.

Utilisation of multiple Tx beams with only one Rx beam is not practical for uni-directional Scenario-B. However, the configuration with multiple Tx and multiple Rx beams can demonstrate considerable gains in system performance.

As an additional analysis, Figure 7, Figure 8 and Figure 9 show SINR distributions for different scenario-B deployment options in system level mobility simulations. We compare the effect of 2 vs. 6 vs. 8 Rx beams considering also delays caused by longer scaling with more Rx beams. We observe that in uni-directional scenarios with 8 or 6 Rx beams despite the four or three times longer delays on measurements compared to 2 Rx beams bring SINR gain of 2-3 dB when additional delays from DRX are not applied. There is also some gain above 60-percentile or 20-percentile from 8 or 6 Rx beams in case of DRX 40 ms, but loss on the lower percentiles indicating lower mobility performance on following the best beam and RRH. With DRX cycle 80 ms and above there is no visible gain from 8 or 6 Rx beams due to increased delays. In bi-directional scenario there are more challenges from increased scaling, and we observe gain from 8 or 6 Rx beams only above 60-percentile even without DRX.
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[bookmark: _Ref85704583]Figure 7 SINR distribution for uni-direction deployment where train travels to same direction as RRHs are pointing to (left: DRX off and 40 ms, right: DRX 80 and 160 ms)
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[bookmark: _Ref85704607]Figure 8 SINR distribution for uni-direction deployment where train travels to opposite direction than RRHs are pointing to (left: DRX off and 40 ms, right: DRX 80 and 160 ms)
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[bookmark: _Ref85704619]Figure 9 SINR distribution for bi-directional deployment (left: DRX off and 40 ms, right: DRX 80 and 160 ms)

Figure 10 shows average time-of-outage percentage for different Scenario-B deployment options. Time-of-outage considers periods of low signal quality (SINR < -8 dB) and period of outage due to successful handover execution (50 ms). Time-of-outage rates are low in uni-directional scenario where train travels to same direction as RRH is pointing to. The reason why in that scenario time-of-outage rates are higher with shorter DRX cycles is that more handovers take place with shorter delays in measurements. The same holds also for uni-directional scenario where train travels to opposite direction than RRH is pointing to up to DRX cycle 160 ms. With longer cycles, mobility failures are more common in this scenario and lead to longer time-of-outage. In bi-directional scenario the time-of-outage rates are generally higher than in uni-directional scenario due to more frequent handovers. But also, in that scenario time of outage rates stay generally low up to DRX 80 ms despite the number of Rx beams and the scaling used. With longer DRX than 80 ms the time-of-outage rates are very high if the number of Rx beams 6 or 8 and matching scaling is used. Note that these results consider one site per BBU so handovers take place frequently.
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[bookmark: _Ref85797774][bookmark: _Ref85797767]Figure 10 Time-of-outage (left: RRHDir:Same, right: RRHDir:Opposite, bottom: Bi-directional, notice different Y-axis scale across figures)

The uni-directional Scenario-B where the train is travelling towards the serving beam is a bit more challenging, but no mobility problems are expected like in Scenario-A.

In bi-directional Scenario-B there are more challenges from increased scaling, and we observe gain from 8 or 6 Rx beams only above 60-percentile even without DRX.

Conclusion
In this contribution, we provide the analysis of HST FR2 system level performance with different number of Rx beams in uni- and bi-directional deployments.
The following observations are made:
1. Utilisation of multiple Tx beams with only one Rx beam is not practical for uni-directional Scenario-B. However, the configuration with multiple Tx and multiple Rx beams can demonstrate considerable gains in system performance.

1. The uni-directional Scenario-B where the train is travelling towards the serving beam is a bit more challenging, but no mobility problems are expected like in Scenario-A.

1. In bi-directional Scenario-B there are more challenges from increased scaling, and we observe gain from 8 or 6 Rx beams only above 60-percentile even without DRX.
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