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[bookmark: _Ref92275496]Introduction
TR 38.854 is used to capture the analysis on FR2 HST deployment scenarios, selection of parameters, potential issues, and expected performance.
At RAN4#101-bis-e we have provider our text proposal (TP) [1] to TR 38.854 that demonstrated mobility performance in priority HST FR2 deployment scenarios based on the agreements on the number of Rx beams in two sets of HST enhanced requirements, i.e., Set-1 with 2 Rx beams and Set-2 with 6 Rx beams.
In our accompanying TP [2], we additionally provide simulation result in HST FR2 scenarios based on legacy (not enhanced) FR2 RRM requirements.
At RAN4#101-bis-e it was agreed to defined the only one DRX upper bound applicable both to Set1 and Set 2 requirements [3]:
[bookmark: _Hlk93524939]Issue 1-2-1: Train travelling opposite to the serving beam and upper DRX bound
	Agreement:
The DRX upper bound = 80 ms applies both to Sets 1 (Scenario-A) and 2 (Scenario-B).
Way forward:
The companies are encouraged to provide the analysis of Scenario-A where the train is travelling in the direction opposite to the serving beam orientation in the TR.



However, based on our simulation results reported in [1] and [2] we can observe that DRX cycle of 80 ms is still rather challenging for the uni-directional scenario-A where the train is travelling towards the serving beam.
Therefore, in this contribution we provide a deeper analysis of the scenario where the train travelling in the opposite direction to the serving beam orientation. Additionally, we draw the conclusions about the mobility performance of in HST FR2 deployments based on legacy and enhanced RRM requirements, i.e., the need for enhancements is validated.

TP to TR 38.854 v0.3.0 on Analysis of Mobility Performance in HST FR2 Deployment Scenarios
[bookmark: MCCQCTEMPBM_00000047][bookmark: MCCQCTEMPBM_00000087]
6.3.4.1.2.6	Bi-directional Scenario-B with DPS
This section shows system level simulation mobility performance results for bi-directional Scenario-B with DPS. Figure 6.3.4.1.2.6-1 shows successful beam switch rate per CPE per second and ping-pong rate as percentage of ping-pong beam switches per all beam switches. It is observed that DRX cycle and the number of beams per RRH have significant impact on beam switch rate by decreasing rate when DRX cycle increases. There are more beam switches with 2 beams per RRH than 1 beam per RRH as would be expected in DPS scenario.
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Figure 6.3.4.1.2.6-1 Beam switch and beam ping-pong rates
Figure 6.3.4.1.2.6-2 shows time-of-outage percentage per call (existence of CPE in the simulation) and average time-of-outage duration due to low SINR (below -8 dB) conditions. It is observed that the outage percentage per call is lower in DPS scenario than without DPS. This is caused by lower outage time in beam switch than handover. Only with DRX 160 ms the outage rate significantly increases from the level without DRX. This can be caused by less optimal beam selection.
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Figure 6.3.4.1.2.6-2 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.2.6-3 shows beam failure indication rate as percentage of BFIs per beam switches. Only in case of DRX 160 ms a significant rate of failures is observed but remaining in low rate. This indicates good performance in beam management with DPS in bi-directional Scenario-B.
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Figure 6.3.4.1.2.6-3 Beam failure indication rate
Figure 6.3.4.1.2.6-4 shows distribution of raw SINR values taken from the CQI measurements and it is observed that SINR level is high and clearly sufficient to support high mobility performance in the most cases. It is also observed that 2 beams per RRH only bring gain in cases where DRX cycle is lower than 160 ms. There is loss when the highest DRX cycle is used due to the least optimal beam management when longest delays are observed.
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Figure 6.3.4.1.2.6-4 SINR distributions

<<<Start of Text Proposal>>>

6.3.4.1.3	Conclusions on mobility performance
In the previous sections (6.3.4.1.1.1, 6.3.4.1.1.2, 6.3.4.1.2.1, 6.3.4.1.2.2), it was demonstrated that HST FR2 Scenario-A deployment (Figure 6.3.4.1.3-1) where the train is travelling in the direction opposite to serving beam orientation may experience mobility challenges when DRX cycle of 40 ms is used with legacy requirements. This happens due to the very fast degradation of serving RRH signal (Figure 6.3.4.1.3-2). However, there is a significant improvement in Scenario-A from enhanced requirements compared to legacy requirements. With enhanced requirements, mobility robustness is sufficient when DRX cycle of 40 ms is used, but problems can be observed when DRX cycle is increased to 80 ms when the train is travelling in the direction opposite to serving beam orientation.


[bookmark: _Ref91582437]Figure 6.3.4.1.3-1: A scheme of HST FR2 opposite uni-directional Scenario-A.

[image: ]
Figure 6.3.4.1.3-2: Propagation map of the serving RRH, antenna model without back lobe.

The RSRP traces of the serving (RRH1) and target (RRH2) RRHs are shown in Figure 6.3.4.1.3-3 with at different zoom levels. One can observe that the signal level from target RRH get high enough already much earlier than handover happens. However, the source RRH signal drops drastically near the RRH location. In this traced case, the handover happens early enough to transmit control messages even with realistic PDCCH model. It is also obvious that even slight delays in handover initiation will cause source RRH to drop to unreachable levels (e.g., RSRP below -120 dBm).
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Figure 6.3.4.1.3-3: RSRP traces of serving and target RRHs at two different scales. Vertical lines show A3 trigger coordinate, HO complete, and source RRH location.

Based on the simulation results and analysis presented above we can conclude that DRX cycle of 80ms shall be used with precautions in uni-directional Scenario-A.
In sections (6.3.4.1.1.3, 6.3.4.1.1.4, 6.3.4.1.1.5, 6.3.4.1.1.6, 6.3.4.1.2.3, 6.3.4.1.2.4, 6.3.4.1.2.5, 6.3.4.1.2.6) it was demonstrated that Scenario-B mobility performance with enhanced RRM requirements in both uni-directional and bi-directional scenarios is sufficient with DRX cycles up to 80 ms. Compared to legacy RRM requirements the mobility robustness measured by mobility failure and time-of-outage rates is significantly improved with enhanced RRM requirements also in Scenario-B.

<<<End of Text Proposal>>>
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