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< Start of change 1 >

[bookmark: _Toc98503632][bookmark: _Toc99087632]6.3.4	Mobility Performance
RAN4 discussed the RX beam number for RRM requirements definition and agreed to 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.
NOTE: 	if there is insignificant difference between Scenario A and B requirements, then further discussion on unified requirements can take place
For RRC CONNECTED mode requirements for DRX (based on GtW):
-	Define requirements for the short DRX configurations (≤ [80] ms).
Handover:
-	Existing FR2 requirement should be applicable to the HST FR2 deployments when the target cell is known.
Requirements on inter-frequency measurements:
-	Do not define inter-frequency measurements requirements for FR2 HST.
Requirements on inter-RAT measurements:
-	Do not define inter-RAT measurements requirements for FR2 HST.
Measurement procedures:
1)	Cell identification - PSS/SSS detection:
-	Option1: The Cell identification - PSS/SSS detection requirements shall be enhanced.
2)	Cell identification - Intra-frequency measurements:
-	Option 1: The intra-frequency measurement requirement shall be enhanced.
3)	Restriction on SMTC periodicity:
-	Restriction on SMTC periodicity configuration are preferred in FR2 HST.
4)	CSI-RS based L3 measurements:
-	The analysis of the requirements to be de-prioritized.
L1 measurements:
-	The L1 measurements shall be enhanced.
[bookmark: _Toc98503633][bookmark: _Toc99087633]6.3.4.1	System-level evaluation of mobility performance by Nokia
The simulation results are obtained from fully dynamic system-level simulations, which were carried out to evaluate RRM requirements and mobility performance under high-speed train scenarios in FR2. Simulations were performed with train speed 350 km/h in both uni- and bi-directional Scenario-A and -B.
The results include “non-SFN and non-DPS” (i.e., without DPS) transmission scheme analysis corresponding to L3-mobility based on the traditional HO procedure. In these simulations, it is assumed that each BBU has only one RRH creating a more challenging mobility scenario due to longer delays. Alternatively, simulation results for Dynamic Point Selection (DPS) deployments assume that all RRHs are connected to the same BBU, i.e., the mobility is based on L1 measurements and is provided by beam management procedures instead of HO.
Additionally, different settings are considered for DRX configurations in CONNECTED mode, including DRX disabled and DRX cycles of 40, 80, and 160 ms.
On the RRH side, the number of Tx beams is chosen according to the deployment, i.e., only 1 Tx beam in Scenario-A, and 1 or 2 Tx beams in Scenario-B.
Non-ideal PDCCH model is used with Aggregation Level (AL) 16.
The simulation assumptions and parameters for the evaluation of mobility performance are shown in Table 6.3.8.1-1. The differences from these parameters are explicitly described in the sections below.
[bookmark: _Toc98503634][bookmark: _Toc99087634]6.3.4.1.1 Legacy RRM requirement mobility performance
In the sub-sections below the mobility performance results in HST FR2 deployments based on legacy, i.e., not enhanced, FR2 requirements are presented.
In Table 6.3.4.1.1-1, we show parameters that are different from the ones presented in Table 6.3.8.1-1.
Table 6.3.4.1.1-1: Legacy simulation assumptions for mobility performance evaluation.
	Parameter
	Value

	Number of beams per CPE panel
	Enhanced requirements:
Uni-directional Scenario-A:
1 Rx beam (scaling factor 8 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
Rx beam is oriented parallel to the railway track towards the serving Tx beam.
Uni-directional Scenario-B:
8 Rx beams (scaling factor 8 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
Rx beam orientations (90 degrees is boresight of antenna panel): 55, 65, 75, 85, 95, 105, 115, 125 degrees (only first three are usable for RRHs north from track to be comparable with bi-directional case)
Bi-directional Scenario-B:
4 Rx beams (scaling factor 8 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
Rx beam orientations (90 degrees is boresight of antenna panel): 55, 65, 75, 85 degrees
Bi-directional Scenario-A:
1 Rx beam per panel (scaling factor 8 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
Two Rx beams of the CPE are oriented parallel to the railway track in opposite directions.

	DRX
	DRX disabled (DRX 0), 40, 80, 160 ms cycles

	RRC measurement period
L1 RSRP measurement period
	N=8 assumed in scaling
DRX 0: 480 ms
DRX 40: 1440 ms
DRX 80: 2880 ms
DRX 160: 5760 ms

	Cell detection delay
(TPSS/SSS_sync_intra)
	N = 8 is assumed in scaling
DRX 0: 600 ms
DRX 40: 1440 ms
DRX 80: 2880 ms
DRX 160: 5760 ms

	RLM assumptions
	N=8 assumed in scaling
TEvaluate_out_CSI-RS: 600, 3600, 7200, 14400 ms (DRX 0, 40, 80, 160)
TEvaluate_in_CSI-RS: 300, 1800, 3600, 7200 ms (DRX 0, 40, 80, 160)

	BFD assumptions
	N=8 assumed in scaling
TEvaluate_BFD_CSI-RS: 300, 1800, 3600, 7200 ms (DRX 0, 40, 80, 160)

	PDCCH model
	Non-ideal PDCCH model with AL16



Note: Text without changes is omitted.

[bookmark: _Toc98503640][bookmark: _Toc99087640]6.3.4.1.1.6	Bi-directional Scenario-B with DPS
This section shows system level simulation mobility performance results for bi-directional Scenario-B with DPS. Figure 6.3.4.1.1.6-1 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 6.3.4.1.1.6-1 Beam switch and beam ping-pong rates
Figure 6.3.4.1.1.6-2 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 6.3.4.1.1.6-2 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.1.6-3 shows beam failure indication rate as percentage of BFIs per beam switches. Beam failure indication are only observed with DRX with generally more problems in the case with 1 beam per RRH.
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Figure 6.3.4.1.1.6-3 Beam failure indication rate
Figure 6.3.4.1.1.6-4 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 80 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 6.3.4.1.1.6-4 SINR distributions
6.3.4.1.1.7	Bi-directional Scenario-A without DPS
This section shows system-level mobility performance simulation results for bi-directional Scenario-A without DPS with legacy RRM requirements. In addition to other parameters varied in the rest of the scenarios, the results with both multi-panel assumption 1 (MPUEAssumption:as1) and 3 (MPUEAssumption:as3) are shown here. With assumption 1, only one panel at a time can perform measurements and with assumption 3 both panels can measure at the same time.
Figure 6.3.4.1.1.7-1 shows handover rate per CPE per second and ping-pong handover rate relative to all handovers. It is observed that assumption 3 increases the number of handovers, but not always the number of ping-pongs in this scenario. When measuring with both panels at the same time the measurements are more up to date, which may reduce back-and-forth ping-pong handovers. As seen in other scenarios, longer DRX cycles significantly reduce the number of handovers.
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Figure 6.3.4.1.1.7-1 Handover and ping-pong handover rates
Figure 6.3.4.1.1.7-2 shows average time-of-stay in a cell. In bi-directional scenario, time-of-stay is very short without DRX due to frequent handovers. The time-of-stay is generally longer with assumption 1 due to more delays in following the best radio conditions, causing less handover to occur. Also, longer DRX cycles increase the average time-of-stay in a cell.
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Figure 6.3.4.1.1.7-2 Time-of-stay in cell
Figure 6.3.4.1.1.7-3 shows time-of-outage statistics for both the total percentage of outage conditions relative to call length and average durations of outage due to low SINR level. With legacy requirements, the time-of-outage is very significant even without DRX and when multi-panel UE assumption 1 is configured. This is caused by the long delays due to legacy scaling factor 8 particularly when train is traveling towards the serving beam and quickly passing through the RRH location.
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Figure 6.3.4.1.1.7-3 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.1.7-4 shows mobility failure rates, and it behaves in the similar way as time-of-outage. The failure rate is high particularly with DRX, but also without DRX in cases where assumption 1 is configured.
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Figure 6.3.4.1.1.7-4 Mobility failure rate
Figure 6.3.4.1.1.7-5 shows SINR distributions for all simulated DRX cycles and multi-panel assumptions. It is observed that with legacy requirements only cases without DRX can provide fast enough mobility procedures to maintain good SINR level. However, with assumption 1, also the case without DRX has significantly degraded SINR for over 5% of the samples.
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Figure 6.3.4.1.1.7-5 SINR distributions
6.3.4.1.1.8	Bi-directional Scenario-A with DPS
This section shows system-level mobility performance simulation results for bi-directional Scenario-A with DPS with legacy requirements.
Figure 6.3.4.1.1.8-1 shows beam switch and beam ping-pong rates. The results show that the beam switch rate is significantly higher with multi-panel assumption 3, which is inline with the results seen in 6.3.4.1.1.7 for handovers in non-DPS case. Also, longer DRX cycles decrease the number of beam switches. Ping-pong rates are much more variant depending on DRX cycle where multi-panel assumptions are rather equal except in DRX 80 ms case, where there is higher ping-pong rate with assumption 3.
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Figure 6.3.4.1.1.8-1 Beam switch and beam ping-pong rates
Figure 6.3.4.1.1.8-2 shows time-of-outage statistics with DPS. The results show that the rates generally increase with longer DRX but are lower than in non-DPS case in 6.3.4.1.1.7. Non-DRX case does not cause significant outages with either assumption 1 or 3. Due to high delays caused by legacy requirements and DRX, the time-of-outage can be high with both multi-panel assumptions when the longest DRX cycle is used.
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Figure 6.3.4.1.1.8-2 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.1.8-3 shows beam failure indication rates in DPS scenario. It is observed that beam failures are either not observed at all or almost zero without DRX depending on the multi-panel assumption. However, when DRX cycle increases the failure indication rates become high with both assumptions.
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Figure 6.3.4.1.1.8-3 Beam failure indication rate
Figure 6.3.4.1.1.8-4 shows SINR distributions for all simulated DRX cycles and multi-panel assumptions. It is observed that SINR significantly degrades when mobility delays are increased with DRX cycles. The SINR difference between multi-panel assumptions is not so clear as in non-DPS case in 6.3.4.1.1.7. Assumption 3 gives gain in median and peak percentiles of the CDF particularly without DRX, but assumption 1 can be better in low percentiles of the CDF.
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Figure 6.3.4.1.1.8-4 SINR distributions

< End of change 1 >


< Start of change 2 >

[bookmark: _Toc98503641][bookmark: _Toc99087641][bookmark: _Toc98503647][bookmark: _Toc99087647]6.3.4.1.2 Enhanced RRM requirement mobility performance
In the sub-sections below the mobility performance results in HST FR2 deployments with enhanced requirements selected according to the number of Rx beams are presented, i.e., with scaling factors 2 for Scenario-A and 6 for Scenario-B.
In Table 6.3.4.1.2-1, we are introducing the parameters that are different in between the baseline legacy FR2 RRM requirements (assuming scaling factor 8) and enhanced HST FR2 requirements.
Table 6.3.4.1.2-1: Enhanced simulation assumptions for mobility performance evaluation.
	Parameter
	Value

	Number of beams per CPE panel
	Enhanced requirements:
Uni-directional Scenario-A:
· 1 Rx beam (scaling factor 2 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
· Rx beam is oriented parallel to the railway track towards the serving Tx beam.
Uni-directional Scenario-B:
· 6 Rx beams (scaling factor 6 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
· Rx beam orientations (90 degrees is boresight of antenna panel): 65, 75, 85, 95, 105, 115 degrees (only first three are usable for RRHs north from track to be comparable with bi-directional case)
Bi-directional Scenario-B:
· 3 Rx beams (scaling factor 6 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
· Rx beam orientations (90 degrees is boresight of antenna panel): 65, 75, 85 degrees
Bi-directional Scenario-A:
· 1 Rx beam per panel (scaling factor 2 is assumed for RRC measurements, L1 measurements and cell detection delays in simulations)
Two Rx beams of CPE are oriented parallel to the railway in opposite directions.

	DRX
	DRX disabled (DRX 0), 40, 80, 160 ms cycles

	RRC measurement period
L1 RSRP measurement period
	Scaling factor N=2:
DRX 0: 120 ms
DRX 40: 360 ms
DRX 80: 720 ms
DRX 160: 1440 ms 
Scaling factor N = 6:
DRX 0: 360 ms
DRX 40: 1080 ms
DRX 80: 2160 ms
DRX 160: 4320 ms

	Cell detection delay
(TPSS/SSS_sync_intra)
	Scaling factor N=2:
DRX 0: 600 ms
DRX 40: 600 ms
DRX 80: 720 ms
DRX 160: 1440 ms
Scaling factor N = 6:
DRX 0: 600 ms
DRX 40: 1080 ms
DRX 80: 2160 ms
DRX 160: 4320 ms

	RLM assumptions
	Scaling factor N=2:
TEvaluate_out_CSI-RS: 600, 3600, 720, 14400 ms (DRX 0, 40, 80, 160)
Scaling factor N = 6:
TEvaluate_out_CSI-RS: 600, 3600, 720, 14400 ms (DRX 0, 40, 80, 160)

N310: 2 samples
N311: 2 samples
Qout threshold SINR: -8 dB
Qin threshold SINR: -6 dB

	BFD assumptions
	Scaling factor N=2:
TEvaluate_BFD_CSI-RS: 300, 1800, 3600, 7200 ms (DRX 0, 40, 80, 160)
Scaling factor N = 6:
TEvaluate_BFD_CSI-RS: 300, 1800, 3600, 7200 ms (DRX 0, 40, 80, 160)


	PDCCH model
	Non-ideal PDCCH model with AL16



Note: Text without changes is omitted.

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
6.3.4.1.2.7	Bi-directional Scenario-A without DPS
This section shows system level mobility performance simulation results for bi-directional Scenario-A without DPS with enhanced RRM requirements. In addition to other parameters varied in the rest of the scenario the results with both multi-panel assumption 1 (MPUEAssumption:as1) and 3 (MPUEAssumption:as3) are shown here. With assumption 1, only one panel at a time can perform measurements and with assumption 3 both panels can measurement at the same time.
Figure 6.3.4.1.2.7-1 shows handover rate per CPE per second and ping-pong handover rate. It is observed that assumption 3 increases the number of handovers, but not the number of ping-pongs in this scenario. When measuring with both panels at the same time, the measurements are more up to date, which may reduce back-and-forth ping-pong handovers. As it can be seen in other scenarios, longer DRX cycles significantly reduce the number of handovers. Enhanced requirements increase the number of handovers compared to legacy requirements due to lower mobility delays from measurements.
[image: Chart, bar chart

Description automatically generated][image: Chart, bar chart

Description automatically generated]
Figure 6.3.4.1.2.7-1 Handover and ping-pong handover rates
Figure 6.3.4.1.2.7-2 shows average time-of-stay in a cell. In bi-directional scenario, time-of-stay is very short without DRX due to frequent handovers. The time-of-stay increases with longer DRX cycles. The time-of-stay is generally shorter with enhanced requirements due to lower mobility delays compared to legacy requirements.
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Figure 6.3.4.1.2.7-2 Time-of-stay in cell
Figure 6.3.4.1.2.7-3 shows time-of-outage statistics for both the total percentage of outage conditions relative to call length and average durations of outage due to low SINR level. Even with enhanced requirements the time-of-outage is very significant when multi-panel UE assumption 1 is configured and DRX is used. With longest DRX cycle, also outage with assumption 3 is high. However, the outage rates are much lower with these enhanced requirements than the legacy requirements.
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Figure 6.3.4.1.2.7-3 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.2.7-4 shows mobility failure rates, and it is observed that in the similar way as time-of-outage, the failure rate is high particularly with DRX, but also without DRX in cases where assumption 1 is configured. However, the failure rates are much lower with these enhanced requirements than the legacy requirements.
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Figure 6.3.4.1.2.7-4 Mobility failure rate
Figure 6.3.4.1.2.7-5 shows SINR distributions for all simulated DRX cycles and multi-panel assumptions. It is observed that with enhanced requirements DRX cycles up to 80 ms with multi-panel assumption 3 can provide fast enough mobility procedures to maintain a good SINR level. Also, multi-panel assumption 1 can provide good SINR without DRX in over 95% of the samples. Higher DRX cycles have significantly degraded SINRs with assumption 1.
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Figure 6.3.4.1.2.7-5 SINR distributions
6.3.4.1.2.8	Bi-directional Scenario-A with DPS
This section shows system level mobility performance simulation results for bi-directional Scenario-A with DPS with enhanced RRM requirements.
Figure 6.3.4.1.2.8-1 shows beam switch and beam ping-pong rates. The results show that the beam switch rate is significantly higher with multi-panel assumption 3, except in the case without DRX where the numbers are rather equal. Also, longer DRX cycles decrease the number of beam switches. The beam switch rate is generally higher with enhanced requirements compared to legacy requirements. Ping-pong rates are quite equal between the multi-panel assumptions.
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Figure 6.3.4.1.2.8-1 Beam switch and beam ping-pong rates
Figure 6.3.4.1.2.8-2 shows time-of-outage statistics with DPS. The results show generally very low outage rate with enhanced requirements up to DRX cycle 80 ms.
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Figure 6.3.4.1.2.8-2 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.2.8-3 shows beam failure indication rate with enhanced requirements. The rate is very low or zero up to DRX cycle 80 ms with both multi-panel assumptions-
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Figure 6.3.4.1.2.8-3 Beam failure indication rate
Figure 6.3.4.1.2.8-4 shows SINR distributions for all simulated DRX cycles and multi-panel assumptions with enhanced requirements. It is observed that SINR levels are generally good up to DRX cycle 80 ms and the SINRs with the longest DRX cycle 160 ms are much less degraded than in the scenario with legacy requirements. The SINR difference between multi-panel assumptions is not so clear as in non-DPS case in 6.3.4.1.2.7. Assumption 3 gives gain in median and peak percentiles of the CDF particularly without DRX, but assumption 1 can be better in low percentiles.
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Figure 6.3.4.1.2.8-4 SINR distributions

< End of change 2 >


< Start of change 3 >

[bookmark: _Toc98503648][bookmark: _Toc99087648]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.
In sections 6.3.4.1.1.7, 6.3.4.1.1.8, 6.3.4.1.2.7, 6.3.4.1.2.8, it was shown that Scenario-A with bi-directional deployment needs similar precautions for DRX cycle of 80 ms as uni-directional scenario. Also, bi-directional scenario mobility robustness is significantly improved by the enhanced RRM requirements compared to legacy RRM requirements. Multi-panel UE measurement assumption was also shown to have significant impact to mobility robustness particularly in non-DPS scenario. Having UE capability to measure both directions at the same time can benefit mobility robustness.

< End of change 3 >
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