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Introduction
During the RAN4#103-e meeting, a number of agreements and open issues were outlined in the WF [1]. In this contribution, we continue to address any remaining open issues in the specification of RRM enhancements for FR2 HST and provide our views. 

Discussion
L1-SINR reporting with SSB-based CMR and dedicated IMR configured
From the WF in [1], the open issue for the SSB-based L1-RSRP measurement requirement for FR2 HST is as follows:
	Way forward:
Open issue needs further discussion
· Option 1: For L1-SINR measurements with SSB-based CMR and dedicated IMR configured for FR2 HST, the same enhancements as SSB-based L1-RSRP measurements should be applied.
· Option 2: Do not define enhancement for L1-SINR
· Other options are not precluded



One company raised a question as shown below. Pursuant to the company, there is no use case for L1-SINR under FR2 HST scenarios.
	QC
	We are open to discuss option 1, but can the proponents address our comment arguing that L1-SINR enhancement is not relevant when we have L1-RSRP enhancement already for FR2 HST? 
The major different between L1-RSRP and L1-SINR is taking interference into consideration. Given that high speed train crossing each other is rare and therefore two RRH transmitting simultaneously is rare, interference is low and L1-SINR measurement is not relevant.
Moreover, for FR2 HST, SSBs from adjacent RRHs are at least not overlapping, and is 2-1-1 even asking for non-overlapping, which further reduce the interference on SSBs.
To Samsung’s first round comment, R17 FR1 HST doesn’t define L1-SINR measurement delay enhancement, and the discussion started after R16 eMIMO WI closed.



It is important to mention that L1-RSRP and L1-SINR requirements are not mutually exclusive. Both requirements are applicable to FR2 HST since there is no applicability rule defined in the current specification specifically for L1-SINR. Hence, network is not restricted to choose L1-RSRP and not L1-SINR for FR2 HST. Further, operators may configure their networks to use L1-SINR instead of L1-RSRP.    
Observation 1: L1-SINR measurement requirements are applicable to FR2 HST.

Based on the above observation, we recommend applying the same enhancements as the above SSB-based L1-RSRP agreement.      
For L1-SINR measurements with SSB-based CMR and dedicated IMR configured for FR2 HST, the same enhancements as SSB-based L1-RSRP measurements should be applied.  
The TP for the enhancement for the requirement can be found in [2]. 
SMTC periodicity > 40 ms
From [1], the agreement for intra-frequency cell identification when SMTC periodicity > 40 ms is
	Agreement:
Option 1 agreed as starting point and further work on the drafting CR revision including table heading and note 3.

Way forward:
Further discussion is needed on how to define HST FR2 requirements if SMTC periodicity is > 40 ms.
· Option 1: Apply the FR2 HST enhanced requirement only when SMTC <=40ms cases. When SMTC period > 40ms, requirements in Table 9.2.5.2-2 apply.
· Option 2: Delete NOTE 3, keep table titles without changes and set M2 = 1.5
· Other options are not precluded




Pursuant to the agreed Option 1 above, the legacy requirements for PSS/SSS detection and measurement delays in Tables 9.2.5.1-2 and 9.2.5.2-2 of TS 38.133, respectively, apply to FR2 HST scenarios when SMTC periodicity > 40 ms. 
Observation 2: Legacy requirements for PSS/SSS detection and measurement delays apply to FR2 HST when SMTC periodicity > 40 ms.
From the simulation results given in TR 38.854, 6.3.4.1.1, we conclude that complete mobility failures occur if the legacy requirements are applied to FR2 HST UE travelling at the maximum speed 350 km/h. The simulation results for unidirectional scenarios are shown below. 

 
	[bookmark: _Toc98503635][bookmark: _Toc99087635]6.3.4.1.1.1	Uni-directional Scenario-A without DPS
This section shows system level simulation mobility performance results for uni-directional Scenario-A without DPS for both the case when train is traveling into same direction (Dir:Same in legends) as RRH beam are pointing to and into opposite direction (Dir:Opposite in legends). Figure 6.3.4.1.1.1-1 shows successful handover rate per CPE per second and ping-pong rate as percentage of ping-pong handovers per all handovers. Ping-pong handover is observed when two handovers happen back and forth between two same cells in one second. It is observed that handover and ping-pong rates are the highest without DRX and gradually decrease when DRX cycle is increased. Significant drop in successful handovers is observed when train travels to opposite direction than RRH beams are pointed to and DRX is used. Ping-pongs are not observed in the cases with DRX configured.
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Description automatically generated]Figure 6.3.4.1.1.1-1 Handover and ping-pong handover rates
Figure 6.3.4.1.1.1-2 shows average time-of-stay in cell (RRH). It is observed that without DRX the time-of-stay in RRH is slightly lower than the time train with 350 km/h speed takes to travel the distance of one Ds of 700 meters (about 7.2 seconds). This result is due to ping-pongs observed in Figure 6.3.4.1.1.1-1. With DRX cycles 80-160 ms the time-of-stay increases to over 7 seconds.
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Figure 6.3.4.1.1.1-2 Time-of-stay in cell
Figure 6.3.4.1.1.1-3 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. Time-of-outage percentage per call includes all the sources of outage combined. This consists of handover execution time, the time it takes to perform radio link failure related procedures from observing radio link problem until re-establishment of connection and the time below -8 dB SINR conditions are observed in the simulation even prior to radio link problem can be detected based on filtering. It is observed from the results that significant outage is detected only in case train travels to opposite direction than RRHs are pointing to and DRX is used.
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Figure 6.3.4.1.1.1-3 Time-of-outage per call and time-of-outage duration due to low SINR
Figure 6.3.4.1.1.1-4 shows inter-cell mobility failure rate (RLF + HOF percentage of all handover and failure events). The results show that failure rate is very high in case train is traveling to opposite direction than RRH beams are pointing to and DRX is used in case of legacy RRM requirements. DRX 40 ms causes about 70% failure rate and DRX 80-160 ms causes even higher number of problems with over 80% failure rate in this scenario. No failures are observed when train is traveling into same direct as RRH beams are pointing to.
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Figure 6.3.4.1.1.1-4 Mobility failure rate
Figure 6.3.4.1.2.1-5 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 except in the cases with DRX 40-160 ms and train traveling to opposite direction.
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Figure 6.3.4.1.1.1-5 SINR distributions




[bookmark: _Hlk106807173]Observation 3: When the legacy requirements for PSS/SSS detection and measurement delays apply to FR2 HST UE travelling at the maximum speed 350 km/h, complete mobility failures occur as shown by the simulation results.
Based on Observation 3, we propose to add the following note to TS 38.133, 9.2.5.1:
 For UE supporting power class 6 with highSpeedMeasFlagFR2-r17 configured, if SMTC <= 40ms, TPSS/SSS_sync_intra is given in Table 9.2.5.1-11; [otherwise, TPSS/SSS_sync_intra is given in Table 9.2.5.1-2.] 
Note: Operation with TPSS/SSS_sync_intra in Table 9.2.5.1-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios considered in this release.
For UE supporting power class 6 with highSpeedMeasFlagFR2-r17 configured, if SMTC <= 40ms, TSSB_measurement_period_intra is given in Table 9.2.5.2-7; [otherwise, T SSB_measurement_period_intra is given in Table 9.2.5.2-2.]
Note: Operation with T SSB_measurement_period_intra in Table 9.2.5.2-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios considered in this release.
 The TP for the note for the requirement can be found in [3].
Conclusion
The document has discussed remaining open issues for FR2 HST RRM requirements. Based on our discussions, we propose the following:
Observation 1: L1-SINR measurement requirements are applicable to FR2 HST.
1. For L1-SINR measurements with SSB-based CMR and dedicated IMR configured for FR2 HST, the same enhancements as SSB-based L1-RSRP measurements should be applied.  
Observation 2: Legacy requirements for PSS/SSS detection and measurement delays apply to FR2 HST when SMTC periodicity > 40 ms.
Observation 3: When the legacy requirements for PSS/SSS detection and measurement delays apply to FR2 HST UE travelling at the maximum speed 350 km/h, complete mobility failures occur as shown by the simulation results.
For UE supporting power class 6 with highSpeedMeasFlagFR2-r17 configured, if SMTC <= 40ms, TPSS/SSS_sync_intra is given in Table 9.2.5.1-11; [otherwise, TPSS/SSS_sync_intra is given in Table 9.2.5.1-2.] 
Note: Operation with TPSS/SSS_sync_intra in Table 9.2.5.1-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios considered in this release.
For UE supporting power class 6 with highSpeedMeasFlagFR2-r17 configured, if SMTC <= 40ms, TSSB_measurement_period_intra is given in Table 9.2.5.2-7; [otherwise, T SSB_measurement_period_intra is given in Table 9.2.5.2-2.]
Note: Operation with T SSB_measurement_period_intra in Table 9.2.5.2-2 may not be guaranteed for the maximum speed under high-speed deployment scenarios considered in this release.
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Average time-of-outage duration due to low SINR (Scenario:A-unidir)

T
500 W Dir:Same,
mmm DirOpposite,
7 400
E
<
£ [ |
£ 300
3
4
‘8’ l
3 200 —
5
3
s l
£
) i l
0 |
0 0

DRX




image6.png
(RLF+HOF)/(HO+RLF+HOF) * 100 [%]

100

Inter-cell mobility failure rate (Scenario:A-unidir)

1T
EEN DirSame,

== DirOpposite,

DRX





image7.png
CDF

10

08

06

04

02

00

SINR distribution (Scenario:A-unidir)

DRX.0, Dir:Same,
DRX:40, Dir:Same,
DRX:80, Dir:Same,
DRX:160, Dir:Same,
DRX:0, Dir:Opposite,
DRX:40, Dir:Opposite,
DRX:80, Dir:Opposite,
DRX:160, Dir-Opposite,

0 10 20 30 40

SINR [dB]

50 60




