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1      Introduction
One of the remaining issues regarding MeasConfig in TS 38.331 rel-15 (NR SA version) is
FFS Whether UE speed based TTT scaling (e.g. speedStatePars) is supported in Rel-15 (not applicable for EN-DC).
This paper presents simulation results and discusses on whether to introduce speed-dependent scaling of timeToTrigger for event-based measurement reporting in NR SA. 
2      Discussion
For RRM measurement in LTE, adjusting the parameter timetoTrigger is beneficial for preventing the pingpong handover and improving the handover success rate. Generally there are two methods to adjust timeToTrigger value in current LTE system.

· From UE point of view, timeToTrigger is adjustable by multiplying SpeedStateScaleFactors (determined by mobility state of a UE, i.e. the number of cell reselections or handovers in a configured period) with timeToTrigger configured in ReportConfigEUTRA. 

· Also, the network can require the UE mobility state information from the UE’s mobility history reporting (i.e. visited cell ID and time of stay) and configure UE with an appropriate timeToTrigger value. 

In [1], it was discussed that from the perspective of RRC level mobility, the baseline handover mechanism of NR has a big similarity with LTE. So either TTT scaling (e.g. speedStatePars) or mobility history reporting can be supported. Since there have not been analysed in respect to handover failure rate and frequency of ping pong handover, thus we would like to discuss the two based on the simulation results in this paper.

This system level simulation is improved to be applied in millimetre wave scenario based on the LTE simulation model in [2]. For 2GHz band, 3-sector per eNB is assumed and for 28GHz band, 12-SSB is transmitted per gNB. For both two scenarios, the timeToTrigger value is set as 0ms, 160ms and 320ms, and the UE velocity is set as 3km/h , 120km/h. 

·   Figure1 and 5 shows the handover success rate depending on varying timeToTrigger value with parameter setting as centre frequency of 28GHz, 2GHz respectively, both ISD of 500m, UE velocity of 3km/h and handover offset of 3dB. The results indicate that compared with 2GHz band, 28GHz band is more vulnerable to timeToTrigger parameter adjustment, i.e. the handover success rate decreases more seriously with higher timeToTrigger setting. 

·   Figure2 and 6 shows the pingpong rate for 28GHz and 2GHz respectively with UE velocity of 3km/h. It can be observed that compared with 2GHz band 3-sector scenario, 28GHz band 12-SSB scenario shows less frequency of pingpong handover. For both scenarios, by extending the timeToTrigger value, the pingpong rate decreased effectively. 

·   Figure3 and 7 shows the handover success rate depending varying timeToTrigger value with parameter setting as centre frequency of 28GHz, 2GHz respectively, both ISD of 500m, UE velocity of 120km/h and handover offset of 3dB. The results indicate that by increasing the UE velocity from 3km/h to 120km/h, compared with 2GHz 3-sector scenario (handover success rate decreased slightly), 28GHz band, 12-SSB scenario’s handover success decreases drastically especially set with higher timeToTrigger value.

·   Figure4 and 8 shows the ping pong rate for 28GHz and 2GHz with UE velocity of 120km/h respectively. It can be observed that by increasing UE velocity from 3km/h to 120km/h, the frequency of pingpong handover of both 28GHz band 12-SSB scenario and 2GHz band 3 sector scenario decreases and retaining in a low pingpong handover rate condition even with longer timeToTrigger setting.
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Figrue 1 HO success rate (28GHz_12SSB_3km/h, ISD=500m, offset=3dB)                       Figrue 2 pingpong rate (28GHz_12SSB_3km/h, ISD=500m, offset=3dB)
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Figrue 3 HO success rate (28GHz _12SSB_120km/h, ISD=500m, offset=3dB)  　　          Figrue 4 pingpong rate (28GHz_12SSB_120km/h, ISD=500m, offset=3dB)
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Figrue 5 HO success rate (2GHz _3sector_3km/h, ISD=500m, offset=3dB)　　　            Figrue 6 pingpong rate (2GHz_3sector_3km/h, ISD=500m, offset=3dB)
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Figrue 7 HO success rate (2GHz _3sector_120km/h, ISD=500m, offset=3dB)               Figrue 8 pingpong rate (2GHz_3sector_120km/h, ISD=500m, offset=3dB)
Based on the observations above, in order to keep a high handover success rate and a relatively low pingpong handover rate at the same time for millimetre wave deployment scenario, method of adjusting the timeToTrigger value depending on UE velocity is effective. For instance, when UE velocity is low (Figure1 and 2), it indicates that by setting higher timeToTrigger value as160ms can keep a preferable handover success rate as well as low ping pong handover rate. On the other hand, when UE velocity is high (Figrue3 and 4), by setting lower timeToTrigger value as 0ms can keep a relatively high handover success rate and low pingpong handover rate. 

Observation1: For millimetre wave deployment scenario, it is possible to achieve a relatively high handover success rate and low pingpong handover rate by adjusting the timeToTrigger value depending on UE velocity.

Proposal1: In NR SA, adjustment of timeToTrigger value depending on UE velocity shall be introduced. 
Proposal2: In NR SA, both UE speed based TTT scaling (e.g. speedStatePars) and mobility history reporting methods shall be supported for timeToTrigger value adjustment. 
3      Conclusion 
In this paper, we attempted to address the remaining issue in TS 38.331 i.e. FFS Whether UE speed based TTT scaling (e.g. speedStatePars) is supported in Rel-15 (not applicable for EN-DC). Consequently, the followings are observed and proposed.

Observation1: For millimetre wave deployment scenario, it is possible to achieve a relatively high handover success rate and low pingpong handover rate by adjusting the timeToTrigger value depending on UE velocity.

Proposal1: In NR SA, adjustment of timeToTrigger value depending on UE velocity shall be introduced. 
Proposal2: In NR SA, both UE speed based TTT scaling (e.g. speedStatePars) and mobility history reporting methods are supported for timeToTrigger value adjustment. 
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