3GPP TSG-RAN WG4 Meeting#98-e                				R4-2102093
E-meeting, Jan 25th – Feb 5th, 2021

Source:	Nokia, Nokia Shanghai Bell 
Title:	Simulation results for HST in FR2
Agenda item:	11.7.2
Document for:	Discussion
Introduction
In this contribution, we provide initial system-level simulation results related to the work item in NR support for high-speed train scenario in FR2.

Simulation assumptions
In the initial simulations we have used two different options for HST deployment inter-site distances, 300 and 650 meters. In both settings all different RRH site locations had separate gNBs (1 BBU per RRH, RRC based mobility) either with uni-or bi-directional RRHs with 15 meters height. The speed of the train was 350 km/h and there was one UE (CPE) installed at the top of the train at 5 meters height from the ground. Both 1 beam and 2 beams per RRH cases were simulated. The detailed parameter setting can be found from Table 1.

Table 1: Detailed parameter settings
	Simulation parameter
	Value

	Number of sites (separate gNBs)
	10

	Inter-site distance (ISD, D_s)
	300, 650 m

	RRH distance to track (D_min)
	50, 10 m (50 m for ISD 300 m, and 10 m for ISD 650 m)

	RRH height (D_RRH_Height)
	15 m

	CPE height (D_CPE_Height)
	5 m

	Carrier frequency
	28 GHz

	Bandwidth
	50 MHz

	Subcarrier spacing
	120 KHz

	Propagation and channel model
	TR 38.901 UMa with LOS only [3]

	RRH antenna panel
	[Mg, Ng, M, N, P] = [1, 1, 8, 8, 2]
In uni-directional case panel is pointing towards the track at the x-axis where the next site is situated (ISD away)
In bi-directional case panel is pointing towards the track at the x-axis at ISD/2 away

	SSB beams per RRH
	1 beam:
Pointing into the boresight of the RRH antenna panel
2 beams:
One beam is pointing into the boresight and the other beam is pointing 20, 30 degrees (uni-directional, bi-directional respectively) towards the track from boresight

	Train speed
	350 km/h

	CPE antenna panel
	[Mg, Ng, M, N, P]=[1, 1 or 2, 4, 4, 2]
In uni-directional case where RRHs point east CPE has one antenna panel pointing west
In bi-directional case CPE has two antenna panels pointing to 180 degrees opposite directions (west-east)

	Traffic
	DL FTP3 with 2 files of 500 Kbytes per second per CPE

	Inter-cell interference
	In the initial simulations only one train with one CPE is simulated meaning there is no inter-cell interference

	Handover assumptions
	Event A3 with SS-RSRP
Offset: 3 dB
Time-to-trigger: 80 ms

	RRC L1 measurement period
	200 ms (5 measurement samples)

	Cell detection assumptions
	Delay: 600 ms

	RLM assumptions
	Tindication: 10 ms
Qout filtering period: 200 ms
Qin filtering period: 100 ms
N310: 2 samples
N311: 2 samples
Qout threshold SINR: -8 dB
Qin threshold SINR: -6 dB

	DRX
	DRX is disabled

	Simulation length
	100 seconds (50 drops of 100 seconds simulated)



Simulation results
In the initial simulations we have investigated the mobility performance using the following  metrics: cell time-of-stay (ToS), handover rate per CPE per second, ping-pong handover rate, percentage of mobility failures (radio link and handover failures, RLF + HOF) compared to all cell change events. Additionally, time-of-outage rate per call is investigated. It is defined as the combined effect of handover execution delay, radio link problem detection and generally lower experienced SINR than -8 dB threshold. Handover is described as ping-pong when two handovers between same cell-pair occur during one second. For 2 beams per RRH case, we have also investigated the beam switch rate.
Figure 1 shows the results for cell ToS with 1 beam per RRH simulation case. It is observed that in uni-directional case the median ToS follows closely the travel time of one ISD as the train moves about 97.2 m/s. For many cases (20-30%) ToS is much shorter than the travel duration of one ISD even in uni-directional case, because there are quite frequent handovers as seen in Figure 2 particularly for ISD 300 case. There can be overlaps in the handover regions particularly when we consider shadowing, which causes sometimes short ToS. For bi-direction case the time-of-stays are much shorter as expected due to more overlaps in RRH coverage areas causing more handovers to happen in both ISD 300 and 650 m cases.
Figure 3 shows the results for cell ToS with 2 beams per RRH simulation case. The ToS in 2 beams case follows quite closely the principles seen in 1 beam case. One notable difference is lower amount of short ToS for ISD 300 case with uni-directional RRHs when 2 beams are used. This can be caused by more coverage near the site which makes the CPE less prone to ping-pongs. On the other hand, like seen in the Figure 4 with handover rates in bi-directional case with ISD 300, 2 beams configuration increased the amount of handovers. It should be noted that these results can be heavily impacted by the beam directions in each case which is for further study.
[image: ][image: ]
        Figure 1 Cell time-of-stay with 1 beam per RRH                Figure 2 Handover rate with 1 beam per RRH
[image: ][image: ]
           Figure 3 Cell time-of-stay with 2 beams per RRH           Figure 4 Handover rate with 2 beams per RRH
In these initial mobility simulations we do not have any inter-cell interference which can affect the observation from Figure 5 that we do not see frequent mobility failures occurring although having high-speed train simulated. Only with the highest ISD and uni-directional case we see some failures, but the probability stays well below 1%. However, we do see a lot of ping-pong handovers in Figure 6, which are partly caused by aggressive handover settings. With more overlap in coverage areas of RRHs the ISD 300 m scenario generates much more ping-pong handovers, up to 35% of all handovers. Ping-pong rate is much lower than 10% in ISD 650 m scenario.
In similar manner for the case with 2 beams per RRH we can in Figure 7 that RLFs and HOFs are absent in these conditions without inter-cell interference. Although the selected aggressive handover setting may prevent some failures, it cause ping-pong handovers as seen in Figure 8.
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 Figure 5 Mobility failure percentage with 1 beam per RRH     Figure 6 Ping-pong handover rate with 1 beam per RRH
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Figure 7 Mobility failure percentage with 2 beams per RRH    Figure 8 Ping-pong handover rate with 2 beams per RRH

Time-of-outage is a very comprehensive mobility performance metric as it combines the aspects of handover execution delays and bad channel conditions seen when radio link problems occur. We can observe from Figure 9 that ISD 300 m with bi-directional RRHs has generally the highest time-of-outage rate, which is caused by the large number of handovers. Then we see completely opposite case as the second highest outage rate, ISD 650 m with uni-directional RRHs. That case had the lowest number of handovers, even though the coverage is the worst. Hence, some bad channel conditions can start to occur before handover is performed to the next gNB. The best time-of-outage rate is seen in uni-directional ISD 300 m case with good coverage, but rather low number of handovers. Note, that the number of handovers and ping-pongs compared to failure rates could be optimized using handover settings to minimize time-of-outage in each case, but this has not been considered in these initial simulations.
Figure 10 shows the time-of-outages for cases with 2 beams per RRH. We mainly observe that there is more time-of-outage for bi-directional case with ISD 300 compared to Figure 9. This is very probably caused by the high amount of ping-pong handovers in this case leading to a lot of handover execution delays. Different beam configurations may improve this situation and that is for further studies.
[image: ]
Figure 9 Time-of-outage per call with 1 beam per RRH
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Figure 10 Time-of-outage per call with 2 beams per RRH
As an additional statistics for 2 beams per RRH case Figure 11 shows the amount of intra-cell beam switches per CPE per second. The beam switch rate is heavily influenced by the ISD, because the setting is also different for D_min RRH distance to track, 10 meters for ISD 650 and 50 meters for ISD 300. In ISD 300 case we see multiple times higher beam switch rate. Also bi-directional setting causes more beam switches to occur. In ISD 650 case particularly with uni-directional setting the beam switches are very rare in the used simulation conditions. This would show that only one beam is mainly used during the time of stay in RRH making multiple beams less beneficial than in ISD 300 case. Note, that in these initial results we did not use beam failure detection modeling.
[image: ]
Figure 11 Intra-cell beam switch rate with 2 beams per RRH
[bookmark: _GoBack]Without inter-cell interference or DRX there are no significant problems observed in mobility as radio link failure and handover failure rates are very low.
Observation 2: Bi-directional RRH deployment causes more handovers to occur than uni-directional deployment leading into shorter time-of-stay in cell.
Observation 3: Multi-beam setting can be less beneficial in ISD 650 scenario where RRH distance to track is short (10 meters) compared to ISD 300 scenario with longer RRH distance to track (50 meters).

Conclusion
In this paper we provided initial system-level mobility performance results for NR HST in FR2. While further simulation studies are needed to draw final conclusions, we can already observe the following:
1. Without inter-cell interference and/or measurement relaxation there are no significant problems observed in mobility as radio link failure and handover failure rates are very low.

1. Bi-directional RRH deployment causes more handovers to occur than uni-directional deployment leading into shorter time-of-stay in cell.

1. Multi-beam setting can be less beneficial in ISD 650 scenario where RRH distance to track is short (10 meters) compared to ISD 300 scenario with longer RRH distance to track (50 meters).
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