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Introduction
During the RAN4#92 meeting, the work plan for RRM parts under high speed train scenarios [1] was approved. One part of the objective is to investigate and specify the UE RRM core requirements including cell detection and measurement latencies. To analyse the RRM requirements, we provide initial system simulation results for connected mode under high speed train scenarios using the 3GPP NR RMa scenario [2] and a simplified setup with 1 beam per cell. 
Discussion
In LTE Rel-14 RAN4 carried out initial simulations for HST for up 350km/h for PCell only. During that work it was acknowledged that there was a need to tighten the UE requirements concerning cell detection and measurement performance. TS 36.133 captures the updated requirements which applies for UE configured with highSpeedEnhancedMeasFlag.
For Rel-16 RAN4 has worked on LTE HST for PCell velocity of up to 500km/h and 350km/h when configured with CA. These requirements were just agreed and included an additional tightening of a number of UE requirements including:
· PCell reselection in idle mode
· UE uplink timing
· PCell measurements in connected mode with DRX
· SCell measurements 
Two new flags were added to TS 36.133, which are highSpeedEnhMeasFlag2 and highSpeedEnhMeasSCellFlag. The above requirements apply if the UE is configured with the flag. 
In order to analyse the impact of a UE in HST conditions in NR it is necessary to see how the UE performs on system level in terms of mobility performance. I.e. under the agreed conditions will the UE be able to identify, measure and report timely to the network such that network can send handover command to the UE in timely manner ensuring robust mobility. 
If cell detection and measurement latencies are too long relative to the UE velocity, this will result in late or missed handovers which then leads to RLF and drop of the connection. An additional aspect in NR compared to LTE is the support of multi-beam operation and beam management including beam failure detection and link recovery procedures.

Simulation scenario and parameters
We have used a simplified simulation setup in these initial simulations. The setup is based on the simulation setup used in the LTE HST simulations updated to use the NR RMa scenario [2]. The NR RMa includes pathloss fast fading channel models.   
In the setup we use 1 beam per cell and antenna wise the setup is similar to LTE. Most of the modelling parameters are similar to those used in LTE HST simulations (which origin from the Rel-14 HST work) except for receiver type (LMMSE-IRC instead of MRC), antenna configuration (2x2) and penetration loss (which is frequency dependent).
The actual simulation scenario is illustrated in the following Figure 1:
[image: ]
Figure 1 Illustration of the basic simulation setup.
In these initial simulations we have used angle of 11 degrees which gives a Da of 250m. The beam width is about 70 degrees.
The complete simulation parameters and assumptions are shown in Table 1. 
Table 1: System level simulation assumptions
	Parameters
	Value
	Comments

	Cell layout
	6 cells
	3 sites; 2 cells per site
2 wrap-around areas from the left and from the right

	Network synchronization
	Synchronized
	

	Inter-site distance (Ds)
	1000 m
	

	Distance between gNB and railroad track (Dmin)
	50 m
	

	Carrier frequency
	2.0 GHz, 3.6 GHz
	

	Carrier bandwidth
	10 MHz
	

	Subcarrier spacing
	15 kHz
	

	Antenna deployment
	11 degrees horizontal
6 degrees down-tilt
	

	Antenna configuration
	3D antenna, 2x2 MIMO in DL
Isotropic, 2x2 MIMO in UL
	

	Receiver types
	LMMSE-IRC in DL and UL
	

	Antenna gain
	BS: 17dBi
UE: 0dBi
	

	Antenna height
	BS: 35m
UE: 1.5m
	

	Main beam angle with respect to the x axis (angle a)
	±11 degrees
	Bi-directional coverage consists of two main beams pointing in opposite direction on railway tracks

	User speed
	500 km/h (138.9 m/s)
	

	[bookmark: OLE_LINK171][bookmark: OLE_LINK172][bookmark: OLE_LINK173]UE distribution
	All UEs are generated consecutively in the left most point with the scenario in 1.44 seconds (500 km/h, 30 UE/s).
	This is analogical of generating UEs in the train of 200m length.

	Number of UEs
	63
	

	User mobility model
	Constant speed, wrap around
	

	Distance-dependent path loss
	NR RMa [2]
	

	Line-of-sight condition
	LOS
	

	Penetration loss
	

 dB and  [3]
	

	Slow fading/Shadowing 
	NR RMa [2]
	

	Fast fading 
	NR RMa 3D channel model [2]
	

	Traffic type
	No data traffic in UL and DL, background load used for interference
	

	Background load
	Fixed as 0, 25%, 50%, 75%, 100% of RBs active in the network
	

	SSB periodicity
	40ms
	Single beam operation only

	Cell detection delay 
	Cell detection delay: 5* DRX cycles at SINR >= -6dB
	

	L1 measurement period
	Measurement period: 3* DRX cycles at SINR>=-6dB
	

	T310
	1s
	

	T312
	Disabled
	

	HO
	A3-based
	

	A3 event parameters
	Hysteresis: 0 dB
Threshold: 0, 3 dB 
Time-To-Trigger: 0 ms
	

	HO Preparation delay
	Constant delay of 50ms
	

	L3 filtering
	OFF
	

	DRX
	Long cycle values: OFF, 40ms, 80ms, 160ms, 320ms, 640ms
	Other parameters:
DRX inactivity timer: 10 ms
DRX on-duration length: 5 ms

	RACH parameters
	Constant delay of 40ms
	

	RRC measurement quantity
	RSRP
	

	RSRP Measurement Error Std.
	2dB
	Random error of +-2dB with a normal distribution is added to the RSRP measurement of each cell.
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	-8 dB
	

	Threshold Qin,SNR
	-6 dB
	

	RRC messages sent over the air
	HO command, HO complete
Measurement report
Re-Establishment (request, response, complete)
	

	RLM evaluation period
	10 DRX cycles
	Per requirements in 38.133

	Simulation time
	400 s
	



Simulation results
We have carried simulations at 2GHz and at 3.6GHz. The results between the two cases do not differ in this setup we list only one set of results – from the 3.6GHz case. 
Following sections include some of the initial simulation results looking at the following aspects:
1) Handover positioning map
2) Handovers per UE per second ratio
3) Ping-pong handover ratio
4) Handover failure ratio
In the simulations we only have an NR PCell and do not analyse inter-frequency, SCell or CA requirements.

Handover Positioning Map
Following figure illustrates where the handover in the simulation occurs. According to the deployment (as illustrated in figure 1) we would expect the handover to happen at the handover regions of the cells. In the simulations event A3 has been used with a threshold of 3dB.
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Figure 2 Simulation results showing the position of the handovers.
From the results we can observe following:
· When there is no DRX in use, the handover positions are very well aligned with the expected handover regions. We observe some cases which are misaligned which can be explained as due to slow fading effects.
· When the DRX is increased to 160ms, we observe the handover positions are still well aligned with the expected handover regions, but slightly delayed in the direction of train direction. Reason being the delay associated with the DRX and the impact on UE measurements and reporting delays.
· When the DXR is increased to 640ms we see that the handovers are no longer located at the handover regions which indicates that for HST case using a 640ms DRX in a 50% loaded system seems not to be able to deliver robust mobility.

Handovers per UE per second ratio
Following figure illustrates the handovers per UE per second ratio.
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Figure 3 Simulation results showing handover per UE per second ratio.
From the results we can observe following:
· As expected, the number of successful handovers per UE per second is heavily influenced by the used DRX cycle.
· Longer DRX and increased load has a significant negative impact on the handover success rate.
· When using shorter DRX the impact from the load is less significant.
· A3 threshold also has big impact on the number of handovers.
Results are as expected as the UE performance requirements are scaled according to the applied DRX cycle used. I.e. cell detection and measurement latencies can be expected to increase with increased DRX cycle – which of course negatively impacts the handover performance in HST scenario.

Ping-pong handover ratio
Next, we look at the ping pong rate. We have defined ping pong rate as handovers back and forth between same BSs within one second.
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Figure 4 Simulation results showing the ping pong handover rate.
We observe following:
· Setting the handover threshold low leads to an increase and very high amount of ping pongs when DRX is short.
· When DRX is long we observe very low number of ping pongs.
· When A3 threshold is increased the number of ping pongs are significantly reduced.
The results are as would be expected. The results show that from system level point of view, the more aggressive handover settings (e.g. short DRX and low A3 threshold) which favour high handover success rate, increases the number of ping pongs in the system. Even in a HST deployment.

Handover failure percentage
Finally, we look at the handover failure percentage. The handover failure percentage is defined as (RLF+HOF)/(RLF+HOF+HO)*100.
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Figure 5 Simulation results showing the handover failure percentage.
The handover failure percentage is the only metric where we observe a small difference in the results between 2GHz case and the 3.6GHz case. The difference is observed at lower loads with long DRX cycles, where we observe a small increase in the handover failure percentage in 3.6GHz compared to 2GHz.
From the results we see:
· Handover failure is heavily impacted by the load in system.
· Handover failure is heavily impacted by the DRX cycle applied.
· For shorter DRX cycles (or no DRX) we do not observe significant amount of handover failures. Only for 100% load case do we observe some handover failures also at no and short DRX cycles.
· In low network load situations, we do not observe any handover failures except for longest DRX cycle.
These results are as would be expected. I.e. long DRX cycles and high load has significant impact on the number of observed failures and handover failure rate.
Simulation conclusion and further work
From these initial simulation results – which are rather similar setup as used in the LTE HST evaluation – we can conclude that results from NR are very similar to the results from LTE. This is also as would be expected.
However, it should be noted that in these initial simulation results, the new aspects in NR related beam management has not been included. As we know NR support up 4 or 8 SSB beams in FR1. Additionally, NR also support CSI-RS based beam management. These aspects have not been analysed yet and would need further study and discussion in RAN4.
From the results we can conclude that we expect that at least a similar tightening of the basic requirements as was introduced in LTE 500km/h HST case, would be necessary also for the NR PCell case in HST conditions.
A similar tightening of the basic UE requirements as was introduced in LTE 500km/h HST case, would be necessary also for the NR PCell case in HST conditions.
The basic UE NR RRM requirements for NR HST would need to be tightened at least in a similar manner as done for the LTE HST case.
Baseline for tightened NR HST requirements for PCell can be the LTE 500km/h HST requirements.
From the results we can also conclude that NR HST mobility works as well as LTE with the following conditions:
· No beams are used (which may not be a valid condition)
· UE NR requirements for PCell are tightened at least to a similar extent as done in LTE 500km/h HST.
The results from simulations are pretty much as what would be expected due to the clear setup synergy. However, in NR it is not possible to ignore the support of beams and the impact from these would need additional analysis and discussion.
[bookmark: _Hlk20911819]NR support beam management which needs to be accounted when setting the UE requirements for HST.
Hence, RAN4 would need to simulate and analyse the system performance in the NR HST scenario accounting the following features:
· Cells in which more than 1 beam is used. It should be analysed how the system performance is expected to be in a multi-beam deployment. This would include MAC based beam management including beam tracking.
· RAN4 should generate generic UE requirements under well defined conditions. For the NR HST scenario, NR cells in FR1 will support 4 or 8 SSB beams. RAN4 should also look at NR HST performance under the conditions that more than 1 and potentially up to maximum number of beams are used. RAN4 could then discuss if any conditions need to be defined for the NR HST case.
· In the work RAN4 should account also the impact from beam failure detection and link recovery.
In the system performance analysis RAN4 should as baseline use the already agreed Rel-15 UE minimum requirements as baseline for performance analysis.
Further analysis is needed for the NR HST case accounting of multi-beam operation and beam management.

Conclusion
The document has presented initial system simulation results for Rel-16 NR HST scenarios at 500 km/h for UE in connected mode. The simulation setup is based on the one used in the LTE HST simulations updated to use the NR RMa scenario and fast fading model. 
From the results, the following observations and proposals are made:
1. A similar tightening of the basic UE requirements as was introduced in LTE 500km/h HST case, would be necessary also for the NR PCell case in HST conditions.
1. The basic UE NR RRM requirements for NR HST would need to be tightened at least in a similar manner as done for the LTE HST case.
Baseline for tightened NR HST requirements for PCell can be the LTE 500km/h HST requirements.
NR support beam management which needs to be accounted when setting the UE requirements for HST.
Further analysis is needed for the NR HST case accounting of multi-beam operation and beam management.
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