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Introduction
This contribution provides simulation results for the beam-based inter-cell mobility and high speed train (HST) as proposed in the companion contribution [1].

Simulation results for beam-based inter-cell mobility
A system-level evaluation with the agreed full buffer traffic model is carried out for Dense Urban (Macro only) scenario. SU-MIMO transmission is considered in the simulation. The relevant evaluation assumptions (EVMs) and parameters are listed in Table 1 in the Appendix, which closely resembles the EVM agreed offline and captured in [2]. To model UE mobility, UE locations on a linear trajectory are sampled an illustration of which is shown in Fig. 1. Note that since the simulation time is fixed, the number of samples modelled increases with UE speed. So, in this setup, the actual number of samples modelled for UEs at 30 km/h is less that for UEs at 120 km/h.



[bookmark: _Ref48644857]Fig. 1. An illustration of sampling on linear trajectory
The UE throughput performance comparing Rel.15/16-based mobility and proposed beam-based inter-cell mobility are provided in Fig. 2 (average and 5% UE throughput) and Fig. 3 (CDF of UE throughout) for two mobility scenarios: 30 and 120 km/h. In Fig. 2, the results are shown with Rel.15/16-based mobility with 30 km/h as reference. We can observe the following.
Observation 1: For the dense urban scenario,
· the performance of Rel. 15/16-based mobility degrades severely with high mobility, i.e., ~26% and ~41% loss in avg. and 5% UE throughput,
· the performance of proposed beam-based mobility is significantly better than Rel. 15/16-based mobility
· 27% and 50% additional gain in avg. UE throughput at 30 and 120 km/h, respectively, 
· the performance of proposed beam-based mobility remains the same on average for two UE speeds (30 and 120 km/h), and
· based on the CDF of UE throughput, the performance at 30 km/h is better in high percentile regime and that at 120 km/h is better in low percentile regime.

[bookmark: _Ref48644937]Fig. 2. Full buffer: avg. and 5% UE throughput.
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[bookmark: _Ref48738486]Fig. 3. Full buffer: CDF of UE throughput

Simulation Results for High Speed Train (HST)
A system-level evaluation with the agreed[footnoteRef:1] full buffer traffic model is carried out for HST scenario. The relevant evaluation assumption (EVMs) and parameters are listed in Table 2 in the Appendix, which closely resembles the EVM agreed offline and captured in [2]. The simulation assumptions remain the same as in Table 2 in the Appendix except the following: [1:  Any difference or additions to the agreed assumption is described in this document.] 

· The height of the base station and the UE are assumed to be same (2.5 meters).
· Each RRH has 16 beams in the azimuth direction, with a bearing of +/- 20o.
· The UE is assumed to be omnidirectional.
· The UE moves from RRH2 to RRH5, at a speed of 256 km/h, the trajectory is sampled every 1 millisecond (7.11 cm). Total number of simulated points is 8438 points (8.438 seconds).
· The simulation considers the impact of beam latency on the throughput. Three cases have been simulated, with 0 beam latency delay, with 25 millisecond beam latency delay and with 50 millisecond beam latency delay.
An illustration of the system layout and trajectory is shown in Fig.5. Fig. 6 illustrates the relative throughput along the track with different beam switching latencies. To get the average throughput, the throughput is averaged across N points (N milliseconds), and then divided by the maximum average throughput along the track. As expected, the throughput decreases as the UE moves further away from the RRH, then a sudden jump occurs as the UE starts communicating with the next RRH. It should be noted from the figures, that with a longer beam switching latency, the transition to the next RRH is delayed by an amount equivalent to the beam switching latency. Furthermore, as the UE switches to the new RRH and it is close to the new RRH, the rate of beam change is the fastest, increasing the beam switching latency results in a UE using a less optimal beam until the UE moves further away from the RRH, at which time the rate of beam change decreases. This is apparent from the fact that the sudden jump in relative throughput at the RRH is less abrupt in case of a longer beam switching latency. To better see the impact of beam switching latency on throughput, Fig. 7 is an illustration of the CDF distribution of the relative throughput. Increasing the beam switching latency moves the CDF further to the left.


Fig 5: An illustration of the HST scenario layout and UE trajectory.
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Fig 6: Relative throughput along the track with different beam switching latencies.
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Fig 7: CDF distribution of relative throughput.
Observation 2: For the high speed train scenario, the impact of beam switching latency is more profound as the UE moves past the RRH, where the rate of change of beams is fastest. Based on the CDF of the relative UE throughput, increasing the beam switching latency reduces throughput.

Conclusion
1 
2 
In this contribution, the following observations are made: 
Observation 1: For the dense urban scenario,
· the performance of Rel. 15/16-based mobility degrades severely with high mobility, i.e., ~26% and ~41% loss in avg. and 5% UE throughput,
· the performance of proposed beam-based mobility is significantly better than Rel. 15/16-based mobility
· 27% and 50% additional gain in avg. UE throughput at 30 and 120 km/h, respectively, 
· the performance of proposed beam-based mobility remains the same on average for two UE speeds (30 and 120 km/h), and
· based on the CDF of UE throughput, the performance at 30 km/h is better in low percentile regime and that at 120 km/h is better in high percentile regime.

Observation 2: For the high speed train scenario, the impact of beam latency is more profound as the UE moves past the RRH, where the rate of change of beams is fastest. Based on the CDF of the relative UE throughput, increasing the beam switching latency reduces throughput.
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Appendix
[bookmark: _Ref525812457]Table 1: Simulation assumptions for inter-cell mobility
	Parameters
	Values

	Scenarios 
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor, number of dropped UEs per sector = 1  

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz

	Mode
	DL SU-MIMO

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	TXRU mapping weights
	gNB: 16 2D DFT beams (4 in azimuth and 4 in zenith)
UE: 8 DFT DFT beams (4 in azimuth and 2 in zenith)

	Criteria for selection for serving TRP
	(Similar to sub-6GHz), based on 1 TXRU at gNB sweeping 16 beams and all TXRUs at UE sweeping 8 beams; metric = max sum received power

	Criteria for beam selection for serving TRP
	Based on RSRP or 38.215 CSI-SINR metrics

	Constraints for the range of selective beams per TRP sector
	Uniform in azimuth and zenith: azimuth within 65 degree, and zenith within [0,180]

	Scheduling algorithm
	PF based

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	According to TR38.802

	UE antenna configurations
	 (M, N, P, Mg, Ng; Mp, Np) = (2, 4, 2, 1, 2; 1, 1); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0) λ. *Θmg,ng=90°; Ω0,1=Ω0,0+180°

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

	Inter-panel calibration for UE
	Ideal

	Beam correspondence 
	Ideal

	Control and RS overhead
	DMRS, CSI-RS, PDCCH

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	Codebook-based, rank 1 only

	UE speed
	30 and 120 km/h

	UE mobility and trajectory
	Linear trajectory, inter-cell mobility, and linear trajectory with sampling period = 10 meter and a maximum of N = 11 samples are modelled

	Performance metrics
	Avg. and 5% UPT

	UE dropping and number drops
	1 UE per site/sector, implying 21 UEs in total per drop, and 
10 drops, implying 210 UE in total across 10 drops,

	Simulation time
	2 seconds



Table 2: Simulation assumptions for HST
	Parameters
	Values

	Scenarios 
	HST train scenario with 6 RRHs as illustrated in Fig. 5

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz

	Channel Model
	Following related assumption in TR 38.802/38.901

	TXRU mapping to antenna elements
	2D DFT based beam per polarization

	TXRU mapping weights
	gNB: 16 1D DFT beams (16 in azimuth and 1 in zenith)
UE: omnidirectional antenna

	Criteria for selection for serving RRH
	Within RRH based on 1 TXRU at RRH sweeping 16 beams and all TXRUs

	Criteria for beam selection for serving RRH
	Based on RSRP or 38.215 CSI-SINR metrics

	Constraints for the range of selective beams per RRH sector
	Uniform in azimuth and zenith: azimuth within 65 degree, and zenith within [0,180]

	Scheduling algorithm
	Single user

	Link adaptation
	Based on CSI-RS

	Traffic Model
	Full buffer

	BS antenna configurations
	(M, N, P, Mg, Ng; Mp, Np) = (4, 8, 2, 1, 1; 1, 1). (dV, dH) = (0.5, 0.5) λ

	BS antenna element radiation pattern
	According to TR38.802

	Inter-panel calibration for UE
	Ideal

	Beam correspondence 
	Ideal

	Control and RS overhead
	DMRS, CSI-RS, PDCCH

	Control channel decoding
	Ideal

	UE receiver type
	MMSE-IRC

	BF scheme
	1 TXRU per polarization per panel

	Transmission scheme
	Codebook-based, rank 1 only

	UE speed
	256 km/h

	UE mobility and trajectory
	Linear trajectory

	Performance metrics
	Relative Throughput




Rel.15/16-based mobility, 30kmph	Avg. UE throughput	5% UE throughput	1	1	Beam-based mobility, 30kmph	Avg. UE throughput	5% UE throughput	1.2661128161710233	1.42113164	Rel.15/16-based mobility, 120kmph	Avg. UE throughput	5% UE throughput	0.74066038734257589	0.59076212500000003	Beam-based mobility, 120kmph	Avg. UE throughput	5% UE throughput	1.249603132606625	1.7057736720000001	
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