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Introduction
In this contribution, we provide the link level simulation results of BLER vs SNR for beam management with respect to the Rx beam pair link switching latency.
Simulation Assumptions
In our simulation, to simulate beam pair link switching, we assume the UE rotates in the azimuth direction with a rotation speed of 10/20/60/120 RPM respectively. Upon rotation, the UE realigns its Rx beam with a latency. This latency can be interpreted as the beam pair link switching delay which comprises beam pair link measurement and reporting latency as well as beam pair link indication latency. The latency in the simulation is selected as 0/100/200/500/1000/2000 subframes (0/25/50/125/250/500 ms) long.
The simulation assumptions in our link level simulation is as below in Table 1. Cases with 4 panels at the BS and 2 panels at the UE are simulated. The link level simulation assumptions consideration in our view is shown in our companion contribution [1].
Table 1: Simulation assumptions for link level simulation
	Attributes
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing for data
	60kHz 

	Data allocation
	· 8 RBs
· First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel

	PDCCH decoding
	Ideal

	Channel Model
	CDL-A model
· delay spread =100ns
· UE speed=3km/h.

	TXRU mapping to antenna elements
	· Subarray mapping, DFT BF weights
· Each TXRU one-to-one mapped to antenna elements with the same polarization in each panel. 
· 8 ports at BS; 4 ports at UE.

	Criteria for beam selection
	Beam direction pointing to the strongest Cluster for BS and UE

	UE reporting/indication
	Simulate 0/100/200/500/1000/2000 subframes beam pair link switching latency

	BS antenna configurations
	 (M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	BS antenna element radiation pattern
	According to TR38.802

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

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree

	UE array orientation
	ΩUT,a= 0 degree, ΩUT,b = 0 degree, ΩUT,g = 0 degree

	UE rotation
	10/20/60/120 RPM

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

	Transmission scheme
	Precoding is based on ideal SVD

	MIMO mode
	SU-MIMO (Rank 1)

	UE receiver type
	MMSE receiver

	MCS
	LTE MCS = 16

	Link adaptation
	No Link adaptation

	Metrics
	BLER with beamforming vs SNR curve



Simulation Results
Figure 1 and 2 shows the BLER vs SNR for 0/100/200/500 subframes beam pair link switching latency for 120 RPM and 60 RPM.
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Figure 1: 120 RPM

Observation 1: For UE rotation of 120 RPM, performance starts to degrade from 100 subframes (25ms) beam pair link switching latency, and significant performance degradation (~3dB loss at 0.1 BLER) is observed at 200 subframes (50ms) beam pair link switching latency.
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Figure 2: 60 RPM
Observation 2: For UE rotation of 60 RPM, performance starts to degrade from 200 subframes (50ms) beam pair link switching latency, and significant performance degradation (>3dB loss at 0.1 BLER) is observed at 500 subframes (125ms) beam pair link switching latency.

Figure 3 shows the BLER vs SNR for 0/200/500/1000 subframes beam pair link switching latency for 20 RPM.
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Figure 3: 20 RPM 
Observation 3: For UE rotation of 20 RPM, performance starts to degrade from 200 subframes (50ms) beam pair link switching latency, and significant performance degradation (~ 5dB loss at 0.1 BLER) is observed at 1000 subframes (250ms) beam pair link switching latency.

Figure 4 shows the BLER vs SNR for 0/200/500/1000/2000 subframes beam pair link switching latency for 10 RPM.
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Figure 4: 10 RPM 

Observation 4: For UE rotation of 10 RPM, performance starts to degrade from 500 subframes (125ms) beam pair link switching latency, and significant performance degradation (~ 5dB loss at 0.1 BLER) is observed at 2000 subframes (500ms) beam pair link switching latency.
Conclusions
This contribution gives the link level simulation results for beam management. The followings are observed.
Observation 1: For UE rotation of 120 RPM, performance starts to degrade from 100 subframes (25ms) beam pair link switching latency, and significant performance degradation (~3dB loss at 0.1 BLER) is observed at 200 subframes (50ms) beam pair link switching latency.
Observation 2: For UE rotation of 60 RPM, performance starts to degrade from 200 subframes (50ms) beam pair link switching latency, and significant performance degradation (>3dB loss at 0.1 BLER) is observed at 500 subframes (125ms) beam pair link switching latency.
Observation 3: For UE rotation of 20 RPM, performance starts to degrade from 200 subframes (50ms) beam pair link switching latency, and significant performance degradation (~ 5dB loss at 0.1 BLER) is observed at 1000 subframes (250ms) beam pair link switching latency.
Observation 4: For UE rotation of 10 RPM, performance starts to degrade from 500 subframes (125ms) beam pair link switching latency, and significant performance degradation (~ 5dB loss at 0.1 BLER) is observed at 2000 subframes (500ms) beam pair link switching latency.
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