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Introduction
At the RAN1 #86bis meeting [1], some proposals which are related to beam management were agreed as followings:
Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed

Meanwhile, several agreements regarding beam management were made as followings at the RAN1 #86 meeting [2]:
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP 
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

In practice, the beam management procedure, e.g., beam sweeping, maintenace or updates may be impacted by UE movement. It was agreed at RAN1#85 meeting [3] on studying such effects in NR.
Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded

In this contribution, we discuss appropriate system models for performance evaluation, provide the evaluation results with blockage and UE beam selection in mobility scenario at 30GHz frequency band, and present our views on UE beam refinement.
Impact of UE Behavior on Beam Management
Reliable communication at high frequency band is one of the most challenging topics in NR study. In order to compensate the high propgation loss, large number of antennas are placed at the BS side and the UE side to exploit the high beamforming gain. The highly directional links resulted from sharp beams at both sides are much more sensitive to the surrounding environments [4]. However, the propagation environments are more complicated at the high frequency band. In NR channel model, blockage and UE rotation have been take into taken into account to reflect more realistic high frequency scenario. The bearing angle rotates with time in the UE rotation feature, which will influence the main lobe direction of the beam. Meanwhile, bearing angle also determines the position of self blocker, which causes a 30dB attenuation. In addition, if a UE moves, its relative position to the BS will change, which will impact the beam management, too. From the description above, we can image that update the UE beam is necessary when the surrounding environment have been changed. 
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Figure 1: Requirement of beam maintenance.
Evaluation of the Beam Management
Based on the above analysis of the potential impact of UE movement to the beam maintenace, we establishe appropriated system model to evaluation such impact.
Evaluation results of blockage
In this section, we give the evaluation results of blockage. i.e., with blockage and without blockage are compared w.r.t. the coupling loss, wideband SIR and ASA performance. Results are summarized in Figure 1~3. Evaluation assumptions are according to the channel model calibration of the blockage, as defined in TR 38.900 [5], as listed in Table A-I.
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]From the simulation results, we can observe a gap of 4dB at 50% coupling loss and nearly no difference at 50% geometry for the UMi scenario. This is mainly due to the modeling methodology of blockage in TR 38.900. A blocaker is defined w.r.t. to a certain range of angle of arrival (AoA). This can be obviously observed from the CDFs of ASA, with or without blockage. If a blocker attenuates the serving link, it will also attenuates the interference link. Overall, the SIR distribution is similar with or without blockage.
Observation 1: At carrier frequency of 30Ghz, blockage influences the performance for around 4dB at 50% coupling loss and for around 7 degrees at 50% angular spread.
Hence, the RSRP based TRP selection will be influenced by the blockage. Since the blocker changed with time and positoin, BS and UE should refine their beam selection with a reasonable time interval.
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Figure 1: CDF of coupling loss                                      Figure 2: CDF of wideband SIR
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Figure 3: CDF of ASA
Analysis of the impact of UE movement in beam management
In this section, we analyze the impact of UE movement on beam management. The UE movement may also impact the pathloss and shadow fading. Hence, we considered the TRP reselection and UE wrap around when UEs move a long distance in the system level simulation. Under the circumstances, the difference in coupling loss and geometry are mainly caused by the antenna gain. We give the evaluation results of beam selection. i.e., with refinement and without refinement are compared w.r.t. the coupling loss and geometry. Results are summarized in Figure 4~5. Evaluation assumptions are according to the NR evaluation assumption are listed in Table A-II. It is important to note that in our evaluation, the UE movement is modeled as that each UE determines a moving direction randomly in the beginning and maintain this direction during the simulation. We believe this straight line model is better than random walk model since straight line model can reduce the randomness so that it is easier to reach alignment among companies. Meanwhile, random work may results in the case that the intial location and the final location are actually close to each other. As long as the simulation time is appropriately defined, this model is still accurate to model the real-life UE movements. We configure the following simulation cases.
Case 1: at T0 = 0ms (TTI = 0): TRP/UE beam selection is performed;
Case 2: at T1 = 1000ms (TTI =1000): UE is moved to a new position, TRP is reselected, neither of TRP/UE beams are updated;
Case 3: at T1 = 1000ms (TTI = 1000): UE is moved to a new position, TRP is reselected, TRP/UE beams are updated.
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Figure 4: CDF of coupling loss                                    Figure 5: CDF of geometry
From the simulation results, we can observe a gap of 3.5dB at 50% coupling loss between beamforming with refinement and without refinement after 1000ms and a gap of 4dB at 50% geometry between beamforming with refinement and without refinement after 1000ms. Meanwhile, there is no difference between the performance achieved at T2 and T0. This is because we considered the TRP reselection and a wrap around model when UE is out of the network boundary. In UE wrap around, we did a coordinate transformation to get a continuous variation of spatial consistency random variables in updating the small scale parameters.
Observation 2 : Beam update is benefical to compensate the performance loss caused by UE movement.
Proposal 1: Study the mechanism of beam update to compensate the performance loss caused by UE movement.
As mentioned above, TRP reselection and UE wrap around are two important models in mobility scenario. Companies when want to implement the mobility scenario should consider these two factors.
Proposal 2 : TRP reselection and UE wrap around should be modeled in the mobility scenario.
Analysis on beam update design
In this section, we analyze the impact of beam reslection frequency on the beam maesurement. To make it more convenient to observe the beam index variation when UE moves, we drop mutiple UEs around a single TRP. We record the difference between the beam index at the initial beam selection and the beam index at the beam update. The CDF of beam index difference and the reselection probability within different time intervals are summarized in Figure 6~9. Detailed evaluation assumptions are according to the NR evaluation assumption are listed in Table A-III.
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Figure 6: CDF of beam index difference in TRP side    Figure 7: CDF of beam index difference in UE side
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Figure 8: Reselection probability in TRP side                  Figure 9: Reselection probability in UE side
From the simulation results, we can observe that the beam reselection probability increases with the beam updating interval and a majority of UEs can maintain their beam after moving a short distance. This results tell us that we can greatly reduce beam reselection set with only a negligible performance loss to greatly decrease the reselection complexity. Meanwhile, the beam reselection probability at the TRP side is higher than at the UE side. This is because the beamwidth in UE side is larger than TRP side, one beam can cover a larger range. At last, we find that there are still very few UEs change their beam index in a very large range since the blockers around UE change their position with time and these UEs are near by the TRP. For those UEs, the beam pattern and beam numbering shall be carefully designed to reduce the beam update interval and the number of the beams to be measured per update instance, and thus reduce the RS overhead and UE complexity. One thing needs to be noted is that beam index difference equals to 0 means no change in beam reselection, but a large beam index difference doesn’t always mean a sudden change of the beam directions since the beam numbering in our simulation use a single number to index the horizontal and vertical dimensions.
Observation 3 : A majority of UEs can maintain their beam after moving a short distance.
Proposal 3 : Optimize the set of beams to be measured for beam update.
Since NR-MIMO phase-3 calibration is used to check the UE movement/rotation/blockage, we expect that the investigation work made in this contribution can be a reference in discussing the phase-3 simulation assumption. A NR-MIMO phase-3 simulation assumption for UMa scenario are listed in Table A-IV.
Proposal 4 : Use the Table A-IV as a reference in discussing the phase-3 simulation assumption.
Summary
In this contribution, we discuss the influence of UE movement. Based on the evaluation results, the proposed viewpoint can be summarized as:
Proposal 1: Study the mechanism of beam update to compensate the performance loss caused by UE movement.
Proposal 2 : TRP reselection and UE wrap around should be modeled in the mobility scenario.
Proposal 3 : Optimize the set of beams to be measured for beam update.
Proposal 4 : Use the Table A-IV as a reference in discussing the phase-3 simulation assumption.
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Appendix
Table A-I: Simulation assumptions for blockage
	Parameter
	Values

	Scenarios
	5G-UMi-street Canyon

	Carrier Frequency
	30 GHz

	BS Number
	19 sites

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 2), (dH, dV, dH,g, dV,g) = (0.5lambda, 0.5lambda, 2.5lambda, 2.5lambda)  

	BS port mapping
	All 16 elements for each polarization on each panel are mapped to a single CRS port (used for cell association); panning angles of the two subarrays: (0,0) degs; downtilt angles is 102 deg.

	Calibration method
	For Model A:
Drop multiple users in the multiple cells, and collect the following metrics 1) – 3) for each user after attachment. Optional self-blocking feature is made mandatory in the Landscape mode.

	Metrics
	CDF of coupling loss (serving cell)
Wideband SIR before receiver – determined from RSRP (formula) from CRS port 0 
CDF of ASA from the serving cell


[bookmark: _GoBack]Table A-II: Simulation assumptions for beam selection
	Parameter
	Values

	Scenarios
	5G-UMa

	Carrier Frequency
	30 GHz

	BS number
	7 sites

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 2), (dH, dV, dH,g=dV,g) = (0.5lambda, 0.5lambda, 4lambda, 2lambda)  

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), (dH, dV) = (0.5lambda, 0.5lambda)
mg,ng=90 deg; Ω0,1=Ω0 deg.,0+180 deg.; The polarization angles are 0 and 90 deg.

	BS port mapping
	All 16 elements for each polarization on each panel are mapped to a single CRS port (used for cell association); panning angles of the two subarrays: (0,0) degs. 128 candidate beam.

	UE port mapping
	All 4 elements for each polarization on each panel are mapped to a single CRS port; panning angles of the two subarrays: (0,0) degs. 32 candidate beam.

	UE distribution
	Following TR36.873, 3D dropping, 100% UE outdoor

	Mobility
	UE is moving with random direction per drop based on spatial consistency feature in TR38.900 with fixed speed, e.g., 30 km/h [6]

	Rotation
	No rotation

	Blockage
	No blockage

	Simulation time
	1000 TTI

	Metrics
	1) CDF of coupling loss (serving cell)
2) Geometry before receiver – determined from RSRP (formula) from CRS port 0 



Table A-III: Simulation assumptions for beam selection
	Parameter
	Values

	Scenarios
	5G-UMa

	Carrier Frequency
	30 GHz

	BS number
	1 sites

	BS antenna configurations
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 2), (dH, dV, dH,g=dV,g) = (0.5lambda, 0.5lambda, 4lambda, 2lambda)  

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), (dH, dV) = (0.5lambda, 0.5lambda)
mg,ng=90 deg; Ω0,1=Ω0 deg.,0+180 deg.; The polarization angles are 0 and 90 deg.

	BS port mapping
	All 16 elements for each polarization on each panel are mapped to a single CRS port (used for cell association); panning angles of the two subarrays: (0,0) degs. 128 candidate beams.

	UE port mapping
	All 4 elements for each polarization on each panel are mapped to a single CRS port; panning angles of the two subarrays: (0,0) degs. 32 candidate beams.

	UE distribution
	Following TR36.873, 3D dropping, 100% UE outdoor

	Mobility
	UE is moving with random direction per drop based on spatial consistency feature in TR38.900 with fixed speed, e.g., 30 km/h [6]

	Rotation
	No rotation

	Blockage
	Adopt blockage Model-A K=5 in TR38.900 [6]

	Simulation time
	200 TTI/400 TTI/600 TTI

	Metrics
	1) CDF of beam index difference (serving cell)
2) Reselection probability 



Table A-IV: Simulation assumptions for NR-MIMO phase3
	Parameter
	Values

	Scenarios
	5G-UMi

	Carrier Frequency
	30 GHz

	BS number
	7 sites/19 sites (Depend on the complexity when include the spatial consistency)

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

	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;
Notes: the polarization angles are 0 and 90

	BS reselection set
	Reduce the beam reselection set and maintain 90% UEs’ performance.

	UE reselection set
	Reduce the beam reselection set and maintain 90% UEs’ performance.

	UE wrap around
	Modeling

	TRP reselection
	Modeling

	UE distribution
	Following TR36.873, 3D dropping, 100% UE outdoor. 10 users per TRP.

	Mobility
	UE is moving with random direction per drop based on spatial consistency feature in TR38.900 with fixed speed, e.g., 30 km/h [6]

	Rotation
	Fixed speed of 50 rpm [6]

	Blockage
	Adopt blockage Model-A K=5 in TR38.900 [6]

	Calibration method
	Collect the data in TTI = x (Update the small scale parameters per 100 TTI to get a trade-off in accuracy and complexity). x is FFS. Collect the data without UE who performs the TRP reselection.

	Metrics
	1) CDF of coupling loss in TTI =0 and TTI = x (serving cell)
2) Geometry before receiver in TTI =0 and TTI = x – determined from RSRP (formula) from CRS port 0
3) CDF of ASA from the serving cell in TTI = x
4) CDF of average varying rate of beam index difference


Note : For the average varying rate, we assume the collecting interval, e.g., 100ms, and then get the samples for a certain UT, the varying rate can be written as the standard variance of the samples / 100ms.
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