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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

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

To ensure correct understanding of the NR MIMO evaluation assumptions and correct simulator implementations, it was agreed the step-wise MIMO calibration in NR study, as follows.
· Phase 1: Calibration can be used to check the channel model and the basic beamforming behavior, e.g., by looking at the SNR/SINR distribution (aim to finish it in RAN1#86bis) 
· Phase 2: Start discussion on whether and how to establish the baseline.  Further discuss simulation assumptions for Phase 2 and Phase 3. Calibration can be used to check the link/system level performances, e.g., by looking at the BLER and spectrum efficiency (aim to finish it in RAN1#87) 
· Phase 3: Calibration can be used to check the UE movement/rotation/blockage (aim to finish it after RAN1#87)
The phase 3 calibration is very important to align companies understanding and implementation of the related channel model features, and MIMO configurations, in order to investigate beam management associated with UE movement/rotation/blockage. In this contribution, we discuss appropriate system models for performance evaluation, and provide preliminary TRP/UE beam selection evaluation results with blockage and rotation in mobility scenario at 30GHz frequency band.
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 propagation 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 TRP/UE beams are much more sensitive to the variation of surrounding environments [4]. In NR channel model, blockage and UE rotation have been 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 attenuation of 30dB. In addition, if a UE moves, its relative position to the TRP will change, which will impact the beam management, too. From the discussion above, we can image that update the TRP/UE beam is necessary when the surrounding environment have been changed. 
[image: ]
Figure 1: Requirement of beam maintenance.
Evaluation Methodologies
Based on the above analysis of the potential impact of UE movement to the beam maintenace, we establish appropriated system model to evaluate such impact.
Modelling of blockage
During the channel model study, blockage has been introduced in high frequency band. As carrier frequency increases, radio links are easier to be blocked by small objects. Two kinds of blockages are observed from the measurements. The first type of blockage is dynamic blockage which is mainly caused by moving objects in the environment. The second type of blockage is geometry-induced blockage which is mainly caused by static objects in the environment. In TR 38.900 [5], two alternative models (Model A and Model B) are provided for the blockage modelling. Both approaches have their own use cases. Model A is applicable when a generic and computationally efficient blockage modelling is desired. Model B is applicable when a specific and more realistic blocking modelling is desired.
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 blocker is defined w.r.t. to a certain range of angle of arrival (AoA and ZoA). 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 approx. 4dB at 50% coupling loss and for approx. 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

Modelling of UE rotation
If the communication environment is more stable, the results of the CSI measurement can stay valid for a long period of time. Dynamic channel fluctiation occurs by UE rotation which comes from rotational movement of devices such as smartphone and virtual reality (VR) terminals. The UE rotation can lead to beam misalignment especially at UE. The UE rotation model is shown in Figure 4.


Figure 4: UE rotation model
For simplicity, we can only rotate the bearing angle. Hence, the bearing angle updating can be expressed as follow:

                                                  (3.2-1)
Proposal 1 : Using formula (3.2-1) for bearing angle updating and the rotation speed is 50 rpm.
By looking at the fomula of channel coefficients:

   (3.2-2)
it can be observed that UE rotation will influence the field patterns of receive antenna element, the spherical unit vector with azimuth arrival angle and elevation arrival angle. Meanwhile, for self-blockage, the blocking region is defined in UT LCS, hence, UE rotation will influence the position of self-blocking. Detailed simulaton results can be found in the next section.
Modelling of UE movement
UE movement is an important features which need to be evaluated in high frequency scenario since the radio links are highly directional. In system level simulation platform, we drop the UEs in the network with random direction and fixed velocity. After that, UEs are moving with time. Considering the complexity and accuracy, we update the parameters with a fixed time interval, the updating paramters include large scale parameters, e.g. delay spread, angular spreads, Ricean K factor and shadow fading, LOS/NLOS states, path loss and small scale paramters. Beam refinement is performed during the simulation to maintain a high antenna array gain. Figure 5 demonstrate the description above.


Figure 5: UE movement model
The UE movement is modeled as that each UE determines a moving direction randomly at the beginning and maintain the direction during the simulation. We believe this straight line model is better option compared to 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.
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 these circumstances, the difference in coupling loss and geometry are mainly caused by the antenna gain.
Proposal 2 : Straight line model is used for the UE movement model.
Proposal 3 : TRP reselection and UE wrap around should be modeled in the mobility scenario.
Proposal 4 : Maintain a continuous variation after UE wrap around.
Modelling of beam management
Regarding to the beam sweeping, for TRP side, all 32 elements for each polarization on each panel are mapped to a single CRS port (used for cell association), the panning angles of the two subarrays are (0,0) degrees. The directions of beams, e.g., DFT codebook, are within [-90, 90] degrees in azimuth domain and [0, 180] degrees in zenith domain, the over sampling factor (OSF) is equal to 2 in both dimensions, resulting in 128 candidate beam. For UE side, All 8 elements for each polarization on each panel are mapped to a single TXRU, the panning angles of the two subarrays are (0,0) degrees. The directions of beams, e.g., DFT codebook, are within [-90, 90] degrees in azimuth domain and [0, 180] degrees in zenith domain, OSF is euqla to 2, resulting in 32 candidate beams.
Initial investigation of the impact of UE movement in beam management
Given the above mentioned models, in this section, we provide initial evaluation results to show the impact of UE movement on beam management. 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 6~11. Evaluation assumptions follow the NR evaluation assumption are listed in Table A-II. 
We configure the following simulation cases.
· Case 1: at T0 = 0ms (TTI = 0): TRP/UE beam selection is performed;
· Case 2: at T1 = 1500/3000ms (TTI =1500/3000): UE is moved to a new position, TRP is reselected, neither of TRP/UE beams are updated;
· Case 3: at T1 = 1500/3000ms (TTI = 1500/3000): UE is moved to a new position, TRP is reselected, TRP/UE beams are updated.
One thing needs to be emphasized is that we only record the UE data without TRP reselection since we want to exploit the influence caused by beam selection, once UE perform the TRP reselection, a overall beam sweeping is straightforward.
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Figure 6: CDF of coupling loss                                       Figure 7: CDF of geometry
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Figure 8: CDF of coupling loss with rotation                Figure 9: CDF of geometry with rotation
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Figure 10: CDF of coupling loss with blockage                Figure 11: CDF of geometry with blockage
From the simulation results, we can observe a gap of 5dB/13dB at 50% coupling loss between beamforming with refinement and without refinement after 1500/3000ms and a gap of 5dB/12dB at 50% geometry between beamforming with refinement and without refinement after 1500/3000ms without considering the rotation and blockage. When considering the UE rotation, a obvious degradation can be observed in coupling loss and geometry without beam refinement. In our simulaton assumption, the rotation speed is 50 rpm, i.e. 300 degrees per second. 90o/180o in 1500/3000TTI are added to the UE bearing angle. Hence, the main lobe direction of the beam is quite different from the original. The antenna gain is decreased a lot without beam refinement. The tendency of CDFs in Fig. 10 and Fig. 11 are similar with Fig. 6 and Fig. 7. The performance degradation caused by blockage isn’t very large compare with the UE rotation. Meanwhile, there is nearly 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 of random number grids 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, UE rotation and blockage.
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.
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. Most of the simulation assumption can follow those for the phase-1/phase-2. Here, we mainly focus on the simulation assumption for UE mobility. A NR-MIMO phase-3 simulation assumption for UMa scenario are listed in Table A-V.
Proposal 5 : Use the Table A-V 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:
[bookmark: _GoBack]Proposal 1 : Using formula (3.2-1) for bearing angle updating and the rotation speed is 50 rpm.
Proposal 2 : Straight line model is used for the UE movement model.
Proposal 3 : TRP reselection and UE wrap around should be modeled in the mobility scenario.
Proposal 4 : Maintain a continuous variation after UE wrap around.
Proposal 5 : Use the Table A-V 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
	1. CDF of coupling loss (serving cell)
1. Wideband SIR before receiver – determined from RSRP (formula) from CRS port 0 
1. CDF of ASA from the serving cell



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, 8, 2, 2, 2), (dH, dV, dH,g, dV,g) = (0.5lambda, 0.5lambda, 4lambda, 2lambda)  

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2), (dH, dV) = (0.5lambda, 0.5lambda)
mg,ng=90 deg; Ω0,1=Ω0,0+180deg.; The polarization angles are 0 and 90 deg.

	BS port mapping
	All 32 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. The directions of beams, e.g., DFT codebook, are within [-90, 90] degrees in azimuth domain and [0, 180] degrees in zenith domain. OSF=2

	UE port mapping
	All 8 elements for each polarization on each panel are mapped to a single Cell-specific RS port; panning angles of the two subarrays: (0,0) degs. 32 candidate beam. The directions of beams, e.g., DFT codebook, are within [-90, 90] degrees in azimuth domain and [0, 180] degrees in zenith domain. OSF=2.

	UE distribution
	Based on 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
	With/without rotation [6]

	Blockage
	With/without blockage

	Simulation time
	1500/3000 TTI

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





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

	Scenarios
	5G-UMa

	Carrier Frequency
	30 GHz

	BS number
	19 sites

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dH,dV) = (0.5, 0.5)λ 
(dH,g, dV,g) = (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. (dH,g, dV,g) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	Beam sweeping updating interval
	500TTI

	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]. Using straight line model.

	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. x is FFS. Collect the UE data without TRP reselection.

	Metrics
	1) CDF of coupling loss in TTI = 0 and TTI = x (serving cell)
2) CDF of wideband SINR with beamforming in TTI = 0 and TTI = x
3) CDF of ASA from the serving cell in TTI= 0 and TTI = x.
4) Spectral efficiency in TTI = 0 and TTI = x.



image1.png
UE rotation UE movement Blockage




image2.png
CDF

Coupling Loss

09

08

07

06

05

04

03

02

01

0
80

T ———
——Without Blockage

——— With Blockage

160

40

-120
1481

00 0 &0




image3.png
CDF

Wideband SIR

09

08

07

06

05

04

03

02

01

———Without Blockage
———With Blockage

0
[CEl}

Eil a0 Eil




image4.png
AsA

—
——Without Blockage
———With Blockage

CDF

08

07

06

05

04

03

02

01

Eil

60
ASA(degree)

Eil

100

120




image5.emf
x

z

y

x

y

Rotation


Microsoft_Visio_2003-2010_Drawing.vsd
�


image6.wmf
(

)

0

mod2

bearing

t

ffwp

=+


oleObject1.bin

image7.wmf
(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

(

)

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

÷

÷

ø

ö

ç

ç

è

æ

ú

û

ù

ê

ë

é

ú

ú

û

ù

ê

ê

ë

é

F

F

F

F

ú

û

ù

ê

ë

é

=

-

-

=

å

t

v

r

j

d

r

j

d

r

j

F

F

j

j

j

j

F

F

M

P

t

H

T

m

n

rx

s

tx

T

m

n

tx

u

rx

T

m

n

rx

AOD

m

n

ZOD

m

n

s

tx

AOD

m

n

ZOD

m

n

s

tx

m

n

m

n

m

n

m

n

m

n

m

n

T

M

m

AOA

m

n

ZOA

m

n

u

rx

AOA

m

n

ZOA

m

n

u

rx

n

n

s

u

0

,

,

0

,

,

,

0

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

1

,

,

1

,

,

1

,

,

,

,

,

,

,

,

,

,

,

,

NLOS

,

,

.

ˆ

2

exp

.

ˆ

2

exp

.

ˆ

2

exp

,

,

exp

exp

exp

exp

,

,

)

(

l

p

l

p

l

p

f

q

f

q

k

k

f

q

f

q

f

q

ff

fq

qf

qq

f

q


oleObject2.bin

image8.emf

Microsoft_Visio_2003-2010_Drawing1.vsd
�


image9.png
CDF

CL without blockagefrotation

—Tm=0
08| = TTI = 1500 with refinement
08} | ——T1= 3000 with refement
= TTI = 1500 without refinement
~ TT1= 3000 without refinement
07
06
05
04
03
02
01
0 i
A3 40 10 00 80 80 70 60 &0

CL(E)




image10.png
CDF

09

08

07

06

05

04

03

02

01

G without blockage/rotation

500 with refinement
000 with refinement
500 without refinement
000 without refinement

0

10

Eil

G ()

Eil

a0

60




image11.png
CDF

CL with rotation

0
160

—TT=0
———TTI= 1500 with refinement
——TTI= 3000 with refinement
————TTI = 1500 without refinement
~ TTI= 3000 without refinement

-140 -120 -100
CL(E)

0




image12.png
CDF

G with rotation

—Ti=0
097+ =TI = 1500 with refinement
08| | ——"T1=3000 with rfinerment ]

————TTI = 1500 without refinement
~ TTI= 3000 without refinement

07

06

05

04

03

60 -40 -20 o 20 40 B0
G ()




image13.png
CDF

09

08

07

06

05

04

03

02

01

CL with blockage

1500 with refinement
= 3000 with refinement
1500 without refinement

~ TTI= 3000 without refinement

0
140

-130 -120 -1o -100 50 -80 -70
CL(E)




image14.png
CDF

G with blockage

09

500 with refinement
= 3000 with refinement
500 without refinement
~ TTI= 3000 without refinement

08

07

06

05

04

03

-30 -20 -10 o 10 20 30 40 50 B0
G ()




