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1. Introduction
At the RAN1#88 meeting, the issue of evaluation for beam management was proposed [1] and further discussed in email discussion [88-15]. In this contribution, we present our detailed views on evaluation assumption for beam management and provide some initial simulation results.
2. Discussion on Evaluation Methodology
A realistic evaluation model shall be established to evaluate NR systems with beam management functionalities. Compared to the conventional system level evaluation of a cellular system at least the following new features shall be considered.
Antenna array structure:
The latest LTE system level evaluation assumes single panel antenna array. In NR, multi-panel antenna array shall be considered. The latest LTE system level evaluation assumes fixed TXRU to antenna element mapping throughout the simulation. In NR, with the introduction of the hybrid beamforming architecture, analog beamforming, which varies the TXRU to antenna element mapping from time to time, shall be considered. It is noticed that pure analog beamforming is only feasible in wideband. Such impact, e.g., on user scheduling algorithm, interference modelling shall be taken into consideration in system level evaluation.
UE to network association:
In the LTE system level evaluation, UE and the networks are associated with cells. Different types of cells are modeled, e.g., macro/micro-cells with hexagonal deployment and wider coverage, small cells with random location and shorter coverage. Although the parameters used in a real network may differ a lot from the evaluation assumptions, the parameters used for LTE evaluation were unified as much as possible to ensure comparable evaluation results. In NR beam management, UE shall be associated with the network via beams. The characteristics of beams, e.g., beam shape, candidate beam directions, beam number, etc., shall be defined and unified as much as possible, for the purpose of generating comparable results. Note that similar practice was done during the LTE evaluation, e.g., via specifying the antenna gain pattern and bearing/tilting angles.
Categorization of the schemes:
In the LTE evaluation, transmission schemes are classified in different categories, e.g., SU-MIMO, MU-MIMO, CoMP, etc. Candidate technologies are proposed and compared within each category, specification supported are decided to be made for the most necessary technologies within each category. For the evaluation of beam management, it is necessary to make similar approach. Candidate categories include beam acquisition procedure, beam recovery procedure, transmission procedure. For beam acquisition and beam recovery, evaluation shall be made to verify the efficiency and effectiveness of beam management procedure via checking the coverage, RS overhead, latency, robustness of the link, etc. For transmission, evaluation shall be made to verify the performance. It shall be further discussion, whether categorization shall be made to differentiate the cases of single-panel/TRP single-beam based association, single-panel/TRP multi-beam based association, multi-panel/TRP multi-beam based association etc.
Proposal 1: RAN1 discuss general categorizations of beam management technologies and define evaluation assumptions accordingly, e.g.,
· Cat. 1: Beam acquisition including at least the following aspects:
· Beam selection methods considering different number of beams and panels
· RS density for beam acquisition, e.g., numerology, periodicity in time domain and frequency domain
· Beam reporting, e.g., beam grouping methods, spatial correlations for multiple beam pairs
· Cat. 2: Beam recovery including at least the following aspects:
· Impact of blockage on multi beam based system
· Number of monitored beam pair links to provide robustness
· Beam recovery methods considering the RS overhead and latency. 
3. Preliminary Beam Management Evaluation Results
Based on the above discussion of beam management evaluation requirements, we provide some initial investigation results for beam selection and robust multi-beam monitoring.
3.1 Beam selection with multi-panels
For the RS design in NR, multi-panel antenna array shall be considered compared to LTE which assumes single panel antenna array. Beam selection based on one panel had been assumed in NR-MIMO calibration. Here we would like to further investigate the multi-panel impact on the beam selection. As multi-panels are used, RS overhead, UE complexity will be increased, the corresponding aspects, e.g., overhead reduction may need to be considered. The first step for evaluation is to observe the performance gap between multi-panel based selection and single-panel based beam selection. 
Following evaluation cases are established based on link level simulation to evaluate such impact.
Case 1: All TXRUs use same analog beam and beam selection is based on a single TXRU, i.e., TXRU 0 of the first panel. In case 1, TRP will conduct the beam sweeping among the limited set of DFT beams, and the best analog beam pair is selected based on the criteria of maximizing receive power. For both TRP and UE side, all TXRUs will use the same analog beam (selected by TXRU0) for data transmitting and receiving. 
Case 2: TXRUs can used different/same analog beams and beam selection is done for each TXRU independently. In case 2, different TXRUs can select different analog beams. All the possibilities should be traversed, and the best analog beam corresponding to each TXRU can be selected based on the criteria of maximizing the overall receive power. 
For both cases, digital precoders are further applied based on the selected analog beams for all TXRUs.
[bookmark: OLE_LINK2]Evaluation assumptions following the MIMO calibration and beam management evaluation assumptions are listed in Table A-I. Results are summarized in Figure 1. From the initial simulation results, we can observe a nearly 1 dB gap between case 1 and case 2. The possible reason is that higher multi-path diversity gain can be achieved by case 2 in comparison with case 1. Evaluations on specific scenarios, e.g., rich-scattering channel environment can be further studied for beam selection based on multi-panels. 
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Figure 1 Beam selection based on multi/single panel(s)
3.2 Investigation of multi-beam monitoring
[bookmark: OLE_LINK3]For communication at high frequency band, hybrid beamforming and multi-beam system are considered to overcome the high path loss between TRP and UE. In such system, good TRP-UE beam pair(s) shall be established based on beam management procedures. However, the performance of the selected beam pair(s) may decrease, due to multiple reasons, e.g., channel variation, UE rotation, movement, dynamic blockage, etc. So the best TRP/UE beam pair(s) may need to be updated. 
To solve these problems, UE can be configured to monitor multiple beam pair links. One shall investigate the appropriate value of monitored beam pair links to achieve a good balance between the overhead and the performance. In the next stage, we will further investigate the time duration between beam selections to provide reference for RS design, e.g., CSI-RS or other beam management RS.  
Instruction of the simulation method: 
Method 1: UE selects one beam pair link from all the beam pair links in TTI0 based on RSRP and uses this beam pair link for transmission. The beam pair remain unchanged during the whole simulation.
Method 2: UE selects N beam pair links out of all the beam pair links in TTI0 based on RSRP, and selects the best one beam pair link for transmission. Then in every X ms (in our evaluation, X = 30), UE reselects the best one beam pair from the N beam pair links. 
Evaluation assumptions following the MIMO calibration and beam management evaluation assumptions are listed in Table A-II. Results are summarized in Figure 2~4.
From the initial simulation results, we can observe that the coupling loss decreases with time when UE rotation is considered as UE rotation angle is increased over time. The more the monitored BPLs for refinement, the smaller the performance degradation. Meanwhile, Figure 7 shows that even monitoring 16 BPLs for refinement, the wideband SINR still decreases a lot. This is because method 2 only choose high correlation RX beams in the refinement set, all the Rx beam may be worse when UE bearing angle changes a lot. At least low correlation RX beams shall be further evaluated in the refinement set in order to improve the performance. As group based beam reporting have been agreed in RAN1 #88, the comparison of Rx beam set based grouping and UE antenna group based grouping evaluation should be further studied with considering the spatial parameters. 
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Figure 2 Couplingloss with different number of BPLs measured in different time s.
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Figure 3 C.D.F. of couplingloss with different number of BPLs
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Figure 4 C.D.F. of SINR with different number of BPLs
4. Summary
In this contribution, we described our views on evaluation assumption for beam management and provide initial simulation results comparison between no beam management and different management schemes, we made the following proposal.
Proposal 1: RAN1 discuss general categorizations of beam management technologies and define evaluation assumptions accordingly, e.g.,
· Cat. 1: Beam acquisition including at least the following aspects:
· Beam selection methods considering different number of beams and panels
· RS density for beam acquisition, e.g., numerology, periodicity in time domain and frequency domain
· Beam reporting, e.g., beam grouping methods, spatial correlations for multiple beam pairs
· Cat. 2: Beam recovery including at least the following aspects:
· Impact of blockage on multi beam based system
· Number of monitored beam pair links to provide robustness
· Beam recovery methods considering the RS overhead and latency. 
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Appendix
Table 1 Evaluation assumptions for multi-panel beam selection in LLS
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Bandwidth
	80MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	CDL-B 
•	delay spread =100ns
•	UE speed=3km/h.  
•	The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	Constraints for the range of selective beams per TRP sector
	- Beam directions for TRP: 
     -- Azimuth angle [-7*pi/16 -5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16 7*pi/16]
     -- Zenith angle [pi/8 3*pi/8 5*pi/8 7*pi/8]
- Beam directions for UE:     		 
     -- Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8];       		
     -- Zenith angle [pi/4 3*pi/4];

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

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

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

	UE Antenna Configuration
	(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;

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	HPBW=65°
Max Gain = 8dBi
SLAV=Am=30
polarization angles are -45° and +45°

	UE antenna pattern
	HPBW=90°
Max Gain = 5dBi
SLAV=Am=25
polarization angles are 0° and +90°

	Metric
	CDF of received SNR



Table 2 Evaluation assumptions for beam acquisition in SLS
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming.  

	Constraints for the range of selective beams per TRP sector
	- Beam directions for TRP: 
     -- Azimuth angle [-5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16] 
     -- Zenith angle  [5*pi/8 7*pi/8]
- Beam directions for UE:     		 
     -- Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8];       		
     -- Zenith angle [pi/4 3*pi/4];

	ISD
	500m

	BS Tx power
	43dBm

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	BS Antenna Configuration
	(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

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

	UE Configuration
	(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;
The polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

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

	MIMO mode
	SU-MIMO with rank=1

	Scheduling algorithm
	Round robin scheduler

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Outdoor in cars: 30km/h (The velocity only influence the Doppler shift)
10 users per TRP 

	Configurations for channel blockage
	Blockage Model-A K=5 in TR38.900

	Configurations for UE rotation
	UE is rotating with random direction only for bearing angle per drop based on UE rotation feature in TR38.900 with fixed speed of 50 rpm  

	Metric
	CDF of coupling loss
CDF of wideband SINR with beamforming




image1.emf
8 10 12 14 16 18 20 22 24 26 28 30 32 34

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Received SNR(dB)

CDF

Performance comparison between two beam selection methods

 

 

Case 1

Case 2


image2.jpg
CDF

CL without rotation and blockage

-160 -140 -120 -100 -80 -60
CL (dB)




image3.jpg
CDF

CL with 1BPL refinement

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

220

200 -180 -160 -140 -120 -100 -80  -60
CL (dB)




image4.jpg
CDF

CL with 2BPLs refinement

0
200 180 -160 -140 -120 -100  -80 60
CL(dB)




image5.jpg
CDF

CL with 4 BPLs refinement

0.9

0.8

0.7

0.6

0.5

0.4

03

0.2

0.1

200

180  -160  -140  -120  -100  -80 -60
CL (dB)




image6.jpg
CDF

CL with 8 BPLs refinement

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

-200

180  -160  -140 -120 -100  -80 60
CL (dB)




image7.jpg
CDF

CL with 16 BPLs refinement

200 180 -160  -140  -120  -100  -80 -60
CL (dB)




image8.jpg
CDF

CL after 300ms

0.9

0.8

0.7

wo rotation

wo rotation&blockage |

0.6

0.5

0.4

0.3

0.2

0.1

0
220

200 ‘180 160

-140
CL (dB)

-120

-100

-80

60




image9.jpg
CDF

Wideband SINR in 300ms

0.9

0.8

0.7

M=1 wo rotation

wo rotation&blockage

0.6

0.5

0.4

0.3

0.2

0.1

0

-80

60 -40

20

0
SINR (dB)

20

a0

60

80




