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Introduction
In the RAN1 #86 meeting, beam management was discussed and agreement on categorization of beam management [1] was achieved as the following:

Agreements:
· 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
· 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 smaller set of beams for beam refinement (i.e. with prior beam info)
· Notes: 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 the TRP has changed for inter-TRP Tx beam change
· 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
· In standalone and non-standalone operations, assistance information from another carrier can be utilized in beam management procedures

This contribution presents our high-level views on beam management and evaluation results in two scenarios: Urban macro and Dense Urban with some observtions from them. Some related proposals are also provided.
Discussion
Beam-related procedures are performed both in L3 and L1/L2. For L3 mobility, multi-beam based approach is applied in order to increase the network coverage by exploiting MIMO beamforming gain. It enables UE to stay connected to the network by semi-statically selecting L3 beam(s) and to handle UE mobility, blockage, etc. The beam width should be the same or wider compared to that for L1/L2, in order to reduce large L3 beam overhead, measurement load and reporting frequency. On the other hand, L1/L2 handles dynamic beam management. It is assumed that L1/L2 beam management is performed based on the beam information which is acquired in L3 beam procedures, if available. For instance, further refinement of the beam is performed in L1/L2. The number and the shape of candidate beams highly depend on the scenario, antenna configuration and required coverage. In addition, the number of beams, which is used for the association, is to be studied as well. In Figure 1, we illustrate three examples for the association schemes. In the first example, a single pair of TX/RX beams is selected by the BS and UE. In the second example, a pair of TX/RX beam pairs are selected by a BS and a UE. In the third example, multiple TX/RX beam pairs are selected, where the TX beams are from different BSs. Note that some of the beams may not be used for transmission, but just for backups. The benefit to have multi-beam measurement/association should be studied, e.g., to overcome the blockage issue.
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(a) Single-beam association      (b) Multi-beam association (Ex. 1)   (c) Multi-beam association (Ex. 2)
Figure 1: Illustration of different beam association cases.
Proposal 1: L1/L2 beam management handles dynamic beam control. L3 beam management information can be applied to reduce L1/L2 load.
Proposal 2: Study beam design in terms of coverage enhancement and link performance.
· Determine the number of candidate and associated beams
Evaluation cases
BS beamforming schemes
Two single-beam and multi-beam schemes are considered as follows, which are also illustrated in Figure 2. In general, in a single-beam transmission, a single and fixed beam is used for transmitting a signal/channel. In a multi-beam transmission, multiple beams are multiplexed in time/frequency domain to provide the coverage.
Scheme 1 (single-beam scheme a): BS association is according to TXRU 0. TXRU 0 is mapped to the antenna elements in the first column and all M = 4 rows, with the first polarization in the first panel. A 1D DFT vector is applied to map TXRU 0 to the associated antenna elements, so that it forms a single beam with vertical tilting angle of 102⁰;
Scheme 2 (multi-beam scheme): BS association is according to TXRU 0. Multiple beams are formed and scattered vertically and horizontally to map TXRU 0 to the associated antenna elements. The total number of beams is the number of antenna elements times an over sampling factor (OSF), where we consider OSF = 1 and OSF = 2; two TXRU mapping schemes are considered as follows [2]:
· Config. 1: TXRU 0 is mapped to all antenna elements, i.e., in N = 8 columns and M = 4 rows, with the first polarization in the first panel.
· Config. 2: TXRU 0 is mapped to the antenna elements in the first N/2 = 4 columns and M/2 = 2 rows, with the first polarization in the first panel.
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Figure 2: Illustration of single-beam vs. multi-beam transmissions.
UE beamforming scheme
To investigate the impact of UE RX beamforming on system performance, we consider the following UE antenna panel assumptions for comparison according to RAN1 #85 agreement [3]:
Case 1: Two panels, i.e., (Mg, Ng) = (1, 2); Θmg,ng=90; Ω0,1=Ω0,0+180; (dgH, dgV)=(0,0); (M, N, P) = (2, 4, 2), the polarization angles are 0 and 90;
Case 2: Four panels, i.e., (Mg, Ng[image: ]) = (1, 4); Θmg,ng=90; Ω0,1=Ω0,0+90; Ω0,2=Ω0,0+180; Ω0,3=Ω0,0+270; (dgH, dgV)=(0,0); (M, N, P) = (2, 2, 2), the polarization angles are 0 and 90.
We consider the following UE RX beamforming schemes:
Scheme A: Fixed RX beamforming using DFT weights to the panel orientation/tilting direction;
Scheme B: RX beam sweeping with DFT weights, wherein an oversampling factor of 2 is assumed for beam sweeping.
In multi-panel cases, we assume that each UE will choose the panel with best RSRP for cell association and signal reception. The calculation of RSRP obeys equations in Section 8.1 of TR 36.873 [4].
Evaluation results
We collected the cumulative distribution function (CDF) curves of coupling loss and geometry for the above mentioned scenarios and testing cases, respectively. 
Urban Macro
We consider two UE distribution scenarios. In the first case, all UEs are assumed to be outdoor, and the results are shown in Figs. 3 and 4. In the second case, 80% UEs are indoor and the results are shown in Figs. 6 and 7.
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Figure 3: Coupling Loss and Geometry performance of BS cases in UMa
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Figure 4: Coupling Loss and Geometry performance of UE cases in UMa
It can be observed that BS side beam sweeping can effectively compensate the propagation loss at high frequency band, if sufficient number of antennas is used for beamforming. Around 5dB performance gain is achieved by antenna array Config. 1 over antenna array Config. 2 at 50% coupling loss. Around 5dB performance gain is achieved by antenna array Config. 1 over antenna array Config. 2 at 50% coupling loss. Concerning the necessary beam number of BS beam sweeping, beam number with OSF = 1 provides similar performance as beam number with OSF = 2. 
Observation 1: BS side beam sweeping can effectively compensate the propagation loss at high frequency band.
Observation 2: BS beam sweeping with OSF = 1 effectively improves network coverage.
It can be investigated whether the beam number can be further reduced. In case all UEs are outdoor, having BS side beam sweeping can provide sufficiently good coverage. Besides the Coupling Loss and Geometry performance, the probability of each beam to be selected has also been output. The following beam selection figure is for BS Case 1: Config. 1, OSF = 2.
[image: D:\BF data\Contributionfigure\BeamSelection.jpg]
Figure 5: Beam Selection Probability for BS Config. 1 OSF=2
The analog beams are generated as follows:
,
where A(i) is the DFT vectors for Beam i and Nr is the number of antenna element. 
And the number in X and Y axis indicates the beam index i in horizontal and vertical sweeping range respectively. It can be seen that not all beams will be selected. Further study is needed to identify the range of the angels in vertical and horizontal dimensions for beam sweeping. In addition, the OSF value shall also be investigated. These two factors will impact the number of beams necessary for beam sweeping.
Proposal 3: Necessary beam number for beam sweeping should be further studied for different scenarios and antenna configurations.
From Figure 2, it is observed that if UE beamforming and beam sweeping is additionally applied, the coupling loss and SINR performance is further improved. However, in UMa scenario with 100% outdoor UEs, it seems not very critical whether to applied UE side beamforming and sweeping.
The following figures are Coupling Loss and Geometry performance for UMa scenario with 80% indoor UEs. 
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Figure 6: Coupling Loss and Geometry performance of BS cases in UMa, Indoor UE ratio = 0.8
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Figure 7: Coupling Loss and Geometry performance of UE cases in UMa, Indoor UE ratio = 0.8
From the results, it can be seen covering indoor UEs by macro BS is very challenging. UE side beam sweeping, in addition to the BS side beam sweeping, can help, but not sufficient.
Proposal 4: Study the feasibility and necessity of covering indoor UEs by macro BS.
Dense Urban 
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Figure 8: Coupling Loss and Geometry performance of BS cases in Dense Urban
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Figure 9: Coupling Loss and Geometry performance of UE cases in Dense Urban
In the dense urban scenario, due to the larger number of TRPs, the coverage problem is less severe than that of the UMa scenario. It is an interference limited scenario. Further study is needed for interference management.
Proposal 5: Study interference management schemes in the dense urban scenario.
Summary
In this contribution we discuss the remaining details of the dense urban scenario and propose the following:
Proposal 1: L1/L2 beam management handles dynamic beam control. L3 beam management information can be applied to reduce L1/L2 load.
Proposal 2: Study beam design in terms of coverage enhancement and link performance.
· Determine the number of candidate and associated beams
Observation 1: BS side beam sweeping can effectively compensate the propagation loss at high frequency band.
Observation 2: BS beam sweeping with OSF = 1 effectively improves network coverage.
Proposal 3: Necessary beam number for beam sweeping should be further studied for different scenarios and antenna configurations.
Proposal 4: Study the feasibility and necessity of covering indoor UEs by macro BS.
Proposal 5: Study interference management schemes in the dense urban scenario.
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Appendix
Table A-I: Simulation assumptions for Urban Macro scenario
	Parameters
	Values

	Layout
	Single Layer
Macro layer: Hex. Grid

	Inter-BS distance
	500 m

	Carrier frequency 
	30 GHz

	Bandwidth 
	100 MHz

	Channel model
	3D Uma

	BS Tx power
	43 dBm

	BS Antenna height
	25 m

	BS receiver noise figure 
	7 dB

	UE antenna height
	1.5 m

	UE receiver noise figure
	13 dB



Table A-II: Simulation assumptions for Dense Urban scenario
	Parameters
	Values

	
	Macro
	Micro

	Layout
	Macro layer: Hex. Grid
- 7 Macro BS
	Micro layer: Random drop
- 9 micro BSs per macro BS

	Inter-BS distance
	200 m (Macro-Macro)
	 25 m (Pico-Pico, Dscc)

	Sectorization
	3 sectors
	 1 sector

	BS port mapping
	The 4 elements are mapped to a single CRS port

	BS antenna electrical downtilting
	102 degrees
	 0

	BS Tx power
	44 dBm
	33 dBm 

	Carrier Frequency
	4 GHz 
	30 GHz

	BS antenna height
	25 m
	10 m

	Radius for small cell center dropping in a cluster (Rc)
	37.5 m

	Channel Model
	3D UMa 
	 3D UMi

	Bandwidth
	20MHz
	100MHz

	Minimum distance (2D)
	(Dscc) small cell center – small cell center: 25 m

	
	Small cell – UE: 10 m

	
	Macro – small cell cluster center: 40 m

	
	Macro – UE: 10 m

	
	Small cell cluster center - small cell cluster center: 2*Rc

	UE noise figure
	13 dB
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