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Introduction
This is a re-submission of R1-1714550.
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 TRP side and the UE side to exploit the high beamforming gain. At the RAN1 #86 meeting, a general framework for beam management were agreed as follows [1]:
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

According to the above agreements, TRP and UE need to jointly determine the best beam pair links (BPLs) to achieve the largest beamforming gain. However, considering the signalling overhand, feedback delay and other practical factors, it is very difficult to perform the exhaustive beam search in practical system. In this contribution, we investigate a beam search scheme based on omni-directional beamforming pattern to achieve a more efficient beam management design.
Beam selection methods
In this section, we discuss the exhaustive beam search and omni-directional beamforming based beam search in details to show the necessity of omni-directional beamforming based beam search.
[bookmark: OLE_LINK1]Suppose the number of beams swept at the TRP side is NTRP_beam and the number of beams swept at the UE side is NUE_beam, respectively. Hence, the total TX/RX beam pair number for exhaustive beam search is NTRP_beam x NUE_beam, which will cause a high complexity for beam management. Besides the complexity, the RS overhead for beam management is very high. Meanwhile, due to the large beam search number, the beam search time for exhaustive beam search is very long, which will incur a large feedback delay. Since the highly directional links resulted from sharp beams at both sides are much more sensitive to the surrounding environments, when UE is moving or rotating, it is necessary to align the beam between TRP and UE side quickly. From the discussion above, we can image that a large feedback delay will decrease the beam management performance in a dynamic environment.
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]In order to solve the above issues, we investigate the feasibility to use omni-directional beamforming based beam search in beam management. The beam selection procedures for omni-directional beamforming based beam search is very similar with the procedures for exhaustive beam search. Suppose the omni-directional beamforming is used at the UE side. TRP transmits the RS in narrow beams with different directions in several continuous OFDM symbols, which enable the UE to measurement the RSRP of different TX beams to determine the best beam/beam groups. And then, UE will report the best TX beam/beam groups to the TRP. After that, TRP will use the reported beam for transmission and UE will use narrow beams with different directions in several continuous OFDM symbols for measurement to determine the best RX beam/beams. Until then, the beam pair links suitable for transmission have been determined. According to the above description, the total beam search number for omni-directional beamforming based beam search is NTRP_beam + NUE_beam, which can greatly improve the beam management complexity when the number of beams at both sides is large. Meanwhile, it would be more robust to use omni-directional beamforming based beam search to overcome the issues caused by UE movement or rotation [2]. In the following we introduce in detail an omni-directional beamforming algorithm. 
In order to achieve a omni-directional beamforming in multiple antenna array system, specific design of  beamforming weights is need. We consider this beamforming weights problem in uniform linear array (ULA) antenna system in horizontal direction to simplify the description. This method can be easily extended for 2D antenna array by using Kronecker product. The antenna array response can be expressed as follow:

                                        (1)
where d is the antenna elements distance, M is the total antenna elements number and  is the angle variable representing the signal direction.

Suppose that  is the beamforming weights with complex number entries, then the beam pattern transmitted by ULA antenna system can be expressed as follow: 

                                             (2)


In order to achieve an omni-directional beamforming, the value of beam pattern  must be maintain as constant as possible. That is, the variance of  must be minimized as the azimuth angle  varies. With this target, the optimization problem is given as follow:

              (3)
By solving this problem [3], we can obtain the beam pattern, which is close to a omni-directional antenna. The omni-directional beamforming pattern for 4 receive antennas is shown in Figure 1. 
[image: ]
Figure 1 Omni-directional beamforming pattern for 4 receive antennas
the determ  
Evaluation results
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]In order to compare different beam selection method, link level platform simulation is performed to evaluate the channel power, which is the metrics to indicate the analog beamforming results. The channel power calculation can be expressed as follow:

                                      (4)





where  is the channel matrix in frequency domain and  is the equivalent channel matrix in frequency domain with analog beamforming gain.  and  are the analog beamforming weights in TRP side and UE side.  is the subcarrier number in the simulation. 2 cases are evaluated for comparison.
Case 1: Exhaustive beam search: Calculate the channel power of all the BPLs (assuming narrow beams) and select the best one
Case 2: Omni-directional beamforming based beam search:
	- UE side uses omni-directional beamforming to select the best Tx beam
	- UE side selects the best Rx beam by fixing the Tx beam
The evaluation assumptions are listed in Table A-I. Results are summarized in Figure 2~5.
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	Figure 2 Channel power with 8 Rx beams for (M,N,P,Mg,Ng)=(2,4,2,1,2)
	Figure 3 Channel power with 32 Rx beams for (M,N,P,Mg,Ng)=(2,4,2,1,2)
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	Figure 4 Channel power for (M,N,P,Mg,Ng)=(4,4,2,1,2)
	Figure 5 Channel power for (M,N,P,Mg,Ng)=(4,8,2,1,2)


From Figure 2~3, we can observe that the performance between case 1 and case 2 are almost the same. There is a very small gap in Figure 2, this is because the Rx beams used for evaluation in Figure 2 can’t ensure a sufficient coverage. This gap is vanished in Figure 3 when the Rx beam number is increased. In Figure 4~5, the channel power with different UE antenna array structure is investigated. From the simulation results, we can find that the omni-directional beamforming algorithm can be compatible with various antenna array structures. The maximum beam search number between case 1 and case 2 based on the corresponding assumptions of Figure 3 are listed as follow:
Case 1: Exhaustive beam search: 32 x 32 = 1024
Case 2: Omni-directional beamforming based beam search: 32 + 32 = 64
Thus, it can be seen that using omni-directional beamforming based beam search can greatly improve the beam management complexity. Meanwhile, when the usage of above 6GHz is limited as complementary solution to sub-6GHz system, i.e. non-standalone scenario, the coverage issue by using omni-directional beamforming may not a critical issue. Hence, omni-directional beamforming based beam search has similar performance and less beam search complexity compared to exhaustive beam search.
Proposal 1:  Consider omni-directional beamforming based beam search in beam management.
Summary
In this contribution, we propose a omni-directional beamforming based beam search to achieve a more efficient beam management. Based on the evaluation results, the proposed viewpoint can be summarized as:
Proposal 1:  Consider omni-directional beamforming based beam search in beam management.
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Appendix
Table A-I: Simulation assumptions for omni-directional beamforming
	Parameter
	Values

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	60kHz

	Channel Model
	CDL-A

	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.

	Constraints for the range of selective beams
	- 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]
     -- 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]

	BF scheme
	Analog BF based on beam selection

	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,b= 0 degree, ΩUT,g = 0 degree

	Metrics
	1) CDF of channel power
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