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Introduction
In the previous meeting, the following agreements related to beam measurement and reporting and wider bandwidth operation were made [1]-[3].

	Agreements: (NR Ad-Hoc#3)
· NR supports the case that a single scheduling DCI can switch the UE’s active BWP from one to another (of the same link direction) within a given serving cell
· FFS whether & how for active BWP switching only without scheduling (including the case of UL scheduling without UL-SCH)

Agreements: (#90)
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)

Agreements: (#90)
· When a UE performs measurement or transmit SRS outside of its active BWP, it is considered as a measurement gap
· FFS: details of measurement gap configuration
· During the measurement gap, UE is not expected to monitor CORESET

Agreements: (#89)
· Support single and multiple SS block transmissions in wideband CC in the frequency domain
· For non-CA UE with a smaller BW capability and potentially for CA UE, the measurement gap for RRM measurement and potentially other purposes (e.g., path loss measurement for UL power control) using SS block is supported (if it is agreed that there is no SS block in the active BW part(s))
· UE can be informed of the presence/parameters of the SS block(s) and parameters necessary for RRM measurement 
· FFS: via either RMSI, other system information, or RRC signaling
· FFS: number of SS blocks in wideband
· FFS: number of SS blocks for RRM measurement
· FFS: Details of measurement configuration



Based on the above agreements, we discuss further issues on the beam measurement and reporting considering wider bandwidth operation in this contribution.
Discussion
Beam management in wider bandwidth operation
According to the discussions in the previous meetings, NR strives to support wider bandwidth operation. In part of supporting the wider bandwidth operation, bandwidth part (BWP) consisting of a group of contiguous PRBs is defined as shown in Figure 1. Recently, the details of active BWP switching and the UE measurement outside of its active BWP have been discussed. In [4], we raised the further issues on beam measurement and reporting in wider bandwidth operation. To be specific, the selected beams across BWPs can be different as in Figure 2. To evaluate the necessity of beam management including beam measurement and reporting in wider bandwidth scenario, we conduct system level simulations.



Figure 1. BWPs within the system bandwidth




Figure 2. Beam selections across BWPs

Evaluation results
Bandwidth parts usage scenarios are proposed in [5] whereas our evaluations are conducted under two simplified scenarios as shown in Figure 3. In our simulations, all the bandwidth parts have the same numerology. 

	


	




	Figure 3-(a). Scenario 1
	Figure 3-(b). Scenario 2



· Scenario 1: Two bandwidth parts with different sizes overlapping in frequency domain
· Scenario 2: Two bandwidth parts with the same size and non-overlapping in frequency domain

[bookmark: _GoBack]We have configured 2D planar antenna arrays at the gNB and UE side. Beamforming weights are calculated by the Kronecker product between vertical and horizontal weight vectors while DFT beam weights are utilized for each dimension. This enables 3D beamforming and a distinctive beam is characterized by a pair of vertical and horizontal steering angles. DFT beam steering angles applied to vertical/horizontal domains are determined as follows: 



where r denotes oversampling factor and N represents the number of antenna elements in vertical/horizontal domain. To reduce computational burden, the oversampling factor is varied among only at the gNB side and fixed to one at the UE. Most of the simulation settings are inherited from those of NR MIMO calibration campaign while some changes are made. Table 1 shows some simulation parameters.

[bookmark: _Ref494456146]Table 1. Simulation parameters
	Parameters
	Values

	Scenarios
	Urban Macro (Hex grid), Indoor Office (Single sector)

	Carrier frequency
	30GHz

	System BW
	200MHz

	Subcarrier spacing
	120KHz

	Channel model
	TR38.900

	BS antenna configuration
	
,  (dV, dH) = (0.5, 0.5)λ

	UE antenna configuration
	
, (dV, dH) = (0.5, 0.5)λ
(dgV, dgH)=(0, 0)λ,

	UE array orientation
	

, 

	BS antenna pattern
	Table A.2.1-6 in TR 38.802 (UMa)  
Table A.2.1-7 in TR 38.802 (Indoor)

	UE antenna pattern
	Table A.2.1-8 in TR 38.802 (UMa, Indoor)  

	Best beam selection criterion
	Based on the RSRP within the configured BWP





According to the defined DFT beam steering angle and antenna configurations, the gNB has  distinctive beams while the UE has distinctive beams. Since the UE has two panels, best beam pairs are computed per panel. Table 2 and Table 3 show evaluation results which represent percentages of best beam change in each scenarios with respect to the oversampling factor.  

[bookmark: _Ref494459072]Table 2. Percentage of best beam pair changes under Indoor
	
	Oversampling factor, r
	gNB best beam change
	UE best beam change 
	Any of gNB or UE best beam change 

	Scenario 1
	0.5
	3.75
	3.61
	5.00

	
	1
	5.69
	4.17
	6.94

	
	2
	44.17
	11.94
	44.44

	Scenario 2
	0.5
	9.31
	7.92
	12.08

	
	1
	13.47
	9.86
	15.97

	
	2
	52.08
	15.42
	53.06



[bookmark: _Ref494459074]Table 3. Percentage of best beam pair changes under UMa
	
	Oversampling factor, r
	gNB best beam change
	UE best beam change 
	Any of gNB or UE best beam change 

	Scenario 1
	0.5
	2.02
	4.74
	5.61

	
	1
	3.51
	4.39
	6.32

	
	2
	4.91
	4.47
	6.93

	Scenario 2
	0.5
	4.12
	9.21
	10.88

	
	1
	7.02
	8.86
	12.89

	
	2
	8.51
	8.68
	12.89



It can be seen from the evaluation results that the best beam changes for BWPs cannot be ignored in both scenarios. Moreover, the best beam pair changes more frequently when the BWPs do not overlap (i.e., scenario 2 yields higher values than scenario 1 in general). 

Observation 1: The selection of beam can be different in bandwidth adaptation scenario or across bandwidth parts. 

Proposal 1: The performance evaluation should be considered according to the beam pair changes between BWPs.

Beam measurement and reporting for bandwidth parts
From evaluation results, beam measurement and reporting are necessary when the active BWP is changed. In other words, since the beam selections can be different in each case, the performance with respect to the beams is required to be evaluated. To measure the beams of other BWPs outside its active BWP, SS block or CSI-RS resource is needed. Although the details on multiple SS block transmission in wideband component carrier (CC) have not yet been discussed, basically we think that each SS block can be transmitted within BWP without overlapping and the configuration of SS blocks can be different each other for network flexibility so that some of BWPs do not transmit SS blocks. Thus, CSI-RS resources for beam management are configured for the UE to measure the beams in BWPs that does not contain SS blocks.

Proposal 2: Beam measurement of the BWPs that does not contain SS blocks should be considered.

If the SS blocks and CSI-RS resources are configured over the BWPs within the UE’s bandwidth, then the UE can measure the beams based on the agreements in beam management as illustrated in Figure 4. To support the beam measurement across BWPs, the details of the joint L1-RSRP reporting using QCL-ed SS block + CSI-RS should be studied. Moreover, beyond the beam measurement and reporting, the beam management procedures should be further investigated to support the scenarios such as bandwidth adaptation and active BWP switching.




Figure 4. Joint beam measurement on QCL-ed SS blocks + CSI-RS resources

Proposal 3: For the beam measurement and reporting for wider bandwidth operation, the details of the joint L1-RSRP reporting using QCL-ed SS block + CSI-RS should be studied.
Proposal 4: Beam management procedure when the UE’s active BWP is changed should be further investigated.
Summary
In this contribution, we present our further considerations on the beam measurement and reporting in the wider bandwidth operation. Our views are summarized as follows:
Observation 1: The selection of beam can be different in bandwidth adaptation scenario or across bandwidth parts.

Proposal 1: The performance evaluation should be considered according to the beam pair changes between BWPs.
Proposal 2: Beam measurement of the BWPs that does not contain SS blocks should be considered.
Proposal 3: For the beam measurement and reporting for wider bandwidth operation, joint L1-RSRP reporting using QCL-ed SS block + CSI-RS should be further studied.
Proposal 4: Beam management procedure when the UE’s active BWP is changed should be further investigated.
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