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Introduction
For beam measurement and reporting, the following was agreed in [1][2].
	Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied
[bookmark: OLE_LINK4]Agreements:
· For non-grouping based beam reporting, support the following reports parameters:
· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4 where a subset of N (N<=N_max where N = 1, 2,3,4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
· Reporting differential L1-RSRP when multiple beams are reported in one reporting instance. Reference is the largest L1-RSRP in that reporting instance. FFS other reference for differential reporting. 
· FFS applicable reporting channels and number of beams, and associated reporting contents 
· FFS: the UE adjusts the L1-RSRP of multiple RS resources according to the power offset between them
· Bit-width: 7bit for L1-RSRP ranging from -140dBm to -44dBm with 1dB stepping size (analogous with LTE) and 4bit for differential L1-RSRP 
FFS stepping size of differential quantization 


According to the above agreements, it is necessary for companies to evaluate the performance of different beam reporting methods and benefits of group based beam reporting. In our previous contribution [3], we provide performance investigation on the number of Tx beams fed back to TRP and investigate the impact of beam selection methods on performance. In this contribution, we further evaluate impact of beam selection method on system performance with blockage. 
Beam Reporting Evaluation
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this section, we discuss the evaluation methodology, evaluation assumption and evaluation cases for beam reporting.
For NR, it is assumed that both UE and gNB side have multiple antenna element (AE), multiple panels and TXRU-to-AE mapping configurations. As Fig. 1 shows, for UE side we assum that each UE has two panels and a single TXRU is mapped per panel per polarization. Based on the antenna structure assumption, three kinds of reception mode can be assumed as Fig. 2 shows,
· Rx-A: Single panel use single beam for reception (dynamic panel switching).
· Rx-B: Multiple panels use common beam index for reception. 
· Rx-C: Multiple panels use different beams for reception.
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Figure 1 UE antenna structure
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(a) single panel use single beam for reception (b) multiple panel use common beam for reception (c) multiple panels use different beam for transmission
Figure 2 Different kinds of reception mode in UE side
For gNB side, four panels are assumed as Fig. 3 shows and a single TXRU is mapped per panel per polarization. Based on the antenna structure assumption, two kinds of transmission mode are assumed in the evaluation as Fig. 4 shows,
· Tx-A: Common analog beam is applied for each of the panels.
· Tx-B: Separate analog beam control is applied per panel.
Based on the assumption of the UE antenna structure and transmission/reception modes, we further designed the beam selection methods and evaluation cases.
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Figure 3 gNB antenna structure
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(a) Common analog beam for each of thenpanels 	(b) Seperate analog beams for each panel
Figure 4 Different kinds of transmission mode in gNB side
Evaluation cases
Tx beam selection criteria are L1-RSRP which is measured based on the first TXRU of the first panel at the TRP side and the first TXRU per panel at the UE side. Several cases, as summarized in Table I are considered, which are described in more details below.
To investigate the impact of beam selection method on system performance considering the blockage effects, the system-level evaluation is performed for all the cases w/ and w/o blockage. For the blockage modelling, 5 blockers are set for each user based on the model described in [4].
· Case 1: UE always uses single panel (dynamic panel switching) and the number of selected Tx beam is one. Rx beams in both two panels are swept and a single Tx/Rx beam pair with highest RSRP, among all Rx beams from both panels is selected.
· Case 2: UE always uses two panels and the number of selected Tx beam is one. Rx beams in both two panels are swept and one Tx/Rx beam pair with highest RSRP is selected for transmission for both panels.
Case 3: UE always uses two panels and the the number of selected Tx beam is two. Rx beams in both two panels are swept and one Tx/Rx beam pair with highest RSRP will be selected per single panel. 
Table I Evaluation case for beam reporting
	Case
	Number of selected Tx beam 
	gNB transmission mode
	UE reception mode
	Beam selection method

	1
	1
	Tx-A
	Rx-A
	Select the Tx beam with highest RSRP

	2
	1
	Tx-A
	Rx-B
	Select the Tx beam with highest RSRP

	3
	2
	Tx-B
	Rx-C
	Select the best Tx beam for panel #1

	
	
	
	
	Select the best Tx beam for panel #2


Evaluation results
The system performance evaluation results are provided as following:
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(a) SLS results of different cases			(b) Performance decline ratio
Figure 5 SLS results of different cases w/ and w/o blockage
[bookmark: _GoBack]As Fig. 5 shows that when blockage occurs, the system performance decreased for all three evaluated cases. From the cell mean spectrum efficiency perspective, the performance declines about 25%~35% for different cases. Specifically, the performance decline ratio in Case 3 is lowest among the three cases, in which the TX/RX beams are selected for each panel separately. Such kind of beam selection method reduced the spatial correlation of equivalent channel, and this is the reason why less performance decreased when blockage occurs.
Observation 1: Panel based beam reporting, e.g., UE selecting and reporting beam for each panel independently to gNB, can improve robustness of the system. 
Further Evaluation Issues
Based on the initial performance investigation of beam reporting in Section 3, we can identify several open issues to be further discussed in RAN1 to enable efficient operation of evaluation on beam reporting for NR, including (but not limited to):
· Evaluation considering multiple TRP cooperation. As the Tx beams used for multi-beam transmission can from different TRP, multiple TRP scenario should be considered for evaluation of beam reporting.
· Tradeoff between report overhead and SINR performance. The overhead for beam reporting should be considered for evaluation of beam reporting.
Summary
In this contribution, we evaluate impact of beam selection method on system performance with blockage. . Based on the evaluation results and discussion, we have the following observation.
Observation 1: Panel based beam reporting, e.g., UE selecting and reporting beam for each panel independently to gNB, can improve robustness of the system. 
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Appendix: 
Tabel I, evaluation assumption for SLS
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	10 MHz

	Subcarrier Spacing
	15kHz

	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  [102°, 112°]
- Beam directions for UE: 		 
-- Azimuth angle [-3*pi/8, -pi/8, pi/8, 3*pi/8];
-- Zenith angle [10°, 30°];

	ISD
	200m

	BS Tx power
	43dBm

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

	BS Antenna Configuration
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2](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,a  uniformly distributed on [0,360] degree, ΩUT,b = 0 degree, ΩUT,g = 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
	Fixed rank 1/Rank adaptation 

	Traffic mode
	Full buffer

	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
	80% indoor; 20% outdoor. 10 users per TRP 

	Rank selection
	beam number adaptation

	Blockage modeling
	Model A
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