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Introduction
For beam measurement and reporting, the following was agreed in [1].
	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 
Agreements email discussion [90b-NR-17]:
· Include the RRC parameter: Num-Reported-RS-Measure. Value Range – {1,2,3,4}, Default – 1. 
· The number N of measured RS resources to be reported per report setting in a non-group-based report. N <= N_max, where N_max is either 2 or 4 depending on UE capability. The value range for N is {1,2,3,4}.
· Note: this parameter may not be needed for certain RS and/or report settings
· FFS: The signaling mechanism for the gNB to select a subset of N beams for the UE to measure and report.


According to the above agreements, it is necessary for companies to determine the values of N based on the evaluation results for the first release of NR. In this contribution, we provide our initial performance investigation on the number of Tx beams fed back to TRP and investigate the impact of beam selection methods on performance.
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 assumed 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.
· Rx-B: Multiple panels use single beam for reception. 
· Rx-C: Multiple panels use multiple beams for transmission.
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: Single analog beam for all panels.
· Tx-B: Multiple analog beams for all panels.
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 1 UE antenna structure
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(a) single panel use single beam for reception (b) multiple panel use single beam for reception (c) multiple panel use multiple beam for transmission
Figure 2 Different kinds of reception mode in UE side
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Figure 3 gNB antenna structure
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(a) Single analog beam for all panels 			(b) Multiple analog beams for all panels
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.
· Case 1: UE is restricted to use single panel and the feedback Tx beam number is one. Rx beams in both two panels will be swept and a single Tx/Rx beam pair with highest RSRP, among all Rx beams from both panels will be selected.
· Option 1: rank is fixed to 1
· Option 2: rank adaptive between 1 and 2
· Case 2: UE is restricted to use two panels and the feedback Tx beam number is one. Rx beams in both two panels will be swept and one Tx/Rx beam pair with highest RSRP will be selected for transmission for both panels.
· Case 3: UE is restricted to use two panels and the feedback Tx beam number is two. Rx beams in both two panels will be swept and one Tx/Rx beam pair with highest RSRP will be selected per single panel.
Table I Evaluation case for beam reporting
	Case
	Feedback Tx beam number
	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
Firstly, we evaluate case 1 option1 and option 2 to investigate the performance gain of higher rank transmission in hybrid beamforming system. SLS results are provided for case 1, the parameter assumption is summarized in Appendix Table I. As Fig. 2 (a) shows that for average SE, rank adaptation case has more than 40% performance gain than fixed rank 1 case; for 5% SE, rank adaptation case has more than 10% performance gain than fixed rank 1 case. And we further plot the rank distribution for rank adaption case as Fig. 2(b), it shows that more than 80% users use two ranks for transmission which improved the spectrum efficiency 
   
(a) Performance gain for rank adaptation	(b) Rank distribution for rank adaptation 
Figure 4 SLS results of case 1 single beam feedback
To investigate the impact of beam reporting, e.g., the report beam number on system performance, different cases with different beam selection method were evaluated. Spectrum efficiency is used as a metric for performance comparison. Note that we adopted the case 1, option 2 as a baseline scheme, and rank adaptive is adopted for all three cases.
By comparing case 1 and case 2, as Fig. 3 (a) shows, the performance improved as more UE panel is used in case 2 which can provide higher rank transmission. And the performance when UE using two panels can be further improved by selecting beams for each panel separately, as case 3 shows. In case 2, only one beam is selected and reported, and all the TXRUs in gNB side use the same analog beam reported by UE for data/control transmission. In case 3, two beams, e.g., beam #1, beam #2 are selected and reported for each panel, and half the TXRUs in gNB side use beam #1, the other half of TXRUs in gNB side use beam #2 for data/control transmission. Performance gain achieved as more appropriate analog beams are adopted for each UE panel. Note that for 5% UE SE, there is around 5% performance loss for case 2 and case 3. Further optimization of the link adaptation and user scheduling algorithm shall be considered.
Then we further plot the rank distribution for case 2 and case 3, as Fig. 3 (b) shows, for case 2 UEs are more likely to use rank 2 for transmission, while there is higher probability for high rank, e.g., rank 3, rank 4 transmission for case 3. The rank distribution results also proved that higher rank transmission can be achieved by using more appropriate analog beams.
Observation 1: Panel-based beam reporting, e.g., UE selecting and reporting beam for each panel to gNB can improve the system performance.
 
(a) Performance comparision of different beam selection methods	(b) Rank distribution
Figure 5 SLS results of different beam selection cases
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 UE movement, UE rotation and blockage. For NR high frequency, the best Tx/Rx beam may change caused by UE behavior and blockage. For example, the Tx beams selected by two panels with lower correlation can better resist blockage compare to the Tx beams selected by one panel with high correlation.
· 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 provide our initial performance investigation on beam reporting. Based on the discussion, we have the following observations.
[bookmark: _GoBack]Observation 1: Panel-based beam reporting, e.g., UE selecting and reporting beam for each panel to gNB can improve the system performance.
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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



Performance gain of higher layer HBF transmission 

Rank 1	Avg. Cell SE	5% UE SE	1	1	Rank 1	&	2	Avg. Cell SE	5% UE SE	1.4576054537707712	1.1794320798158098	



Rank probability

Rank 1 	Rank 2 	0.14929999999999999	0.85070000000000001	


Performance comparision of different beam selection cases

case 1	Avg. Cell SE	5% UE SE	1	1	case 2	Avg. Cell SE	5% UE SE	1.1112519500780031	0.94	case 3	Avg. Cell SE	5% UE SE	1.1815197607904315	0.96	



Rank probability

rank 1	case 2	case 3	0.1333	0.12609999999999999	rank 2	case 2	case 3	0.60719999999999996	0.3649	rank 3	case 2	case 3	0.1673	0.31219999999999998	rank 4	case 2	case 3	9.2200000000000004E-2	0.1968	
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