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1. Introduction  
In RAN#80 meeting, a new WID for enhancement of NR-MIMO has been approved for Rel-16 [1]. Regarding multi-beam operation as one of the objectives in the WID, our recommended potential enhancements on multi-beam operation including multi-panel/TRP based beam measurement, group based beam reporting, DL beam indication, UE panel activation/de-activation and DL/UL simultaneous transmission have been discussed in our companion contribution [2]. 
Then, in this contribution, we further discuss evaluation assumptions for beam reporting and its corresponding evaluation results involving group-based and non-group-based approaches.
2. Evaluation on beam reporting
2.1 Evaluation assumptions 

In this section, we evaluate reporting quantities in Rx beam set (Alt1) beam reporting approaches. In the setup, we have 4 panels/subarrays at TRP side and two panels (back to back) at the UE side.  Each panel contains two TXRUs for dual-polarization. TRP and UE sweep all Tx-Rx beam pairs with oversampling factor of (O1, O2) = (1, 1). One fixed TRP panel/subarray with dual polarization is used at TRP side for analog beam sweeping while both back by back panels each with one polarization are used for analog beam sweeping at UE side. The procedure for beam management is shown in Figure 1. In this case, UE speed is set as 3km/h.
· Beam sweeping and measurement for all Tx-Rx pairs is performed per 200 ms, and its beam/group based reporting is fed back to TRP. Notice that only one gNB panel is enabled for generating Tx beams for sweeping during beam measurement procedure. To be more specific, 
· Regarding non-group based beam reporting, 
· In UE side, X best beams are reported with the objective of maximizing RSRP; 
· In gNB side, only one best Tx beam is selected to be used for all panels, i.e., 4 panels in this simulation, according to results from reporting after beam refinement/re-selection at UE side.
· Regarding group based beam reporting, 
· In UE side, the N best Tx beams per UE panel, which is called as centric Tx beam per group, are selected with the objective of maximizing RSRP, and then the Tx beams from each panel are grouped into N group in order, respectively. Subsequently, M best Tx beams per group are re-searched with the objective of maximizing RSRP under the Rx beam pair for each of the centric Tx beam pair i corresponding to i-th group, respectively. Subsequently, each of N groups are updated according to the M best Tx beams to be researched accordingly (Notes that the centric Tx beams per group are still in the group after updating). Finally, N groups and M beams per group are reported to gNB. 
· Notices that, in this contribution, the criteria of grouping based reporting is based on the Alt-1 beam group based approach as follows.
· Different Tx beams to be reported within one group can be received simultaneously; but, different Tx beams to be reported from different group may NOT be received simultaneously.
· In gNB side, with the objective of maximizing RSRP, only one group is selected and the one of its Tx beam(s) associated with different panel is used for KgNB/KUE panel (i.e., 2 panels in this simulation), where KgNB denotes the number of panels in gNB side (i.e., 4 panels in this simulation), and KUE denotes the number of panels in UE side (i.e., 2 panels in this simulation),
· Beam refinement (i.e., beam re-selection) for candidate beams (for groups) is performed per 20 ms. Herein after the corresponding beam measurement and reporting, the latest beam/beam group from the candidate groups in this measurement window is being initiated for the following transmission. 
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Figure 1 Beam management procedures in performance simulation
Some more details on evaluation assumption can be found in Annex.
2.2 Performance results 
In this section, we evaluate spectral efficiency (SE) as a function of the number of Tx beams to be reported for non-group based reporting and group-based reporting cases. The results are shown Table 1 for non-group based reporting and Table 2 for group-based reporting.
Table 1
Spectral efficiency under non-group based reporting with X beams to be reported 
	
	X = 1 beam
	X = 2 beams
	X = 4 beams
	X = 8 beams
	X = 16 beams

	Average
	16.5886
(100%)
	16.6291
(0.24%↑)
	16.6800
(0.55%↑)
	16.6805
(0.55%↑)
	16.6805
(0.55%↑)


Table 2
Spectral efficiency under group based reporting with M beams within only one group to be reported 
	
	M = 2 beams
	M = 4 beams
	M = 6 beams
	M = 8 beams

	Average
	18.9798
(100%)
	19.0575
(0.41%↑)
	19.0642
(0.44%↑)
	19.0667
(0.46%↑)


Observation 1: From the evaluation results, it can be observed that:

· Performance does not vary much as number of beams increases for non-group based reporting.

· Performance of group based reporting with 2 beams outperforms non-group based reporting even with 16 beams. 
Here we further evaluate the performance as the function of number of beam groups or number of groups in case of blockage which are shown in Table 3.
Table 3
Spectral efficiency under group based reporting with M beams per group to be reported and N groups in case of blockage
	
	N=1 group

M = 2 beams
	N = 1 group

M = 4 beams
	N = 1 group

M = 8 beams
	N = 2 group

M = 2 beams 
	N = 4 group

M = 2 beams
	N = 8 group

M = 2 beams

	Outage
	11%

(100%)
	6%

(-45.5%↓)
	2%

(-81.2%↓)
	3%

(-72.7%↓)
	1%

(-90.9%↓)
	0%

(-100%↓)

	Average
	12.4313 

(100%)
	12.5315

(+0.81%↑)
	12.7242

(+2.36%↑)
	13.0613

(+5.07%↑)
	13.4169

(+7.93%↑)
	13.5942

(+9.35%↑)


 Observation 2: From the evaluation results, it can be observed that:

· Increase number of beams per group can bring performance benefit.

· Increase number of groups can bring higher performance gain to combat blockage
Based on the above observation, non-group based beam reporting is not efficient method of beam reporting.    Considering this, 4 beams is more than sufficient for non-group based beam reporting. Therefore, the direction of enhancements in Rel-16 should be increasing maximum number of beam groups to 8 from only 1 group that has been already supported in Rel-15.   For number of beams in a group, further evaluation should be done considering more UE panels.
Proposal: For group based beam reporting, support 8 beam groups in Rel-16.  
· FFS on more reported groups or beams considering more UE panels. 
3. Conclusion

In this contribution, beam reporting for beam management are discussed and studied here. The observations from evaluation results and the proposals for number of reported beams/groups are summarized as below.
Observation 1: From the evaluation results, it can be observed that:
· Performance does not vary much as number of beams increases for both non-group reporting.

· Performance of group based reporting with 2 beams outperforms non-group based reporting even with 16 beams. 
Observation 2: From the evaluation results, it can be observed that:
· Increase number of beams per group can bring performance benefit.

· Increase number of groups can bring higher performance gain to combat blockage
Proposal: For group based beam reporting, support 8 beam groups in Rel-16.  
· FFS on more reported groups or beams. 
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Annex
Table 4 Simulation assumptions for link-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Subcarrier Spacing
	60kHz

	Transmission SNR
	10 dB

	Channel Model
	CDL-A model
· delay spread =100ns

· UE speed=3km/h.  

· The angle of BS, i.e., AoD, are uniformly distributed within [-60, 60] degrees in azimuth domain, and that of UE, i.e., AoA, are uniformly distributed within [-180, 180] degrees in azimuth domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	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.

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2). (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (2.0, 4.0)λ

	BS antenna element radiation pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. 2)
Θmg,ng=90; Ω0,1=Ω0,0+180;

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, ΩUT, = 0 degree

	UE antenna element radiation pattern
	See Table A.2.1-8 in TR 38.802

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


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption for beam management in eNR-MIMO.
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