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Introduction
In RAN1#86bis, the group-based beam management has been discussed thoroughly [1] and the following agreements have been reached:
· Group based beam management is to be further studied:
· Definition of beam grouping:
· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· [bookmark: _GoBack]FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
· Some examples can be found in R1-1610891 and R1-1609414
In this contribution, the grouping principles including TRP-centric and UE-centric are elaborated thoroughly. The performance of these principles is also evaluated through analysis and simulations.
Grouping principles
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Generally beam grouping is to group multiple TX and/or RX beam(s) and/or beam pair(s) into one subset of beams sharing similar properties. It can be divided into the following two categories accordingly:
· TRP centric: TRP groups DL Tx beams according to channel/beam properties seen by TRP, e.g., QCL, angle of departure for DL, etc.  With beam grouping at TRP side, TRP can help UEs to identify multi-path more efficiently, e.g. identifying orthogonal basis of the best beam; 
· UE centric: UE groups DL Tx beams according to channel/beam properties seen by UE, e.g., QCL, angle of arrival for DL, delay, etc, With beam grouping at UE side, UE also can help TRP to identify multi-path seen by the UE and let TRP know the UE beam information implicitly, i.e., UE can group beams according to each UE’s beamforming implementation/capability.
Notice that if TRP groups TX beams according to some assisted CSI information reporting from UE, e.g., QCL, angle of arrival for DL, etc, this grouping procedure is also regarded as the UE-centric one in this contribution due to the fact that some channel/beam properties from UE besides TRP sides are used for grouping TX beams. 
Observation 1: Beam grouping can be divided into two categories, i.e., TRP-centric and UE-centric, according to using channel/beam properties of TRP-side or UE-side. 


[bookmark: _Ref462843642]Figure 1 Beam grouping: (a) TRP centric; (b) UE centric 
TRP centric grouping
The beam properties, such as spatial correlation among Tx beams, only associated with Tx beams can be pre-determined in TRP centric grouping, which means that the Tx beams have been grouped before beam measurement and reporting procedure.  This TRP centric grouping procedure is shown in Figure 1(a). To be more specific,
· This method can be agnostic to UE sides and becomes an implementation issue for TRP with low complexity of standardization.
· However, these TRP centric beam grouping might be rough and inaccurate due to lack of the knowledge of corresponding UE beams and properties of propagation channel while grouping is being done. To be more specific, portion of Tx beams within the selected TRP centric group cannot obtain sufficient antenna gains. On the other hand, Tx beams sharing the same RX beam might have be divided into different groups due to the pre-defined grouping of Tx beams.    
UE centric grouping
The beam/channel properties, such as QCL, angle of arrival for DL and delay, associated with TX beams, RX beams and physical propagation channel is used for grouping Tx beams, which means that UE also help TRP to identify multi-path seen by the UE and let TRP know the UE beam information implicitly. This TRP centric grouping procedure is shown in Figure 1(b). To be more specific,
· This method can accurately group the DL Tx beams sharing similar properties since there is no restriction on the pre-specified Tx grouping like TRP centric. Also the additionally assisted information with regards to channel properties and UE ’s beamforming implementation/capability can be considered thoroughly while grouping Tx beams. Some aforementioned cases of unexpected grouping for TRP centric one can be prevented effectively.
· Nonetheless, this method needs some feedback related to grouping results from UE sides, but this overhead would be very small considering that only indicating of grouping Tx beams needs to be fed back during beam reporting.
Observation 2: UE centric grouping is capable of capturing entire properties of propagation channels and UE beamforming and consequently accurately group DL Tx beams, although TRP-centric grouping is agnostic to UE sides with low complexity of standardization. 
Performance evaluation
For the purpose of comparison, we here evaluate TRP-centric and UE-centric grouping in terms of spectral efficiency. The following beam management for TRP centric and UE centric grouping and evaluation metrics are summarized.
· TRP centric: TRP and UE sweeps all Tx-Rx beam pairs with oversampling factor of one, which would be observed that these Tx/Rx beams have very low spatial correlation and each Tx beam can be seened as the representative of one Tx beam group with high oversampling factor. UE reports the two best Tx beam indices, which would be used for calculating the targeted metric of spectral efficiency, with objective of maximizing receive SNR;  
· UE centric: TRP and UE sweeps all Tx-Rx beam pairs with oversampling factor of one. UE groups the Tx beams sharing the same Rx beam with objective of maximizing receive SNR and reports the Tx beam indices of the two best groups. These best Tx beams would be used for calculating the targeted metric of spectral efficiency.
· Metrics: CDF of spectrum efficiency (Rank=2, two panels one polarization) under transmission SNR=10dB.
The simulation parameters for this evaluation can be found in Annex, which basically follows the agreements of NR evaluation assumption and MIMO calibration.
Beam pattern
According to antenna configuration in Annex, we here consider the beam patterns for TRP with oversampling factor of one, which are shown in Figure 2. It can be observed that these Tx beams can be distinguished clearly in spatial domain, and there are very low spatial correlations among these Tx beams. That means that these TRP beams well fulfils the requirement of TRP centric grouping and can be the representative of each of TRP centric grouping.  
Some details on beam patterns of UE side with oversampling factor of one are shown in Figure 3.
[image: ] [image: ] [image: ]
[bookmark: _Ref465697108]Figure 2 Beam pattern for TRP with oversamping factor of one: (a) one beam; (b) another beam; (c) maximal gain of all TRP beams 
[image: ][image: ][image: ]
[bookmark: _Ref465698337]Figure 3 Beam pattern for UE with oversamping factor of one: (a) one beam; (b) another beam; (c) maximal gain of all UE beams 
 Performance evaluation
For TRP centric grouping, Tx beams reported by a UE might share the same RX beam taking into account that Rx beam has wide beamwidth under its limited antenna array. But, for UE centric grouping, its principle is to group Tx beams sharing the same Rx beam, which means that this method would offer more independent beam pair with regards to different propagation path. For purpose of understanding, two cases in this simulation are shown in Figure 4 and their related Tx/Rx beam IDs are summarized in Table 1. It can be observed that these two Tx beams reported by the UE according to TRP centric principle share the same Rx beam, which means that it is harder to obtainmultiplexing gain for multiple layers  for the subsequent data transmission in these cases.
[bookmark: _Ref465753653]Table 1 Tx/Rx beam IDs in two cases
	
	(Best Tx beam ID, Best Rx beam ID) in best group
	(Best Tx beam ID, Best Rx beam ID) in second best group

	Case 1 with regards to Figure 4 (a)
	TRP centric: (23,12);
UE centric: (23,12);
	TRP centric: (32,12);
UE centric: (19,11);

	Case 2 with regards to Figure 4 (b)
	TRP centric: (16,5);
UE centric: (16,5);
	TRP centric: (20,5);
UE centric: (19,7)


. 
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[bookmark: _Ref465753682]Figure 4 Two examples for beam determination for TRP/UE beam grouping: (a) Case1; (b) Case2 
Observation 3: For TRP centric grouping, Tx beams reported by UE might share the same RX beam taking into account that Rx beam often has wider beamwidth under its limited antenna array size.On the contrary, UE centric grouping can offer different Tx and Rx beams more effectively considering different propagation paths for each of beam groups.
Without loss of generality, we here consider CDL-A/CDL-B/CDL-C channel models, and subsequently the related spectral efficiencies for TRP centric and UE centric grouping are shown in Figure 5. In these circumstances, UE centric grouping can obtain higher spectral efficiencies (about 2-3 bit/s/Hz more) than TRP centric since UE centric one exploits UE beamforming capability and channel properties seen from UE side additionally. Therefore, it is beneficial to support UE centric grouping in NR-MIMO beam management. 
[image: ]
[bookmark: _Ref465755384]Figure 5 Comparison of different grouping principles in terms of spectral efficiency
Observation 4: UE centric grouping obtains higher spectral efficiencies (about 2-3 bit/s/Hz more) than TRP centric since UE centric one exploits UE beamforming capability and channel properties seen from UE side additionally.
Proposal: UE centric grouping should be supported as one beam grouping principle for NR beam management.
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This contribution provides our observations and proposals for beam grouping principles: 
Observation 1: Beam grouping can be divided into two categories, i.e., TRP-centric and UE-centric, according to using channel/beam properties of TRP-side or UE-side. 
Observation 2: UE centric grouping is capable of capturing entire properties of propagation channels and UE beamforming and consequently accurately group DL Tx beams, although TRP-centric grouping is agnostic to UE sides with low complexity of standardization. 
Observation 3: For TRP centric grouping, Tx beams reported by UE might share the same RX beam taking into account that Rx beam often has wider beamwidth under its limited antenna array size.On the contrary, UE centric grouping can offer different Tx and Rx beams more effectively considering different propagation paths for each of beam groups.
Observation 4: UE centric grouping obtains higher spectral efficiencies (about 2-3 bit/s/Hz more) than TRP centric since UE centric one exploits UE beamforming capability and channel properties seen from UE side additionally.
Based on the evaluation results and analysis on the pros and cons of UE-centric/TRP-centric beam grouping principles, we have the following proposal:
Proposal: UE centric grouping should be supported as one beam grouping principle for NR beam management.
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Annex
Table 1 Simulation parameter
	Channel model
	3GPP TR38.900 CDL-A/B/C model (Delay spread = 100ns) 
Mobility: 3km/h
The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.

	Carrier frequency
	30GHz

	Bandwidth
	80MHz

	Subcarrier spacing
	60kHz

	BS antenna configurations
	30GHz:  (M,N,P,Mg,Ng) = (4,8,1,1,1). (dV,dH) = (0.5, 0.5)λ.

	UE antenna configurations
	30GHz: (M, N, P, Mg, Ng) = (2, 4, 1, 1,1); (dV,dH) = (0.5, 0.5)λ

	TXRU mapping to antenna elements
	Two TXRU is independently mapped 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 with oversampling factor=1.

	Transmission SNR
	10 dB


Notes: Any other parameters not specified here remain the same as those in Phase 1 link-level calibration [2].
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