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1 Introduction  
In RAN1#88, grouping-based beam reporting has been discussed [1] and the following agreements have been reached: 
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 

· For each group l, UE reports at least the following information:

· Information indicating group at least for some cases

· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1

· Measurement quantities for Nl beam (s)

· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)

· FFS: the details of RSRP/CSI derivation and content

· FFS: Other reporting contents, e.g., RSRQ  

· FFS: Configurability between L1 RSRP and CSI report

· FFS: whether or not to support differential L1 RSRP feedback

· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable

· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.

· This group based beam reporting is configurable per UE basis.

· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1

· NOTE: No group identifier is reported when it is turned off 

· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously

· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission
Subsequently, in RAN1#88bis meeting, some further discussion on which alternative should be adopted or merging them together are discussed [2] [3]and we have the following agreement:

· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.

· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting

· Each company to state the assumed UE implementation in the analysis

In this contribution, the architecture of grouping-based beam management and its grouping-based beam reporting is further elaborated and evaluated via comprehensive simulations.  
2 Grouping based beamforming/receiving procedures
The concept of beam-group based beam management is to manage beams in group basis instead of beam-by-beam basis.  The beam management procedure including group based indication/reporting, beam-group maintenance and transmission group(s) switching is shown in Figure 1. Noticed that only Rx beam set (Alt1) or a UE antenna group (Alt2) are analyzed and evaluated in this contribution, and the analysis of necessity of merging scheme Alt1-2 can be found in companion contribution [4]. 

· Step 1 Beam sweeping: Reference signals (RSs) associated with one or more Tx beams, such as CSI-RS, DMRS, are transmitted via numerous time/frequency resources, and these RSs are received by UE for measuring channel properties with one or more Rx beams, i.e., P1, P2 or P3.
· Step 2 UE-centric beam grouping: UE groups DL Tx beams according to channel/beam properties observed by UE, e.g., QCL, angle of arrival for DL, etc. With beam grouping at UE side, UE also can help TRP to identify multi-path observed 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, like the number and coherent/non-coherent features of UE panels and the recommended transmission scheme (e.g., joint transmission or spatial multiplexing).
· Step 3 Grouping-based UE reporting: UE carries out one beam feedback report for K beam group, and beam report includes N * logical beam index (i.e., N-best beam) + RSRP/CSI with the best beam + group ID per beam group. It should be noticed that N is not fixed per each group one especially for Alt-1, which can be determined by UE basis.
· Step 4 Grouping-based beam indication: TRP should configure the QCL relationship among swept beams according to grouping information of UE reporting and its beamforming capability. Deriving QCL assumptions between group ID(s) and the subsequent transmission/measurement beam-related RSs are to assist UE-side beamforming/reception as beam indication. This beam indication is conducted via multi-stage indication for QCL among RS ports, via joint using RRC, MAC-CE and DCI signaling. 
· Step 5 Group(s) maintenance for beam refinement: The group-related reference signal with or without grouping indication signaling is to be triggered by UEs/TRP with the explicitly configurable or fixed number of sweeping beams, which also can be used for beam refinement or beam tracking. It is noted that after beam sweeping, the group(s) of TRP and UE remain but its related beam might be changed accordingly, which is agnostic to other side.   

· Step 6 Transmission group(s) switching: In the case that link qualities are lower than expectations, TRP and UE would directly probe these alternative ones with grouping indication before switching groups for data/control channel and subsequently determining whether switching its transmission group(s) to alternative one or not accordingly. It means that the data stream would be transmitted continuously without outage. 
· Step 6 Beam recovery: After transmission group(s) switching still cannot work well and beam link failure for control channel occurs, UE’s initialized behavior for identifying newly potential beam(s) and beam recovery request transmission would be enabled accordingly. Some more details can be found in companion contribution [5].
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Figure 1 Group-based beam management
3 Performance evaluation 
For the purpose of comparison, we here evaluate Rx beam set (Alt1) and UE antenna group (Alt2) beam reporting approaches. The following evaluation assumptions for Rx beam set (Alt1) and UE antenna group (Alt2)  approaches and evaluation metrics are summarized.  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.
· Rx beam set (Alt1) approach: For UE side, it only assumes that TRP can transmit two Tx beams simultaneously with different data stream. UE reports the two Tx beam group, with objective of maximizing channel capacity, as well as their corresponding RSRPs. It should be noticed that it does not mean that the number of Tx beams in two groups is the same or always equal to 2.
· UE antenna group (Alt2) approach: UE groups two best Tx beams into one set with the objective of maximizing RSRP per UE-side panel, i.e., two groups in total, their RSRPs as well as group ID per panel.
· RS for beam management: Each analog beam (weights per panel) pair independently occupies one symbol of OFDM.
· Transmission scheme with beam selection:

· Rx beam set (Alt1) approach: If the best group has only one Tx beam, this beam would be generated by four Tx panels, independently, in data transmission. Otherwise, the two best beams reported by UE are used for data transmission, where each of these two beams is generated by two Tx panels independently. 

· UE antenna group (Alt2) approach: The best beam from the group under each Rx panel is used for data transmission, and two total selected beam(i.e. corresponding to two Rx panels) are used for data transmission.
· Common transmission scheme for Alt-1 and Alt-2:

· If the second best beam can obtain more than 0dB in terms of SNR, the best beam would be used for two panels and the second best beam would be used for other two panels;

· But if second best beam is less than 0dB but saturation of SE can be observed (i.e., only using the best Tx beam),  the best beam would be used for two panels and the second best beam would be used for other two panels;

·  Otherwise, if second best beam is less than 0dB and saturation of SE cannot be observed, the best beam would be used for four panels;
· SU-MIMO with rank adaptation, with maximum values of 4;
· Evaluation metrics:

· RS overhead;

· Overhead of UE feedback;

· Spectral efficiency
Besides, the two following cases are considered here for evaluating performance,

· Case-1: link level simulation (CDL-A model); 

· Case-2: system level simulation in UMa scenario;
It should be noticed that regarding all cases the associated Rx beams of UE are selected according to Tx beams/groups for data transmission. The other simulation parameters for this evaluation follow NR evaluation assumptions and some details can be found in Annex.
3.1 Beam pattern
According to antenna configuration in Annex, beam patterns for TRP with (M,N,P,Mg,Ng) = (4,8,2,2,2) as well as oversampling factor of one, 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. Similarly, beam patterns of UE’s one of back by back panels with oversampling factor of one are shown in Figure 3. But some gain degradation can be observed for the region between neighbour beams and this gain degradation can be declined as the oversampling factor increases.
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Figure 2 Beam pattern for TRP with (M,N,P,Mg,Ng) = (4,8,2,2,2) as well as oversamping factor of one: (a) one beam; (b) another beam; (c) maximal gain of all TRP beams 
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Figure 3 Beam pattern for UE’s one panel with oversamping factor of one: (a) one beam; (b) another beam; (c) maximal gain of all UE beams 
3.2 Performance comparison 
RS overhead
Rx beam set (Alt1) and UE antenna group (Alt2) approaches both sweep all Tx-Rx beam pairs according to this evaluation assumption, these two approaches have the same RS overhead. To be more specific, in the case of (O1, O2)=(1,1), we have 32*16 = 512 OFDM symbols in LLS and UMa scenarios, respectively. 
Overhead of UE feedback
For Rx beam set (Alt1) approach, UE reports 2 beam groups i.e., 2 Rx beam sets with each group having maximum of 2 beams and their corresponding RSRPs in total. Namely the maximal overhead of UE feedback is that 4 Tx beam indices, 4 RSRPs and 4 group IDs. It should be noticed that each group might consist of one or two Tx beams, which should depend on receive mode. (For instance, in low SNR scenario, only one Tx beam is fed back to TRP, which means that UE would like to generate one joint Rx beam through two back-by-back panel with maximal RANK of 2 or less, instead of 4).
On the other hand, for UE antenna group (Alt2) approach reports 2 groups all of which consist of 4 Tx beam indices, 4 RSRPs and 4 group IDs. 
In other words, these two approach would have the same overhead of UE feedback but the Rx beam set (Alt1) approach might have some saving in low SNR cases.  
Spectral efficiency
Firstly, we consider UMA scenario in system level simulation as a function of transmission SNR and have the spectral efficiency results as shown in Figure 4 and Table 1. Note that we here have rank adaptation. 
Here are some observations from the results (performance gain of Alt-1 over Alt-2):
· Performance gain of +11.81%, 6.14% and 1.28% is also observed in terms of 5%, 50% and 95%-ile UE, respectively 
· 4.7% more in terms of average spectral efficiency. 
· From 10% to 80%-ile UEs, the performance gain of Alt1 over Alt2 can be observed clearly in Figure 4.
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Figure 4 Spectrum efficiency under Case-1 link level simulation
Table 1
Spectral efficiency under Case-1 link level simulation

	
	5% Cell edge UE
	50% -ile UE
	95%-ile UE
	Average

	Rx beam set (Alt1) 
	1.9793 (+11.81 %↑)
	4.5063 (+6.14%↑)
	7.2452 (+1.28%↑)
	4.5230 (+4.7%↑)

	UE antenna group (Alt2) 
	1.7702
	4.2457
	7.1533
	4.3201


It should be noticed that the performance gain of Alt1 is obtained over Alt2 due to the fact that Rx beam set (Alt1) approach is to generate one or more Rx beams for the perspective of UE sides’ observation and capability, which is transparent to TRP sides, but UE antenna group (Alt2) just considers the correlation properties of different UE panels, which means that mostly multiple Tx beams from different groups associated with different non-coherent panel are used for data transmission. Rx beam set (Alt1) can do some joint Tx-Rx multi-beam optimization between multiple UE panels, but UE antenna group (Alt2) just focuses on that optimization per panel. To be more specific, 

· Joint transmission with selection of of UE serving panels. 

· If the RSRP for some UE panels is not sufficient for supporting independent data stream in some cases, UE can “turn off” these panels through not containing their corresponding Tx beams within the group of Rx beam set (Alt1). If so, Tx beam generated by TRP panel would be only pointing to the portion of UE panels instead of all of them for the perspective of joint transmission of multiple panels. But, in UE antenna group (Alt2), the best beams per panel is selected and then being grouped, which means TRP panels would be split into multiple group for serving different UE panel unless the RSRP for some group is very low. 

· Spatial multiplexing with efficiently inter-layer interference suppression.

· RSRP cannot be used to derive inter-layer interference, which means TRP cannot derive this information from RSRP. Inter-layer interference can be estimated/observed by UE only unless extra information is reported to the TRP.. Rx beam set (Alt1) does beam selection based on optimization for high RANK transmission considering inter-layer interference reduction. In contrast, UE antenna group (Alt2) is just based on the physical isolation between two non-coherent panels. It would be a serious issue especially when we consider four-panel cases as shown in our companion contribution [4].

Subsequently we evaluate those two approaches in terms of spectral efficiency in UMa scenario as shown in Table 2. It can be shown that Rx beam set (Alt1) approach obtains higher spectrum efficiency than UE antenna group (Alt2) one for both average spectral efficiency, 50-ile or 95%-ile UE, especially for 50-ile UE.  Additionally the outage of Alt1 is 12.5% less than Alt2. It is due to the fact that Rx beam set (Alt1) approach makes the best of UE’s capability and observation over UE antenna group (Alt2), e.g., above mentioned joint transmission of multiple panels and spatial multiplexing with low intra-layer interference.
Table 2
Spectral efficiency under Case-2 UMa scenario

	
	Outage
	50% -ile UE
	95%-ile UE
	Average

	Rx beam set (Alt1) 
	14% (-12.5%↓)
	0.1711 (+24.44%↑)
	1.5804 (+1.48%↑)
	0.3637 (+1.31%↑)

	UE antenna group (Alt2) 
	16% 
	0.1375
	1.5574
	0.3590


Observation 1: Rx beam set (Alt1) approaches fully exploits UE beamforming capability and channel properties seen from UE side additionally and make optimization with objective of maximizing channel capacity instead of just RSRP, compared with UE antenna group (Alt2) one.
Observation 2: Rx beam set (Alt1) approach obtains joint transmission and spatial multiplexing gains and higher spectral efficiencies than UE antenna group (Alt2) in both cases of LLS and UMa SLS scenario according to observed results from comprehensive simulations, while Rx beam set (Alt1) approach has slightly low overheads in terms of UE feedback.
Proposal: Rx beam set (Alt1) should be adopted in grouping-based beam reporting.
4 Conclusion

In this contribution, beam grouping for beam management are further elaborated and evaluated via comprehensive simulations. These observations are summarized as below:
Observation 1: Rx beam set (Alt1) approaches fully exploits UE beamforming capability and channel properties seen from UE side additionally and make optimization with objective of maximizing channel capacity instead of just RSRP, compared with UE antenna group (Alt2) one.
Observation 2: Rx beam set (Alt1) approach obtains joint transmission and spatial multiplexing gains and higher spectral efficiencies than UE antenna group (Alt2) in both cases of LLS and UMa SLS scenario according to observed results from comprehensive simulations, while Rx beam set (Alt1) approach has slightly low overheads in terms of UE feedback.
Based on the evaluation results on two candidates for grouping-based beam reporting, we have the following proposals:
Proposal: Rx beam set (Alt1) should be adopted in grouping-based beam reporting.
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Annex
Table 3 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 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.

	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

	MIMO mode
	SU-MIMO with rank adoption


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [6].
Table 4 Evaluation assumptions for UMA system-level simulation
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	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.

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

	Scheduling algorithm
	Proportional Fair (PF)

	Traffic Model
	Full buffer

	ISD
	500m

	BS Tx power
	43dBm

	BS Antenna Configuration
	(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;
Notes: the polarization angles are 0 and 90

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

	BS antenna pattern
	See wall-mount in Table A.2.1-6 in TR 38.802

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

	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
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP 


Notes: Any other parameters not specified here remain the same as those in NR evaluation assumption [6].
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