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Introduction
Pertinent agreements made on group-based beam reporting in RAN1 NR Ad-Hoc [1], #88[2], #88bis [3] and #89[4] can be summarized as follows:
	Summary of agreements:
· 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)
· Information indicating Nl DL Tx beam(s) when applicable
· 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
· 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.
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered
· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.
· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.



In this contribution, we present our views on criteria for group-based beam reporting and the comparison between Rx beam set-based (Alt#1) and UE antenna group-based (Alt#2) beam reporting. 
Criteria for group-based beam reporting
We observe that beam reporting based on criterion A1 is useful and necessary for the NR scenarios of gNB with multi-TRP and multi-panel TRP. The multi-panel TRP can need to select one Tx beam from each of the panels for the downlink transmission to one UE. Those selected Tx beams from different panels should be received simultaneously at the UE. The TRP can select Tx beams from the Tx beams in the same group reported according criterion A1. Considering the TRP with two panels shown in Figure 1a. The TRP can select two Tx beams from two panel which are reported in the same beam group according to criteria A1. Tx beam #1 and #2 are reported in the same beam group and the TRP can select them for the downlink transmission. 
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Figure 1a
In the scenario of multi-TRP, the gNB needs to select one Tx beam from each of those TRPs for joint transmission. The Tx beams from multiple TRPs should be received by the UE simultaneously. Similarly to the scenario of multi-panel TRP, the gNB can select Tx beam from beam reported in the same group reported according to criterion A1. Considering an example of multi-TRP shown in Figure 1b. The Tx beam#1 from TRP #1 and Tx beam #2 from TRP #2 are reported in the same beam group according to criteria A1. They can be received simultaneously by one UE. Therefore, the gNB can select them for the joint transmission from two TRPs to that UE.
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Figure 1b
Observation 1: Criterion A1 is needed in NR to support the scenario of multi-panel TRP and multi-TRP gNB.
The beam reporting based on criterion C1 is useful for the network to select BPL to provide Rx beam diversity at UE side. One example use case is multi-BPL PDCCH transmission, in which the TRP uses multiple BPLs to transmit PDCCH to one UE. Different BPLs can be applied to different CORESTs to one UE. The TRP can select different TRP Tx beams for those BPLs to provide Tx-side beam diversity. The TRP can further improve the performance of multi-BPL-based PDCCH transmission based on the beam reporting based on criterion C1. The TRP can select Tx beams from different reporting group for different BPLs. By doing that, different BPLs correspond to different Rx beams at UE side and thus UE-side beam diversity is also included in PDCCH transmission. An example is illustrated in Figure 1c. The TRP Tx beam#1 and #2 correspond to Rx beam# 1 and Rx beam #2, respectively. Thus in the beam reporting based on criterion C1, Tx beam #1 and Tx beam #2 are reported in different group. The TRP can select Tx beam #1 for BPL #1 and Tx beam #2 for BPL #2. Multi-BPL PDCCH transmission to that UE using BPL #1 and BPL #2 would provide both TRP-side Tx beam diversity and UE-side Rx beam diversity.
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Figure 1c
Observation 2: Criterion C1 is useful to provide beam diversity for multi-BPL PDCCH transmission.
Based on the above discussion and observation, we make the following proposal
Proposal 1: NR supports criteria A1 and C1 for group-based beam reporting in NR 
As described in the agreement, criteria A1 and A2 correspond to Rx beam set-based and UE antenna group-based beam reporting. In the following section, we present the detailed discussion on these two alternatives.
Discussion on Rx beam set and UE antenna group
1 
2 
3 
Definition of Rx beam set and UE antenna group
A clear definition and common understanding on the both alternatives is beneficial for our discussion and comparison. To simplify the discussion, two UEs shown in Figure 2a are going to be used to illustrate the definition of Rx beam set and UE antenna group.
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Figure 2a: Examples of Rx beam set and UE antenna group
As shown in Figure 2a, UE A has one Rx antenna panel (panel #1). Two possible analog Rx beams, beam 1 and beam 2, can be formulated on panel #1. We can have the Rx beam set and UE antenna group configuration for UE A:
· Rx beam set: UE A can define two Rx beam set, 1st Rx beam set contains beam 1 and 2nd Rx beam set contains beam 2.
· UE antenna group: since UE A has one antenna panel, UE A can only define one UE antenna group, which corresponds to panel #1. The 1st UE antenna group contains {beam 1, beam 2}.
The beams 1 and 2 are formulated on the same panel. They cannot be used simultaneously by UE A. During the beam management, UE A needs to choose one from beams 1 and 2 to receive the downlink transmission from the TRP. We can observe that one defined Rx beam set of UE A is actually one of the reception state of UE A. UE A will use one of those Rx beam sets to receive the downlink transmission. However, UE antenna group of UE A cannot reflect the reception state.
Then let us consider UE B. There are two Rx antenna panels, panel #1 and panel #2. Two possible analog Rx beams can be formulated on both panels. We can have the Rx beam set and UE antenna group configuration for UE B:
· Rx beam set: Assume UE B will always use both panel to receive the downlink transmission. Then UE B can define the following possible Rx beam sets: 1st Rx beam set {beam 1, beam 3}, 2nd Rx beam set {beam 1, beam 4}, 3rd Rx beam set {beam 2, beam 3} and 4th Rx beam set {beam 2, beam 4}.
· UE antenna group: since UE B has two panels, UE B can defined two UE antenna groups: 1st UE antenna group contains {beam 1, beam 2} corresponding to panel #1 and 2nd UE antenna group contains {beam 3, beam 4}.
To receive the downlink transmission, UE B will chose one beam from both panels (assuming UE B always use both panels for reception). UE B will chose either beam 1 or 2 from panel #1, and either beams 3 or 4 from panel #2. The choice of UE B is just one of the Rx beam set configuration. We can also observe that one defined Rx beam set of UE B is actually one of the reception state of UE B and UE B will use one of those four Rx beam sets to receive the downlink transmission. Same to the example of UE A, the UE antenna group configuration of UE B cannot reflect any reception state of UE B. 
To summarize the discussion and comparison, we can conclude that each configured Rx beam set is exactly one of the reception state of one UE with multi-beam operation, but UE antenna group configuration cannot reflect the reception state. One UE would choose one of the Rx beam set to receive the downlink transmission. If one UE is requested to only report one Tx beam, the UE can report one preferred Tx beam which can be the ‘best’ beam with respect to his preferred Rx beam set. The definition of UE antenna group is tightly associated with the UE hardware configuration. Each UE antenna group correspond to one antenna panel or one antenna array. If one UE is requested to only report one Tx beam, the report from the UE with more than one panels is not quite useful for the TRP because the reported Tx beam is only for one UE antenna group, i.e., one antenna panel and TRP cannot know whether the reported Tx beam is good with respect to other UE antenna panels.   
Observation 3: One Rx beam set is one of the reception state of one multi-beam UE but one UE antenna group is not. The definition of UE antenna group depends on the hardware implementation critically.
On Rx beam set is actually one reception state of a multi-beam UE. An example shown in Figure 2b is used to further explain it.  UE C has one panels. The UE has three possible Rx beams. Beams 1 and 2 have the same beam width but point to different spatial direction. Beam 0 has a wider beam width than the other two beams. Since there in only one panel, UE C can defined three Rx beam sets containing beam 0, 1 and 2, respectively. UE C can choose the ‘best’ one among these three to receive one downlink channel.
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Figure 2b
Beam reporting based on Rx beam set and UE antenna group
In this section, we are going to discuss and compare the beam reporting based on Rx beam set and UE antenna group. To simplify the discussion, two examples of UEs shown in Figure 2c are used to illustrate the discussion and comparison.
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Figure 2c
First consider the UE A in Figure 2c. UE A has one panels and two beams (beam 1 and 2) are possible Rx beams for UE A to select. Let the beam RSRP measurement for each Tx beam-Rx beam pair be shown in Table 1.
Table 1: Beam RSRP measurement for every Tx beam-Rx beam pair at UE A
	
TRP Tx beams
	RSRP w.s.t each Rx beam (dBm)

	
	1
	2

	1
	-100
	-60

	2
	-90
	-70

	3
	-80
	-80

	4
	-65
	-90

	5
	-95
	-80

	6
	-85
	-90

	7
	-75
	-110

	8
	-90
	-100



No matter which reporting method is used, the network should be able to select Tx beam 1 of TRP 1 and Tx beam 5 of TRP 2 to transmit to UE A, and UE A should select Rx beam 2 to receive the corresponding downlink transmission because that combination of Tx beams-Rx beam provide the largest RSRP, i.e., the best link quality. Assume the network configure UE A to report the best N beams for each TRP. We can see that the Rx beam set based method can assist the system to achieve that objective but UE antenna group based method cannot.
In Rx beam set based method, UE A defines two Rx beam set: 1st Rx beam set containing Rx beam 1 and 2nd Rx beam set containing Rx beam 2. The beam reporting from UE A would be:
· If N is 1 and UE A is requested to report Tx beams for one Rx beam set, UE A reports {Tx beam 1, Tx beam 5} for 2nd Rx beam set.
· If N is 2 and UE A is requested to report Tx beams for two Rx beam set, UE A reports (1) {Tx beam 1, Tx beam 5} for 2nd Rx beam set; (2) {Tx beam 4, Tx beam 7} for 1st Rx beam set.
With either report case, the TRP can choose {Tx beam1, Tx beam 5} or {Tx beam 4, Tx beam 7} to transmit downlink data to UE A.
In UE antenna group based method, UE A defines one antenna group, 1st UE antenna group since there is only one antenna panel.
· If UE A is requested to report N =1 Tx beam for each TRP, UE A would report {Tx beam 1, Tx beam 7} because they provides the largest RSRP with respect to the UE antenna group. But we should note that Tx beam 1 provides the largest RSRP only when UE A uses Rx beam 2 to receive it and Tx beam 7 provides the largest RSRP when UE A uses Rx beam 1 to receive it. The reported beam information is not useable to the network because using Tx beam 1 and Tx beam 7 cannot provide the best downlink link quality for UE A.
· If UE A is requested to report all Tx beams for 1st UE antenna group, UE A would report the best RSRP of every Tx beams, i.e., {Tx beam 1, -60dBm}, {Tx beam 2, -70dBm},{Tx beam 3, -80dBm},{Tx beam 4, -65dBm},{Tx beam 1, -80dBm},{Tx beam 1, -85dBm},{Tx beam 1, -75dBm},{Tx beam 1, -90dBm} for 1st UE antenna group. But the reported information is still not usable to the network. Because the best RSRP of each reported Tx beam can be generated by reception of different Rx beams. The network does not which two beams of TRP 1 and 2 are the best beams with respect to the same Rx beam. 
Based on the above discussion and comparison, we can make the following observation.
Observation 4: The network can easily select Tx beams for downlink transmission through the Rx beam set-based beam reporting. 
Observation 5: UE antenna group-based beam reporting is not useable for the network because the information of Rx beam is considered in this method. 
We can achieve the same observation and conclusion in the example of UE B who has two Rx antenna panel shown in Figure 2c. The beam alignment objective for UE B is to select one Rx beam from each of UE antenna panels and one Tx beam from TRP1 and TRP2. Since the Tx beams from TRPs 1 and 2 are received by the same Rx beam pair (one Rx beam from each UE antenna panel) simultaneously, those two Tx beams should be jointly selected to provide the ‘best’ performance based on the one Rx beam pair of UE B. If the antenna group-based reporting method is used here, the gNB would meet the same difficulty in selecting Tx beam, as in the example of UE A. In contrast, Rx beam set-based reporting can resolve this difficulty. UE B can have up to 4 Rx beam sets and each set comprises one Rx beam in antenna panel 1 and one Rx beam in antenna panel 2. Similar to UE A, UE B can measure each Tx beam pair {i, j} with respect to each Rx beam set, where i and j are Tx beam of TRP1 and TRP2, respectively. Then UE B can report one or more Tx beam pairs and the gNB can select one of the reported beam pairs for the transmission to UE B.  
To summarize, Rx beam set represents the real reception status of one UE but the antenna group does not. Rx beam set-based reporting method can report the Tx beam selection with respect to one reception status of one UE. Based on these analysis and observations, we propose to support Rx beam set-based beam reporting.
Proposal 2: NR supports Rx beam set-based beam reporting (Alt#1). 
Conclusions
In this contribution, Samsung’s view on beam measurement and reporting for beam management in new radio interface (NR) is presented. The following observations and proposals are made:
Observation 1: Criteria A1 is needed in NR to support multi-panel and multi-TRP scenario.
Observation 2: Criteria C1 is useful to provide beam diversity for multi-BPL PDCCH transmission.
Observation 3: One Rx beam set is one of the reception state of one multi-beam UE but one UE antenna group is not. The definition of UE antenna group depends on the hardware implementation critically.
Observation 4: The network can easily select Tx beams for downlink transmission through the Rx beam set-based beam reporting. 
Observation 5: UE antenna group-based beam reporting is not useable for the network because the information of Rx beam is considered in this method. 
Proposal 1: NR supports criteria A1 and C1 for group-based beam reporting in NR 
Proposal 2: NR supports Rx beam set-based beam reporting (Alt#1). 
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