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1. Introduction

In an NR multi-beam system, the beam measurement and reporting mechanisms are essential for the effective multiple beam operations. Among the key associated issues, one is whether or not to support the grouping of the receive beams / antennas to facilitate the beam reporting. If so, what is the best grouping scheme for the receive beams / antennas. 
In the last meetings, we have agreed to support the group-based beam reporting. Moreover, two alternative grouping schemes were also proposed, and at least one of them should be supported in NR. The detailed agreements are as follows [1][2]:
	Working assumptions:

· Support at least one of these two alternatives of beam reporting:
· Alt 1:

· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  

· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal

· Note: It is UE implementation issues on how to construct the Rx beam set.  

· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.

· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam

· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.

· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:

· UE reports information about TRP Tx Beam(s) per UE antenna group basis

· where UE antenna group refers to receive UE antenna panel or subarray 

· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam

· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.

· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE

· FFS: How UE antenna group or Rx beam set is captured in the specification
Agreements:

· Confirm the working assumption on group based beam reporting made in RAN1 Jan. NR Adhoc Meeting, with the following update:

· Further discussion for possible down-selection or merging, especially taking into account overhead

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)

· 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




Based the above agreements, we may need to down-select or merge the two alternatives for the group-based beam reporting. In the contribution, we discuss each alternative for the typical scenarios and propose how to move forward. 
2. Discussion
2.1. Reporting based on UE Rx beam set(s)
The first alternative (Alt.1) is that UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s). That is to say, the beam reporting is based on the grouping of UE Rx beams. 
Generally, only one Rx beam set (i.e., a group of Rx beams) is active for one instant, and different Rx beam sets are active one by one in a sweeping manner. Therefore, the main characters of Alt.1 are:

· Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· Different TRP TX beams reported for different UE Rx beam set usually cannot be received simultaneously at the UE
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Fig. 1: Illustration of Alt.1

Fig. 1 is an illustration of Alt. 1. UE uses all the antennas to generate two Rx beam sets, which are denoted as b1 and b2 respectively. 

For the beams from TRP 1 (i.e., B1, B2, B3), b1 is the best Rx beam set. Based on the measurement results, UE will transmit the report associated with the explicit/implicit indication of b1 for B1, B2 and B3. Therefore, if two beams of TRP 1 (e.g., B2, B3) have satisfying qualities for the corresponding beam-pairs, the network may transmit signals through B2 and B3 simultaneously for robustness / spatial multiplexing and the UE uses the Rx beam set b1 for reception.  
The advantages of Alt.1 are its simplicity and efficiency for the UEs with one antenna panel. If a UE is with multiple antenna panels which can work simultaneously and independently, Alt. 1 may lead to larger overhead due to the large size of Rx beam sets.

2.2. Reporting based on UE antenna group 
The second alternative (Alt.1) is that UE reports information about TRP Tx Beam(s) per UE antenna group basis. That is to say, the beam reporting is based on the grouping of UE Rx antennas. 

Generally, an Rx antenna group consists of antenna sub-arrays or panels, which have their own TRXUs, and different antenna groups will have no overlap in terms of antenna(s).  That is to say, different Rx antenna groups can be active simultaneously due to independent TRXUs.

Therefore, the main characters of Alt.2 are:

· Different TX beams reported for different antenna groups can be received simultaneously at the UE side
· Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE side
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Fig. 2: Illustration of Alt.2
Fig. 2 is an illustration of Alt. 2. The UE has two antenna panels, which are denoted as P1 and P2 respectively. 

For the beams from TRP 1 (i.e., B1, B2, B3), P1 is the best Rx antenna panel. Based on measurement results, UE will transmit the beam report associated with the explicit/implicit indication of P1 for B1, B2 and B3. Therefore, if two beams from different TRPs (e.g., B2, B5) have satisfying qualities for the corresponding beam-pairs, the network can transmit signals through B2 and B5 simultaneously for robustness / spatial multiplexing. In this case, both antenna panels work at the same time. Thus, the antenna panel P1 is active for the reception of B2 whereas the antenna panel P2 is active for the reception of B5. 
From the above illustration, Alt.2 is very flexible for the UEs with multiple Rx antenna panels. However, it also constrains each antenna panel to receive only one Tx beam. In some cases, it is beneficial for an antenna panel to receive multiple Tx beams. Fig.3 is an illustration of such a case, where the Rx beam b2 may receive B2 and B3 simultaneously. 
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Fig. 3: A case where Alt. 2 is inefficient 

2.3. Support of both alternatives 
From the above discussions, each of the two alternatives is efficient for some kinds of UEs / scenarios, but may be inefficient for other UEs / scenarios. 

In order to support different UEs/scenarios more efficiently, it is beneficial to support both Alt.1 and Alt.2 in NR system. Thus, we have
Proposal 1: NR should support both Alt.1 and Alt.2 for group-based reporting. 
To support both Alt.1 and Alt.2, there are two different ways:

· Option 1: Allow to configure which alternative is used for group-based beam reporting. This way is   combination of Alt.1 and Alt.2.  UE can report the preferred alternative to the network based on its antenna configuration and capability. Option 1 can solve the problem illustrated in Fig.3. However, Option 1 may not achieve the full flexibility in the case of Fig.4. For example, UE may receive B2 and B3 by b2 and receive B4 and B5 by b3 at the same time. Option 1 cannot support such a simultaneous transmission of 4 Tx beams (B2, B3, B4, B5). 
· Option 2: Generalize Alt.1 and Alt.2 to get a more general scheme. However, the generalized schemes require more overhead. We need to carefully investigate the future NR UEs’ antenna configuration and capability, and study the necessity of such a generalized scheme. 
Therefore, we have the following proposal:
Proposal 2: To support both Alt.1 and Alt.2, we can study the following two options and down-select one of them:

· Option 1: Allow to configure which alternative is used for group-based beam reporting
· Option 2: Generalize Alt.1 and Alt.2 to get a more general scheme for group-based beam reporting 
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Fig.4: A case where Option 1 may not achieve the full flexibility
3. Conclusions
In this contribution, we discuss two alternatives for group-based reporting. Based on the above discussions, we have the following proposals:
Proposal 1: NR should support both Alt.1 and Alt.2 for group-based reporting. 
Proposal 2: To support both Alt.1 and Alt.2, we can study the following two options and down-select one of them:

· Option 1: Allow to configure which alternative is used for group-based beam reporting
· Option 2: Generalize Alt.1 and Alt.2 to get a more general scheme for group-based beam reporting
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