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Introduction
In 3GPP RAN1#86bis meeting, UE reporting for beam management procedures were discussed and following agreements were made [1]:
Agreements: 
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
· Study how the N Tx beams can be selected 
· Study the case where N comprises of all Tx beams
· Study UE reporting information
· Note: N can be equal to 1
It was also agreed to study group based beam management procedures:
Agreements:
· 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 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
In this contribution, UE reporting based on beam grouping are discussed.
Discussion
TX beam and RX beam are sensitive to UE movement, rotation and blockage, etc. To improve robustness of beamforming against these factors, multi-beam transmission was proposed, e.g., multi-beam diversity, or multi-beam multiplexing. By these schemes, a single data layer is transmitted from multiple spatial beams to improve robustness against blockage, rotation, etc.
To facilitate multi-beam transmission, in beam management procedure, UE needs to select and report more than one TX beams. CSI measured on these beams perhaps is also needed. Based on recommended TX beams, TX beam used for data transmission can be selected or even dynamically switched, e.g., using one selected beam for transmission, or using multiple beams for diversity transmission to overcome blockage. 
The number of selected beams N can be configured by TRP. UE selects those TX beams that have the highest RSRP/ RSRQ. Alternatively, the number can be determined by UE. TRP can configure UE a threshold of RSRP/RSRQ, UE then select those TX beams with RSRP/RSRP greater than the threshold. 
Proposal 1:
· NR supports reporting information associated with N selected Tx beams where N is configured by TRP or determined by UE.
If there is no constraint on the TX beams that UE selects, it is likely that those selected TX beams are highly correlated. That is, the directions of those selected beams are close to each other. This is especially the case when the candidate TX beams are of high spatial resolution. When one of the selected TX beam is blocked, it is highly possible all those selected beams are blocked. Thus the transmission reliability or robustness cannot be guaranteed as expected. The situation is illustrated in Figure 1. Two TX beams are selected by UE, and unfortunately the two TX beams travel along the same path. If one beam pair fails due to sudden blockage, it is highly probable that the other beam pair also fails. 

Figure 1: Illustration of correlation between selected TX/RX beams
To overcome this problem, the TX beams can be grouped according to spatial correlation. For example, TX beams with correlation greater than a threshold are put into one group. Then UE is required to select TX beams from different groups, that is, at most one TX beam can be recommended from one TX beam group. An example is shown in Figure 2. Two TX beam groups are shown in Figure 2 (Other TX beams are omitted for simplicity). UE selects one TX beam from one group. With proper grouping, TX beams with sufficient spatial separation can be selected to guarantee robustness or reliability.

Figure 2: TX beam selection with TX beam group constraint
 
Proposal 2:
· Beam grouping based TX beam selection is supported to guarantee independence of selected TX beams.
· UE is required to select TX beams from different beam groups.
Another usage of beam grouping is to unify intra-TRP and inter-TRP beam management. Inter-TRP beam management gives us more opportunity of overcoming blockage. For example, when beams from one TRP are blocked, the transmission could be switched to another TRP. Even more aggressively, inter-TRP joint transmission could be supported to further boost user throughput. Both above usages require UE to select TX beams for multiple TRPs. By beam grouping, selection of TX beams for multiple TRPs could be supported in the same framework as single TRP beam selection. To be specific, TX beams of different TRPs are put into different beam groups and UE is required to report beam-related information for those beam groups. Whether the beam groups belong to one or multiple TRPs could be made transparent to UE. The scenario is illustrated in Figure 3. Two beam groups from two TRPs are configured to UE. UE selects one TX beam from each group which is equivalent to select one TX beam from each TRP. 

Figure 3: Beam grouping for multiple-TRP scenario





Beam grouping is carried out at TRP. TX beams with correlation greater than a threshold are put into one group, or TX beams pointing to adjacent spatial directions are put into one group. For a planar antenna array, oversampled 2D DFT beams are natural choice of beamforming weight. Assume the number of antenna elements in the first and second dimension of one polarization is  and , respectively. Oversampling factors of each dimension is  and . The oversampled 2D DFT beams have  beams:

                          (1)


                                               ,                         (2)


For example, one simple way of implement beam grouping is to put adjacent DFT beams into one group. A beam grouping results for  is illustrated in Figure 4.

Figure 4: Beam grouping illustration
The grouping information, i.e., information regarding which beams belong to the same group, shall be signaled to UE together with the RS configuration for beam management. 
Proposal 3:
· Beam grouping is carried out at TRP, and the grouping information is signaled to UE together with the RS configuration for beam management.
Typically, a TRP is equipped with far more antenna elements than a UE due to the form factor constraint on UE. As a result, for DL transmission, number of TX beams would be significantly larger than number of RX beams. Overhead for signaling TX beam may present a problem in some system with massive antenna array. If, however, the indication of TX beam is solely for UE to set RX beam, the TRP can then instead indicate to UE which RX beam shall be used. To facilitate this, UE needs to report an RX beam index for each selected TX beam in addition to the index of the selected TX beam. After scheduling decision is made, TRP determines the TX beam for data transmission and the corresponding RX beam based on UE reporting. RX beam is then indicated by downlink control signaling with fewer bits than indication of TX beams.
Proposal 4:
· NR support RX beam index reporting to reduce DL control signaling overhead.

Conclusions
In this contribution, UE reporting based on beam grouping is discussed, and the following proposals are given:
Proposal 1:
· NR supports reporting information associated with N selected Tx beams where N is configured by TRP or determined by UE.
Proposal 2:
· Beam grouping based TX beam selection is supported to guarantee independence of selected TX beams.
· UE is required to select TX beams from different beam groups.
Proposal 3:
· Beam grouping is carried out at TRP, and the grouping information is signaled to UE together with the RS configuration for beam management.
Proposal 4:
· NR support RX beam index reporting to reduce DL control signaling overhead.
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