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1. Introduction
Regarding DL beam management, the following agreement has been achieved in RAN1 NR Ad-Hoc#2.
· Study L1-RSRP reporting of multiple beams considering

· Differential L1-RSRP for multiple beams

· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable

· Bit-width of reporting, 

· Number of groups/beams per group 

· UCI design of the beam reporting, 

· FFS: Other issues

· The UE can report N selected CRIs where the reported CRIs are sorted to indicate the relative L1-RSRP information. 

· E.g., reporting {CRI1,CRI2,…,CRIN}, the ordering information can indicate that CRI1 has the largest RSRP, CRI2 has the second largest RSRP, etc.

· Study further details of reporting mechanism for differential L1-RSRP reporting:

· 
Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable

· 
RSRP reporting range
· 
RSRP reporting resolution
In this contribution, we discuss the group based beam reporting mechanism and overhead reduction for multi-stage reporting of grouping information, then study reference RSRP for L1-RSRP differential report. 
2. Discussion
1.1. Group based beam reporting

UE needs to report the information of selected TRP Tx Beams for DL transmission. It has been agreed to support group based beam reporting based on Alt 1 or Alt 2 at the previous meeting. Beam grouping in Alt 1 is done based on UE Rx beam set(s). Beam grouping in Alt 2 is done based on UE antenna group(s) related to panel. Based on the grouping information, the eNodeB and the UE can learn whether multiple Tx/Rx beams can be used for transmission/reception simultaneously. Moreover, it is easier to design / select an appropriate beam diversity/multiplexing transmission scheme with the grouping information.
Beam grouping based on UE Rx beam sets is shown in Figure 1. Beams in Alt 1 can be associated with a principle, for example, UE can be configured to report two groups’ beam information. The beams in the first beam group are constructed by low spatial correlation with serving beam. Thereby the beam reporting information in group one can be used deal with blockage. And the beams in the second group are high correlated with serving beam. The beam reporting information in beam group 2 can be used to assist multiple user pairing. This grouping method can flexibly realize beam switching and scheduling. According to the A1 beam grouping criteria, different TRP Tx beams reported for the same group can be received simultaneously at the UE.

[image: image1]
Beam grouping based on UE antenna group is shown in Figure 2, each panel of UE is a group. This grouping method can easily distinguish Rx beams from the physical location, but there is no specific relation between the beams, so it is not easily adapted to particular scene. Different Tx beams in same antenna group may not to be received simultaneously, while different TRP Tx beams reported for the different groups can be received simultaneously at the UE. For some realistic antenna architectures Alt 2 reporting is impossible. 


[image: image2]
Alt 1 and Alt 2 approaches both sweep all Tx-Rx beam pairs in beam management procedure to select TRP Tx beam. Then UE needs to report the beam index and corresponding RSRP value of all selected beams. Thus the two reporting approaches have the same RS and UE feedback overhead. Nonetheless Alt 1 is more suitable for the beam management since Alt 1 can flexibly realize beam switching and scheduling.
Proposal 1: It should be considered the Alt 1as the basic reporting approaches based beam grouping.
1.2. Multi-stage reporting
As for Alt 1, different TRP Tx beams in the same group can be received simultaneously at the UE, but the beam multiplexing needs to be determined according to the antenna panel. In order to clearly confirm which beams can achieve multiplexing/diversity in a UE Rx set, there is a 2-step hierarchical grouping procedure shown in Table 1:
· Step-1: establish group in Alt 1. The principle of grouping can be the spatial correlation between selected beams.
· Step-2: further group the beams in each Step-1 group into sub-groups based on Alt 2.

Assuming that there are N panels in each UE and it needs to select K beams for each UE panel to make up a UE Rx set. Generally，signals carried by different TRP Tx beams reported for the different UE antenna panel and the same Rx beam set can be spatially multiplexed (i.e., beam index 1,3 in figure 3) and signals carried by different TRP Tx beams reported for the same UE antenna panel and same Rx beam set (i.e., beam index 1,2 in figure3) can be used for joint transmission. Take the case of N=2, K=2 for an example, when the 2-step hierarchical grouping procedure showing in figure3 is implemented, it is easy to know which beams are intended to be multiplexed. As we all known, after Step-1, different TRP Tx beams in the same group can be received simultaneously at the UE (i.e., beam index 1,2,3,4 or beam 4,5,6,7). In step2, beams in the same set are further grouped according to UE panels, and the beams in the same panel are measured and indexed according to the RSRP value decreasing order. Thus, after step-2, TRP knows the fact that beams which beam index difference is n*K {n=1,2, …N-1}can be spatially multiplexed. (i.e., {beam index 1,3} ,{beam index 2,4},{beam index 5,7},{beam index 6,8})
Table 1.Hierarchical grouping

	Rx beam set group 1
	UE antenna group 1
	beam index 1

	
	
	beam index 2

	
	UE antenna group 2
	beam index 3

	
	
	beam index 4

	Rx beam set group 2
	UE antenna group 1
	beam index 5

	
	
	beam index 6

	
	UE antenna group 2
	beam index 7

	
	
	beam index 8


In beam selection procedure, UE needs to report beam information includes the DL beam indices and the corresponding RSRP/CSI, as well as the beam multiplexing information. In order to reduce the overhead of UE reporting, the number of beams K selected on each antenna panel should be the same during the beam selection procedure. Then the UE only needs to report the beam measurement results and the value of N and K in multi-stage reporting methods. According to the order of the reported beams, TRP can know each successive K beams corresponding to a UE panel, and each successive N*K beams corresponding to a UE Rx beam set. Then, TRP can know the beams which beam index difference is n*K {n=1,2,…N-1} can be spatially multiplexed automatically without extra indications.


[image: image3]
Proposal 2: In order to reduce the overhead of UE reporting, the number of beams K selected on each antenna panel is the same during the beam selection procedure.
In the configuration of CSI-RS for beam management, the Tx beam grouping information can be indicated by the following methods. The TRP can configure M resource settings corresponding to M UE Rx beam sets; in each resource setting, N CSI-RS resources are configured. Each CSI-RS resource with K ports can correspond to K TRP Tx beams.
1.3. Differential RSRP reporting

In the beam reporting procedure, differential RSRP reporting is a preferable reporting mode. There are two alternative methods to configure reference RSRP:
Alt1: configure a reference RSRP value for the differential reporting
Alt2: configure different reference RSRP value for different Rx beam sets

Alt1 only need to report one reference RSRP value in all the reporting procedure. Moreover, the RSRP range for reporting is large. In order to make the report of each beam corresponding RSRP value accurately, the resolution of RSRP is higher, and then result in high bits overhand. Alt2 can configure the reference RSRP value flexibly for each Rx beam set according to the beam grouping principle. Also, range of RSRP reporting of each Rx beam set is smaller. The resolution of different Rx beam sets can be different in Alt2, for example, determining the size of the resolution based on the using requirements of the group. As a result, Alt2 can achieve reported flexibility. 

Both Alt1 and Alt2 have their own advantages and disadvantages. The NW can configure the same bit-width used for beam reporting for two motheds. The beam reporting with Alt1 is much easier to implement since the resolution of differential RSRP values is fixed within Alt1. On the contrary, Alt2 is difficult to operate but it is flexible to use. Then UE can selet one of the alternative reference RSRP values configured methods according to the usage of beam reporting.
Proposal 3: It should be considered to configure different reference RSRP values for different Rx beam sets to achieve the flexibility of RSRP reporting.
3. Conclusion

In this contribution, we discuss the group based beam reporting mechanism and overhead reduction for multi-stage reporting of grouping information. The following proposal can be summarized:
Proposal 1: It should be considered the Alt 1as the basic reporting approaches based beam grouping.
Proposal 2: In order to reduce the overhead of UE reporting, the number of beams K selected on each antenna panel is the same during the beam selection procedure.
Proposal 3: It should be considered to configure different reference RSRP values for different Rx beam sets to achieve the flexibility of RSRP reporting.
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Figure 1. Beam grouping based on UE Rx beam set
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Figure 2.  Beam grouping based on UE antenna panel
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Figure 3. Hierarchical grouping
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