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1 Introduction  
UE reporting for beam management has been discussed [1] and the following agreements have been reached: 
· 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

Subsequently, in RAN1#87, the contents for UE reporting and QCL assumption [2] [3] have been discussed and the following agreements for UE reporting have been reached:

· Study the need of supporting UE feedback and contents if needed to assist QCL association between reference signal resources/ports with respect to UE spatial QCL parameter(s) to support UE side beamforming/receiving procedure
The following working assumption for QCL assumption has been reached:

· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.

· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).

· Support UE reporting for related information, if necessary.
In this contribution, UE reporting approaches involving explicitly and implicitly reporting on CSI and spatial parameters are further elaborated for NR beam management.  
2 Discussions on UE reporting for beam management
These candidates of beam pairs associated with beam management-related CSI-RS ports are swept for selecting desirable ones, which can be achieved via beam management procedure P1/P2/P3. Notice that RS involved for beam measurement might also contain PSS/SSS/DMRS/cell-specific RS/RS for mobility, but for the purpose of presentation only beam management-related CSI-RS is discussed in this contribution. Through beam related UE-reporting, the information for desirable beams are fed back to TRP for supporting subsequent SU/MU-MIMO for one or multiple layers. 
2.1 Necessity of UE reporting of spatial parameters

NR should support up to 8-layer DL transmission and fulfill the requirement of high frequency coverage like urban macro (UMa), which means that analog beamforming in addition to digital precoding should be optimized accordingly.  For instance, several low-correlated Tx-Rx beams should be used for supporting multiple layer transmission with the objective of maximizing multiplexing gain; but for improving performance of edge users, high-correlated Tx-Rx beams pointing to the dominant cluster, e.g., LOS path, should be enabled. 
The spatial parameters, such as QCL, angle of arrival, spatial correlation of Rx beam(s), average delay, or correlation (including phase difference) of channel response, should be used for TRP to identify multi-paths observed by UE and let TRP know the UE beam information. These parameters would be the basic of the optimization of transmission scheme. If not, just based on the maximizing receiver power or RSRP, Tx beams reported by UE might share the same or high-correlated RX beam taking into account that Rx beam often has wider beamwidth under its limited antenna array size. That means that multiplexing/diversity gain would be significantly limited and transmission performance, e.g., spectral efficiency, would be degraded severely regardless of digital precoder. Some more simulation evaluations can be found in [4] [5]. 
Observation 1:   Spatial parameters provide channel correlation properties among any beam pairs and become the basic of optimization of MIMO transmission scheme taking into account that analog beamforming spatially filter physical propagation paths significantly. 
Proposal 1: NR should support UE reporting for spatial parameters, at least including QCL, angle of arrival, spatial correlation of Rx beam(s), average delay, or correlation (including phase difference) of channel response.

2.2 Beam-related UE reporting

Grouping based and spatial parameter based beam-related reporting approaches are recommended here, taking into account implicitly or explicitly reporting schemes. To be more specific,

·  Grouping-based beam reporting: UE groups desirable Tx beams fulfilling the pre-specified channel properties as one group, and subsequently beam-related information are fed back to TRP according to these groups. 
· Spatial parameter based beam reporting: Spatial parameters, including angle of arrival, spatial correlation, average delay or correlation of channel response, observed by UE would be also fed back to TRP for assisting QCL determining of Tx-Rx beams, in addition to traditional channel parameters like RSRP, CQI. 
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Figure 1 Beam-related UE reporting: (a) grouping based, (b) spatial parameter based
Grouping-based beam reporting
Beam grouping is done on Tx beams sharing the similar channel properties with or without reference beam(s). Subsequently, UE reports Tx beam ID(s) in each of M beam groups and RSRP/CSI with the best beam in each of the M beam groups accordingly. It should be noticed that reference beam(s) can be currently swept beam or previous one, and its high-correlated beam(s) would be grouped which is beneficial for achieving multi-level beamforming training, i.e., from low to high spatial resolution beam(s), and group maintenance for specified physical path(s).  
UE groups multiple Tx beams with respect to either the reference beam(s) or the beams in the same group according to the following aspects:
· whether they share the same Rx beamforming/reception

· whether they are QCL’ed
· whether their corresponding metrics are higher than some pre-defined thresholds, e.g., in terms of strengths of receiver signal, time/frequency/spatial channel correlations, angle of arrival/average delay, etc 
Regarding group-based reporting formats, 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 as shown in Table 1. If reference beams are used, group ID would be used to indicate reference beam associated with its group.  
  Table 1 Grouping-based beam reporting
	logical beam index1,1
	RSRP/CSI with the best beam
	group ID1

	…
	
	

	logical beam indexN,1
	
	

	logical beam index1,2
	RSRP/CSI with the best beam
	group ID2

	…
	
	

	logical beam indexN,2
	
	

	…

	logical beam index1,K
	RSRP/CSI with the best beam
	group IDK

	…
	
	

	logical beam indexN,K
	
	


Group-based beam reporting can be seemed as an implicit feedback, where the overhead of feedback can be saved due to the fact that elements of group have the same/similar channel property and only grouping information instead of spatial parameters need to be fed back, and meanwhile UE would impact the QCL determining of Tx-Rx beams via grouping information.
Spatial parameter based beam reporting

Spatial parameters, including QCL, angle of arrival, spatial correlation of Rx beam(s), average delay, or correlation (including phase difference) of channel response, observed by UE for desirable Tx-Rx beam pair would be directly fed back to TRP for assisting QCL determining of Tx-Rx beams, besides Tx beam index and RSRP/CQI. Similarly, correlation calculation can be based on best beam(s), e.g., with optimal receiver power, or reference beam(s) indicated by TRP. Additionally, for spatial parameter based beam reporting, one threshold under which the UE would not include that result in its feedback report still exists for saving reporting overhead.
Regarding group-based reporting formats, UE makes a beam feedback report for N beam, and beam report includes logical beam index + RSRP/CSI with the best beam + spatial parameters + reference beam ID (if exists) per beam as shown in Table 2.  

  Table 2 Spatial parameter based beam reporting
	logical beam index1
	RSRP/CSI 
	spatial parameters 
	reference beam ID1

	logical beam index2
	RSRP/CSI 
	spatial parameters 
	reference beam ID2

	…

	logical beam indexN
	RSRP/CSI 
	spatial parameters 
	reference beam IDN


Compared with grouping-based UE reporting, this explicit method would induce more feedback overheads but TRP would optimize QCL-based beam grouping combined with information observed by TRP, like TRP beamforming capability and scheduling.   
Observation 2：
· Group-based beam reporting as an implicit feedback of spatial parameters saves reporting overhead due to that elements of group have the same/similar channel properties and only grouping information instead of spatial parameters are fed back, and it would impact the QCL determining of Tx-Rx beams via grouping information
· Spatial parameter based beam reporting as an explicit feedback of spatial parameters induce more feedback overheads but TRP would optimize QCL-based beam grouping combined with information observed by TRP, like TRP beamforming capability and scheduling.   
Proposal 2:   At least one of following beam reporting approaches should be supported in NR, taking into account the necessity of spatial parameter feedback. 
· Group-based beam reporting
· Spatial parameter based beam reporting
3 Conclusion

In this contribution, UE reporting is discussed for beam management. The observations are summarized as below:
Observation 1:   Spatial parameters provide channel correlation properties among any beam pairs and become the basic of optimization of MIMO transmission scheme taking into account that analog beamforming spatially filter physical propagation paths significantly. 
Observation 2：
· Group-based beam reporting as an implicit feedback of spatial parameters saves reporting overhead due to that elements of group have the same/similar channel properties and only grouping information instead of spatial parameters are fed back, and it would impact the QCL determining of Tx-Rx beams via grouping information
· Spatial parameter based beam reporting as an explicit feedback of spatial parameters induce more feedback overheads but TRP would optimize QCL-based beam grouping combined with information observed by TRP, like TRP beamforming capability and scheduling.   
Based on the analysis on the necessity of reporting of spatial parameters, we have the following proposals:
Proposal 1: NR should support UE reporting for spatial parameters, at least including QCL, angle of arrival, spatial correlation of Rx beam(s), average delay, or correlation (including phase difference) of channel response.

Proposal 2:   At least one of following beam reporting approaches should be supported in NR, taking into account the necessity of spatial parameter feedback. 
· Group-based beam reporting
· Spatial parameter based beam reporting
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