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1 Introduction

In the past three RAN1 meetings, the following have been agreed [1][2][3]:
· 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.

· Some examples can be found in R1-1610891 and R1-1609414
· For downlink, NR supports beam management with and without beam-related indication

· When beam-related indication is provided, information pertaining to UE-side beamforming/receiving procedure used for data reception can be indicated through QCL to UE

· FFS: Information other than QCL

· FFS: When beam-related indication is provided, information pertaining to the Tx beam used for data transmission is indicated to UE 

· 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
· Beam management overhead and latency are to be considered during the CSI-RS design for NR beam management, considering the following possible candidate solutions:

· Opt1. IFDMA

· Opt2. Larger subcarrier spacing

· Other solutions are not precluded

· FFS: whether the above structure should be utilized for P-1 and/or P-2 and/or P-3.
In this paper, we provide our views on overhead reduction for beam management, including resources consumed for both beam measurement and reporting. 
2 Beam measurement
To deal with UE movement, rotation and blockage, P-1/P-2/P-3/U-1/U-2/U-3 procedures can be applied for gNB and UE to adjust the Tx/Rx beam(s). As expected, the most efficient way to reduce overhead for the associated CSI-RS/SRS transmission is to reduce the number of candidate beams to be measured. 
2.1 Local area search
Note that spatial consistency has been observed and modeled for at least above 6 GHz [4]. With spatial consistency, the beams which can potentially provide better signal reception are likely to be around the current serving beam in the spatial domain. Such correlation can be explored when selecting the beams to be measured. This approach is referred to as local area search, which is illustrated in Figure 1. Such approah can be considered as baseline for evaluating the beam tracking performance, and should also be taken into account when selecting the max number of symbols for CSI-RS transmission. 
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Figure 1. Local area search around the current serving beam
Proposal 1: Support exploring spatial consistency for beam measurement (e.g., by searching local area around the current serving beam) and take such methods into account in the evaluation and design of beam management.
2.2 A priori information
When cross-frequency channel reciprocity holds, a priori information from another carrier would be helpful. For example, when below and above 6 GHz transceivers are co-located at both gNB and UE, a UE can first synchronize to below 6 GHz. When the UE tries to synchronize to above 6 GHz, the number of UE Rx beams to be measured can be reduced by first trying its Rx beams for below 6 GHz. In another case, for non-standalone operation, with beam-related feedback from a UE at below 6 GHz, when the above 6 GHz band is requested to transmit synchronization signal for this UE, the number of beams to be swept can also be reduced by exploring the gNB Tx beams used for below 6 GHz. 
Furthermore, since the SS blocks are always-on and the associated beams are expected to cover the whole cell, it would be beneficial for UEs to monitor such beams and provide feedback. In addition, the arrangement of SS beams in the spatial domain (e.g., which SS beams are in adjacent, or, the current serving beam is within which SS beam) can be indicated to UE. With such information, as shown in Figure 2, a UE can measure the SS block wide beams in adjacent to the current serving beam b, i.e., beam (1~3, 5~7, 9~11), with the same Rx beam used for beam b reception. If UE finds beam 6 and 10 are the best two beams and feeds back to gNB, gNB can infer that this UE lies in the middle of beam 6 and 10, and can configure to scan only beam a~f to reduce the overhead of CSI-RS transmission. 
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Figure 2. Exploring SS block beams to improve efficiency
Proposal 2: Support mechanism(s) to obtain a priori information to help reducing the overhead of beam measurement
· E.g., exploiting assistance information from another carrier (e.g.,  Tx/Rx beam on that carrier)
· E.g., exploiting the relationship with always-on beams (e.g., beams for SS blocks) 
3 Beam-related feedback
With beam grouping, beams in the same group may share similar values for certain parameters (e.g., RSRP), and the overhead of beam-related feedback can be reduced by exploiting this fact. For example, reporting only the average value of a certain parameter for one beam group, or, using differential feedback for the beams in the same group, can help to reduce the feedback overhead without losing accuracy. 
Proposal 3: Support mechanisms to reduce overhead of beam-related feedback
· E.g., feed back the average value of a certain parameter in the same beam group

· E.g., use differential feedback for the beams in the same group

4 Summary
The observation and proposals in this paper are summarized as follows.
Proposal 1: Support exploring spatial consistency for beam measurement (e.g., by searching local areas around the current serving beam) and take such methods into account in the evaluation and design of beam management.
Proposal 2: Support mechanism(s) to obtain a priori information to help reducing the overhead of beam measurement
· E.g., exploiting assistance information from another carrier (e.g.,  Tx/Rx beam on that carrier)

· E.g., exploiting the relationship with always-on beams (e.g., beams for SS blocks) 
Proposal 3: Support mechanisms to reduce overhead of beam-related feedback
· E.g., feed back the average value of a certain parameter in the same beam group

· E.g., use differential feedback for the beams in the same group
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