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1 Introduction

In RAN1#86bis and RAN1#87, the following were agreed [1], [2]
· 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

In this contribution, we discuss and provide our views on the beam-related indication to UE for assisting UE-side beamforming and feedback, to reduce the overhead for UE beam tracking. 
2 Discussion on the DL Beam Tracking
2.1 Local Area Search
Due to UE movement, rotation and mobility, P-2 and P-3 procedures could be applied to track the UE. Specifically, TRP and UE adjust the Tx/Rx beam(s) for better beam alignment. If there are no aprior information at TRP and UE, blind beam pair link search is required as in the initial access phase. However, after the initial access, the new beam pair link adjustment could be based on the current severing beams. Specifically, the channel variations given UE mobility is as follows [3]:
· departure angles  (
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 are some constant related to UE mobility, angle information at time 
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. It can be observed that the angel variaions are highly correlated with the current angel information. The candidate beams for P-2 and P-3 procedure could be restrict to the local areas around current servering beam as illustrated in Figure 1, where the overhead will be largely reduced.
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Figure 1. Reduced search area based on current severing beam
Observation 1: Overhead of beam management procedures P-2 and P-3 could be reduced by exploring the information from current serving beams, e.g., searching local areas around current servering beam.
2.2 Beam Tracking with a priori Information
Note that if some additional a priori information is available at gNB and/or UE, the overhead for beam management procedures could also be reduced. 
If spatial reciprocity holds for different carriers, where the paths are similar or same, the angle or beam information is helpful for another carrier. For example, UE could synchronizes with the below 6GHz system with massive antennas first. The spatial information at gNB side could be estimated and fed back by UE. gNB could reduce the candidate beams for searching for this UE at above 6GHz band with such aprioir information. UE could also reduce the candidate beams for searching for BS based on the spatial information estimated from below 6GHz band. It is helpful for the initial beam acquisition procedure P-1 and also the later beam adjustment procedures P-2 and P-3.
Furthermore, since the SS block beams are always on and will cover the whole cell range, it will be very helpful for gNB to track the movement of UE, and for UE to know the relative movement w.r.t severing TRP. Such information could be used to reduce the overhead of beam management procedures. As illustrated in Figure 2, UE measures the SS block wide beam in local area of beam b (1~3,5~7,9~11) with the same rx beam used for beam b reception. If UE finds beam 6 and 10 is the best two beams and feeds back to gNB, then gNB could find that UE lies in the middle of beam 6 and 10. Then gNB could choose to scan only beam a~f which lies between beam 6 and 10 to reduce the overhead. Such beam information (1~3, 5~7, 9~11) could be considered as a beam group, where the indication of the group could be based on some beam related indication, e.g., QCL, and the details are FFS. 
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Figure 2. Exploring SS block beams to improve efficiency
Proposal 1: NR supports mechanisms to obtain a priori information to maximize efficiency of beam management procedures P-1/2/3 
· E.g., exploring information from other carriers ( e.g.,  beam information )
· E.g., exploring always-on beams (e.g., SS block beams) 
3 Conclusion

In this contribution, we discuss and provide our views on the beam-related indication to UE for assisting UE-side beamforming and feedback, to reduce the overhead for UE beam tracking. Based on these discussions, we have the following observation and proposal:

Observation 1: Overhead of beam management procedures P-2 and P-3 could be reduced by exploring the information from current serving beams, e.g., searching local areas around current severing beam.
Proposal 1: NR supports mechanisms to obtain a priori information to maximize efficiency of beam management procedures P-1/2/3 

· E.g., exploring information from other carriers ( e.g.,  beam information )

· E.g., exploring always-on beams (e.g., SS block beams) 
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