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1. Introduction
In RAN1 86, beam procedures 1/2/3 were defined to select/change TRP Tx beam(s)/UE Rx beam(s) as followings [1][2]. 
Agreements:
· The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:

· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)

· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams

· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams

· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially

· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)

· From  a possibly smaller set of beams for beam refinement than in P-1

· Note: P-2 can be a special case of P-1

· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming

· Strive for the same procedure design for Intra-TRP and inter-TRP beam management

· Note: UE may not know whether it is intra-TRP or inter TRP beam 

· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously

· Note: Procedures P-3 may or may not have physical layer procedure spec. impact

· Support managing multiple Tx/Rx beam pairs for a UE

· Note: Assistance information from another carrier can be studied in beam management procedures

· Note that above procedure can be applied to any frequency band

· Note that above procedure can be used in single/multiple beam(s) per TRP 

· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item

Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission

Based on the agreements, in this contribution, we provide LGE’s view on NR beam management.
2. DL beam management
· Beam procedure
Since UE movement/rotation or blockage can make currently selected TRP Tx beam and/or UE Rx beam unavailable, it would be safer way to provide means to track the beams more or less periodically due to the hardly predictable nature of wireless channel. In this regard, periodic beam procedure seems to be needed to address this issue. 
Meanwhile, for a traffic offloading, a UE is taken instruction to change its serving TRP beam, which is illustrated in Figure 1. To support this, UE would need to scan neighbour TRP’s beams, which can be performed aperiodically.
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Figure 1 Traffic Off-loading
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Figure 2 Inter-TRP interference management
Also, aperiodic beam procedure may be needed for inter-TRP beam coordination. Figure 2 illustrates a scenario that a UE serviced by 2nd beam from TRP A suffers from interference from 1st beam from TRP B. In this case, a UE may need to change its beam from 2nd Rx beam to 1st Rx beam to minimize interference from neighbour TRP’s beams. To the end, TRP can indicate UE to measure neighbour TRP’s Tx beams with possible UE Rx beams and report measured beam information. 
From above observations, both periodic and aperiodic beam procedure seems to be necessary. Note that it does not mean both periodic and aperiodic RS is needed. This is because traffic offloading and inter-TRP interference management can be supported through periodic RS defined in each TRP.
Proposal 1: Both periodic and aperiodic beam procedure can be considered.
Observation 1: Aperiodic beam procedure can be operated based on periodic RS per TRP.
With regard to aperiodic beam procedure, both UE triggering based and network triggering based mechanism can be considered. If there is UE rotation/movement or blockage, received signal power can be rapidly reduced. In this case, a UE can recognize the received power reduction through periodic beam measurement in advance of TRP. In this case, UE should be allowed to trigger beam related reporting to change preferred TRP beam within the period. On the other hand, for traffic offloading or inter-TRP interference management, TRP can also trigger aperiodic beam procedure to UE as described above. 
Proposal 2: For aperiodic beam procedure, both UE triggering based beam reporting and network triggering based beam reporting can be considered.
· RS for beam management 
DL RS for beam measurement needs to be supported in NR. New RS can be design for this purpose or CSI-RS can also be another candidate. In our view, it would be beneficial to design CSI-RS and beam measurement RS (BMRS) separately because design target of the two are quite different. Received power comparison based port selection is sufficient for beam selection whereas CSI calculation requires MIMO channel estimation based CQI calculation where at least one MIMO precoding hypothesis is required. Also, required CSI-RS density can have a dependency on MCS granularity and codebook size which have no impact on BMRS density. Moreover, repetition of BMRS is needed to support UE to measure the same TRP Tx beam with different UE Rx beams. In this regard, repetition within a symbol can be helpful to support efficient UE beam selection/change. However, CSI-RS is designed to support digital MIMO, and therefore, it would not support repetition within a symbol. Further investigation is needed whether we need to design more than one RS for beam management, e.g. for P1/P2/P3.
Proposal 3: At least one RS (BMRS) should be designed separately with CSI-RS to support beam measurement. 
In above 6GHz NR, beamformed DL synchronization signal can be considered, where the signal would be transmitted periodically by sweeping the beams. In this case, BMRS for periodic beam measurement can be multiplexed with the DL synchronization signal, and then, a UE can periodically measure TRP Tx beams using the BMRS. In this way, periodic beam measurement can be performed without separate OFDM symbol allocation. 
Observation 2: BMRS for periodic beam measurement can be multiplexed with the DL synchronization signal on the same symbol.
As described above, periodic and aperiodic beam procedure can be performed based on periodic BMRS. Meanwhile, aperiodic BMRS for aperiodic beam procedure could also be considered. This would be needed only when TRP should provide beam measurement RS to UE within the period. Thus, whether it is needed or not has a dependency on the design of periodic BMRS.  
Proposal 4: Design periodic BMRS first, then consider aperiodic BMRS including its necessity.
3. UL beam management
In this section, we provide our views on the UL beam management. Channel reciprocity assumption is very important to design UL beam management. If full channel reciprocity holds, UL beam management may not be necessary because DL beam, i.e. TRP Tx beam and UE Rx beam, can be set as UL beam, i.e. TRP Rx beam and UE Tx beam with no change. However, channel reciprocity is not always guaranteed due to antenna configuration mismatch, radio channel variation, and UE rotation as observed in our companion contribution [3]. Thus, UL beam management procedures would be needed for NR for non/partial channel reciprocity. 
 Both periodic and aperiodic UL beam procedures can also be considered. First, periodic UL beam procedure would require periodic transmission of UE-specific UL RS which incurs too much burden when many users are served at the same time. Thus, periodic UL beam procedure is not preferable. Aperiodic UL beam procedure seems to be sufficient especially when we consider partial reciprocity assumption. Aperiodic UL beam procedure can be utilized in order to refine UL beam from a set of candidate beams where the set is determined by the preferred DL beam. Both UE triggered mechanism and network triggered mechanism can be considered for UL as well.
Proposal 5: Aperiodic UL beam procedure can be considered for partial/non-reciprocity conditions.
4. Multi-beam management
Figure 3 shows that UE D can be serviced by 2nd TRP beam, while UE C can be serviced by 1st or 2nd TRP beams. In this case, if UE C reports both 1st and 2nd beams as preferred beams, the TRP can simultaneously support both C and D UEs using single analog beam, which is the 1st beam. Also, in Figure 4, if a UE reports 1st and 2nd beams of TRP A, and 1st beam of TRP B as preferred beams, following intra/inter-TRP beam coordination can be possible:

1 TRP A and B simultaneously support the UE with 2nd beam of TRP A and 1st beam of TRP B. 

2 TRP A supports the UE with 1st beam to avoid the interference from 1st beam of TRP B. 

3 TRP A supports the UE with 2nd beam, but TRP B does not use 1st beam at the same time.  

4 TRP B supports the UE with 1st beam, but TRP A does not use 2nd beam at the same time.  

From above observations, if a UE reports more than one preferred beam, beam can be managed much more flexibly.  

Proposal 6:  Reporting of more than one preferred beam should be considered. 
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Figure 3 Intra-beam coordination
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Figure 4 Inter-beam coordination
5. Conclusion
This contribution discussed beam management for NR. Following observations and proposals are given, based on the discussion:
Observation 1: Aperiodic beam procedure can be operated based on periodic RS per TRP.
Observation 2: BMRS for periodic beam measurement can be multiplexed with the DL synchronization signal on the same symbol.
Proposal 1: Both periodic and aperiodic beam procedure can be considered.

Proposal 2: For aperiodic beam procedure, both UE triggering based beam reporting and network triggering based beam reporting can be considered.
Proposal 3: At least one RS (BMRS) should be designed separately with CSI-RS to support beam measurement. 

Proposal 4: Design periodic BMRS first, then consider aperiodic BMRS including its necessity.
Proposal 5: Aperiodic UL beam procedure can be considered for partial/non-reciprocity conditions.

Proposal 6:  Reporting of more than one preferred beam should be considered. 
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