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Introduction
In RAN1#86, the following agreement is captured to define and study beam related procedures, in [1]. 
Agreements:
· Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects:
· Beam determination= for TRP(s) or UE to select of its own Tx/Rx beam(s). 
· Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals
· Beam reporting = for UE to report information of beamformed signal(s) based on beam measurement
· Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.


During RAN1#86, RAN1 also discussed and agreed on the following DL beam management procedures [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




Regarding use cases of beamforming procedures, RAN1 discussed [3] and captured the following agreements during RAN1#85:
Agreements:
· Both intra-TRP and inter-TRP beamforming procedures are considered.
· Beamforming procedures are considered with/without TRP beamforming/beam sweeping and with/without UE beamforming/beam sweeping, according to the following potential use cases:
· UE movement, UE rotation, beam blocking:
· Change of beam at TRP, same beam at UE
· Same beam at TRP, change of beam at UE
· Change of beam at TRP, change of beam at UE
· Other cases are not precluded 

In RAN1#86bis, the following agreement is captured to support beam reporting [4]. 
Agreements:
· 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 RAN1#86bis, the following agreement is captured to support network triggered aperiodic beam reporting [5]. 
Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed

In millimetre wave systems, the beam-formed transmission has been considered one of basic principles to overcome severe path loss. For a beam-formed transmission, beam management between gNB and UE should be necessary for a reliable transmission and reception. In this contribution, we suggest to discuss beam switching mechanism. 
Beam switching
In multi-beam systems, a beam determination based on beam measurement/report is performed to maximize the directional antenna gain. After beam determination, a reliable transmission and reception is supported between TRP(s) and UE. However, if the channel between TRP(s) and UE is changed due to the channel fluctuation and UE rotation/mobility, etc., the received beam quality may be decreased. Conversely, the received beam quality from another beam pair becomes better than the current beam pair. In this case, TRP(s) and UE need to change from the current beam pair to better beam pair. 
Additionally, TRP(s) or UE may need to switch its own beam according gNB’s scheduling policy. For example, TRP(s) cannot support all direction for receiving UL small data packets from multiple UEs due to the limited number of antenna ports. In this case, one of solutions may be to use a common TRP(s)’ beam for receiving UL data packets from multiple UEs even if the common TRP(s)’ beam is not the best one for some UEs. 
Therefore, TRP(s) and UE should be able to track and switch the beam accordingly to maintain reliable transmission/reception and to support beam scheduling flexibility. 
Proposal 1: Beam switching definition should be added like below : 

· Beam switching = for NW to inform UE of the change of TRP Tx beam based on beam reporting. 
NW triggered beam switching mechanism 
One of main purposes for beam switching is to maintain a link quality between TRP and UE against channel fluctuation and UE rotation/mobility, etc. In addition, as mentioned in Section 2, TRP(s) or UE may need to switch its own beam according gNB’s scheduling policy. To support various beam management scenarios, e.g. multiple TRP operation etc., NW triggered beam switching mechanism should be considered for multi-beam based NR systems. To support this beam switching mechanism, beam switch triggering signal may include beam related indication to inform UE which TRP beam can be used. DCI and/or MAC-CE may be possible alternatives used for providing beam switch triggering and beam related indication. Figure 2 shows an example of NW triggered beam switching based on MAC-CE. 



 Figure 1. NW triggered beam switching based on MAC-CE

In Fig. 2, gNB may trigger beam switching via sending beam related indication. After receiving ACK from UE, gNB and UE can change TRP and UE beam at a specific timing. Since MAC-CE based beam switching mechanism should be performed with HARQ, beam switching latency may be relatively increased. 

Figure 3 shows an example of NW triggered beam switching based on DCI. In case of UL DCI, gNB can beam switching request via UL DCI. The UL DCI should include the beam related indication to inform UE which TRP beam can be used. The TRP/UE beam can be changed at a specific timing. In this example, TRP/UE beams are switched at a specific UL control or data transmission. The identical mechanism is described in a DL DCI based example in Fig. 3. 



 Figure 2. NW triggered beam switching based on DCI

DCI based approach may lead to reduce beam switching latency compared to MAC based approach. However, DCI may not be sufficient to contain the beam related indication bits 

Proposal 2: NW triggered beam switching mechanism should be studied considering at least following aspects:
· MAC-CE based approaches
· DCI based approaches
· Other possible approaches based on NW triggering

Beam reporting based fast beam switching mechanism 
Main purpose for beam switching is to maintain a link quality between TRP and UE against channel fluctuation and UE rotation/mobility, etc. If UE mobility is very high or channel fluctuation is very fast, NW triggered beam switching may be not suitable to change TRP and/or UE beam quickly due to delay caused by the necessary signalling as shown in Fig. 1 and 2.
For fast beam switching, a proper time to determine beam change may be the beam report timing because gNB can update the current link quality and obtain the latest beam related information from UE. To support fast beam tracking and switching in multi-beam based system, beam reporting based fast beam switching can be considered for NR systems. Figure 3 shows an overall fast beam switching procedure based on beam reporting. 



 Figure 3. Beam reporting based fast beam switching

In Fig. 3, the beam switching determination is performed based on a criterion configured by gNB. For example, whenever the current beam based link quality becomes less than a specific threshold and there are alternative beams obtained from recent beam reporting of UE, gNB and UE can autonomously change TRP and UE beam at a specific timing. If the current beam based link quality is higher than a specific threshold, gNB and UE maintain the current beams. 
Although NW can configure the criterion for beam switching determination, it may be necessary for NW to control this beam switching mechanism. In this case, on/off indication for this beam switching may be included in beam reporting request in Fig. 3. If beam reporting request in Fig. 3 indicates the beam switching off, there is no beam switching regardless of the current beam quality and/or reported beam related information. 

Proposal 3: Beam reporting based fast beam switching mechanism should be studied considering at least following aspects:
· Configurable beam switching indication mechanism 
· Criterion for beam switching determination 
· Other possible approaches to support fast beam switching


Conclusions

The proposals in this contribution are summarized below:
Proposal 1: Beam switching definition should be added like below : 

· Beam switching = for NW to inform UE of the change of TRP Tx beam based on beam reporting. 
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Proposal 2: NW triggered beam switching mechanism should be studied considering at least following aspects:
· MAC-CE based approaches
· DCI based approaches
· Other possible approaches based on NW triggering

Proposal 3: Beam reporting based fast beam switching mechanism should be studied considering at least following aspects:
· Configurable beam switching indication mechanism 
· Criterion for beam switching determination 
· Other possible approaches to support fast beam switching
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