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1 Introduction

In RAN1#86, RAN1 discussed [1] and the following agreement is captured to define and study beam related procedures. 

	RAN1 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].
	RAN1 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:
	RAN1 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:

o
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


o
Other cases are not precluded


In this contribution, we suggest to discuss the multi-beam based DL beam management operations, and further discuss on the RAN2 issues.
2 Downlink Beam Management Operations
Based on the RAN1 agreements from [2], multiple beams can be used for covering a DL coverage area of a set of TRP(s).  Moreover, those beams can be used to transmit/receive a signal (or a channel) by sweeping multiple beams on multiple time instances in finite time duration. 
However, transmission/reception of every signal using full beam sweeping is inefficient and waste of resource. For efficient use of multi-beam, discussion on beam management procedures to select certain beam(s) for data signal transmission/reception have been started in RAN1 and regarding terminologies are agreed in [1].

With the beam management procedures, NR TRP(s) and a UE would be able to distinguish and select beam(s) for signal transmission/ reception. The beam management procedures consisting of beam sweeping, measurement, reporting, determination, and change procedures, and it should be designed considering various beam change use-cases as in [3].

2.1 Downlink Beam Measurement
According to RAN1 agreement [2] and terminology [4], DL beam measurement is for UE to measure characteristics of received beamformed signals from TRP(s). Hence, in order for UE to measure and compare the quality of beamformed signals, there should be distinguishable signals among different beams. A TRP can transmit the beam-specific signals using Tx beam sweeping, while the UE receives such signals using Rx beam sweeping, as shown in Figure 1. Then, the UE can measure the quality of channel(s) between TRP Tx beam(s) and UE Rx beam(s). In the beam-specific signal, there could be some ID to distinguish and identify the different beams among TRP(s) and UE.
Note that the detailed beam specific signal design is RAN1 issue, and whether it is UE specific RS or non-UE specific RS is FFS. 

[image: image1]
· Figure 1. An example of a DL reference signal transmission/reception 
using Tx/Rx beam sweeping, for DL beam measurement.
Proposal 1: There should be DL beam-specific reference signals for DL beam measurement. 

In order for UE to measure beam specific signals and compose beam specific QoS information for beam reporting, detailed beam measurement procedure for beam management should be designed in RAN2. Compared to RRM measurement, beam measurement should have sufficiently short periodicity with proper filtering to track the available beams. 
As an example, we can consider the following beam measurement model for beam management, as in Figure 2. 

· The beam measurement model uses the same beam measurement sample (A) for both RRM measurement and beam measurement. 
· The beam measurement model adopts only Layer 1 filtering 
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· Figure 2: Measurement models for RRM and Beam Tracking in multi-beam based NR
The RRM measurement model adopted in LTE seems to be very general so that it is also applicable to 5G with some modification [5][6]. Details of beam based RRM measurement for cell level mobility is considered in [7]. 
	· A: Measurements (samples) internal to the physical layer.

· Layer 1 filtering: Internal layer 1 filtering of the inputs measured at point A. Exact filtering is implementation dependent.

· B: A measurement reported by layer 1 to layer 3 after layer 1 filtering.

· Layer 3 filtering: Filtering performed on the measurements provided at point B.

· C: A measurement after processing in the layer 3. This measurement is used as input for one or more evaluation of reporting criteria.

· Evaluation of reporting criteria: This checks whether actual measurement reporting is necessary at point D.

· D: RRM measurement report information (message) sent on the radio interface.


The above example of beam measurement model utilizes L1 filtering output for faster beam tracking as:
· B’: Beam measurement information (message) sent on the radio interface.

With the measured beam information, the UE can be able to measure and compose beam specific QoS information for beam reporting. 
Proposal 2: RAN2 should define the DL beam measurement procedure for beam management, which may be different with RRM measurement.
2.2 Uplink Beam Reporting
After beam measurement, a UE can report the measured beam information based on the beam reporting procedure. Without this beam reporting, network cannot know the DL beam qualities of a UE. 
Considering a UE which is already connected and there is beam(s) currently using for communication with network. Then, if this UE finds a new (better) beam(s) during DL beam measurement, it needs to be reported to the network. In order to report such beam measurement information, the UE can use an uplink scheduled resource. Naturally, this uplink resource could be scheduled by network using the current known using beam(s), since the network is still not aware of the new (better) beam(s). 
Figure 3 shows an example of such scheduling based beam reporting procedure using the current using beam(s).

[image: image3]
· Figure 3. An example of a UE beam reporting on the scheduled beam(s)
Since the beam reporting procedure is RAN1 responsibility, if there is any request from RAN1 or necessity of RAN2 involvement, then RAN2 can study the beam reporting procedure.
Observation 1: Beam reporting is mainly RAN1 responsibility. 
2.3 Downlink Beam determination
Based on the reported information, network can compare and select which beam(s) to be used for communication with the UE. 
Since the network is the resource scheduling entity, network may notify the UE of when the TRP’s scheduling beam(s) will be changed to which beam(s), for the UE to adjust its Rx beam(s) appropriately for the changed beam(s). Therefore, if there is possibility of UE behavior change related with beam switching, the network should inform the UE of changing beam information. Hence, we should study the procedure of beam switching. 

2.4 Beam Switching
Beam switching is required to track and change the appropriate beam(s) among all the beams under TRP(s). If there is better beam(s) compared with the currently using beam(s), the currently using beam(s) of a specific UE should be changed to the better beam(s). And if there is possibility of UE behavior change, the beam switching information should be shared with the UE. 
Figure 4 shows one possible example of beam switching, where the network and UE change their Tx/Rx beams at the same time.

[image: image4]
· Figure 4. An example of a beam switching procedure
Since the beam switching procedure is RAN1 responsibility, if there is any request from RAN1 or necessity of RAN2 involvement, then RAN2 can study the beam reporting procedure.
Observation 2: Beam switching is mainly RAN1 responsibility. 
For beam reporting, beam determination, and beam switching, network and UE should be able to distinguish different beams with the same identification. Therefore, unique beam identification is required and it should be shared at least within the cell. 
Proposal 3: RAN2 can assume beam ID is unique within the cell for beam reporting and switching.
2.5 Beam Recovery
In this section, we would like to discuss a special case which may occur frequently due to the beamforming aspects of the multi-beam based system. 

Like LTE handover procedure, in order to change the current using beam(s) into the new beam(s), dedicated data channel could be used over the current using beam. Nevertheless, there can be a sudden beam quality drop due to sudden channel fluctuations, unexpected obstacle interruptions, and/or UE mobility.

Eventually, the current using beam(s) may become unavailable even for beam reporting and change. However, there may be an alternative beam which has enough channel quality to maintain connectivity. 

If there is a way of sharing this alternative beam information from UE to network, the UE can be able to maintain connectivity, by overcoming the sudden beam quality drop. Otherwise, the UE will go through long radio link failure (RLF) procedure, until the connection is re-established. 
Therefore, it is essential for RAN2 to understand the need of UE initiated beam recovery procedure, and design it. Figure 5 shows an example of UE initiated beam recovery. 

[image: image5]
· Figure 3. An example of a UE initiated beam recovery procedure
Since this beam recovery procedure is related with beam measurement, UE trigger events, and UE initiated Uplink transmission, we propose RAN2 to study such beam recovery procedure, for TRP(s) or UE to change its own Tx/Rx beam(s) to alternative (feasible) beam(s) based on beam measurement, when connectivity between TRP(s) and UE is not available from network and UE perspective. 
Proposal 4: RAN2 should study the UE initiated beam recovery procedure. 

3 Conclusion

This contribution discusses the basic operation of multi-beam based NR system, with the required considerations. In order to make progress on beam based mobility in NR, we request RAN2 to discuss the following observations and proposals. 
Observation 1: Beam reporting is mainly RAN1 responsibility. 
Observation 2: Beam switching is mainly RAN1 responsibility. 
Proposal 1: There should be DL beam-specific reference signals for DL beam measurement. 

Proposal 2: RAN2 should define the DL beam measurement procedure for beam management, which may be different with RRM measurement.
Proposal 3: RAN2 can assume beam ID is unique within the cell for beam reporting and switching.
Proposal 4: RAN2 should study the UE initiated beam recovery procedure. 
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