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1	Introduction
Beam management as well as measurements and trigger events for beam management for NR are discussed.
2	Beam management
There are different levels of beam related procedures in NR. 
Mobility management in LTE as well as in NR between gNB sectors can be seen as a beam related procedure or sector management. It is based on RRM measurements which the network configured for the UE. In NR, UE measures RSRP/RSRQ from SS-blocks and CSI-RS and reports the measurements when a configured measurement event triggers. Mobility between sectors is handled by RRC (HO) signalling.
Beam selection for PDSCH transmission is based on instantaneous CSI measurements provided by the UE. Thus the beam selection for PDSCH beams is part of DL scheduling where DCI sent on PDCCH indicates the Tx beam used for PDSCH transmission together with other parameters such as modulation and coding, MIMO, etc., The PDSCH beam can be changed very fast, basically in every DL assignment given in DCI. PDSCH beam can be the same as the PDCCH beam but it may also be different.
Observation 1: PDSCH beam selection is part of scheduling and is based on CSI measurements and indicated on DCI.
The above two procedures are used already in LTE.
The third beam related procedure needed in NR is the PDCCH beam management. Network maintains the connection to the UE by managing DL beam(s) that the UE should monitor to receive PDCCH transmissions. Since a UE in connected mode should be able to receive PDCCH any time, the PDCCH beam management has to be robust (more robust than PDSCH beam selection based on instantaneous CSI measurements). Therefore, the PDCCH beam management is based on filtered beam level RSRP/RSRQ measurements from CSI-RS (or SS-blocks). According to our understanding the NR beam management or the mobility without RRC involvement is about management of PDCCH beams.
Observation 2: NR beam management is PDCCH beam management.
Beam level mobility in a serving cell is called ‘Beam Management’. The aim of the beam management or beam management procedure is to maintain connectivity between UE and a serving cell during mobility and radio environment change. Also, an additional aspect is to provide scheduling flexibility for the network in order to maximize the utilization of radio resources. 
Figure 1 illustrates a scenario where UE is under the coverage of multiple gNB beams of a cell. Unless otherwise stated we assume beam correspondence between DL and UL beams, i.e., a ‘beam’ covers both downlink and uplink directions; or TX and RX directions, respectively. A candidate beam is a beam which could potentially be used for communication on downlink and uplink direction. Determining how to select candidate beams out of detected beams (beams that are ‘seen’ by the UE), is for further study. A serving beam (or beams) is a PDCCH beam which is currently used for transmitting information for a given UE.


Figure 1: Illustration of a scenario where UE sees multiple beams
As the set of candidate beams may change over the course of time in a cell, sometimes rapidly, efficient and fast signalling methods are needed for beam management. When UE is in the coverage of the serving cell but is served by using different beams or set of beams on different time instances, it is expected that L2 user plane configuration would not be impacted by the change of a serving beam. Thus, RRC signalling is not needed for beam management. Furthermore, involving RRC signalling to react always on these rapid changes could become quite costly and involve unnecessary signalling overhead as the ‘to and from’ messages are required even though the communication link was maintained.
Observation 3: As agree by RAN1, Beam Management is L1/L2 procedures/techniques that have minimum impact on RRC level signalling (except configuration). 
As discussed above, RRC signalling would be too slow and would cause too much overhead for beam management. On the other hand, L1 UL signalling is typically either periodic or under network control (UL grants), i.e., not triggered by the UE. Therefore, MAC level control suits best for the beam management. Beam level measurements should be carried out at MAC layer, UE triggered beam management events should be defined for MAC and MAC Control Elements can be used for beam management. These are discussed more in the subsequent sections.
Proposal 1: MAC level beam management with beam level measurements and UE triggered beam management events are specified for NR.
3	Measurements for Beam Management
Triggering of UE initiated beam management actions should be based on beam specific L1 measurements and network controlled (higher layer) filtering. L1 provides per beam measurements to higher layer, which applies further filtering of the measurement results. One potential way could be to apply similar filtering as L3 filtering in LTE. Based on the filtered measurements UE would determine whether a specific criterion is fulfilled for a beam management action: e.g. trigger beam reporting. 
Benefits of applying 2 levels of filtering when determining beam management actions, is to avoid too quick/slow reaction to beam specific signal level changes. Typically, L1 measurements are fixed in the specification in a manner that L1 performs measurements according to required accuracy by collecting a minimum number of samples to form ‘L1 measurement’. Higher layer filtering should be configurable by the network and can take into account also beam specific Time-to-Trigger to determine if a criterion for beam management is fulfilled. The condition has to be valid for the duration of Time-to-trigger before a criterion is considered to be fulfilled.  The network controlled filtering for beam management can be the same filtering as used for beam level filter results for RRC measurement reports.


Figure 2: Measurement Model for Beam Management
Proposal 2: Define beam level L1 measurements and network controlled filtering of beam measurements for NR beam management.
Proposal 3: The same beam level filter results that were agreed for RRC measurement reports can be used for beam management.

4	Events for L2 Beam Management
For beam management, UE measures UE specific CSI-RS signals (CSI-RS for beam management). Based on UE reports of beam indices/port identifiers, UE is allocated one or more PDCCH beams. PDCCH beams are used for DCI reception. Other reported beams may be used for data communication when indicated by DCI. 
In a similar manner as there are mobility events defined at L3 for comparing neighboring cells to serving cells, it would be useful to define beam management events for comparing PDCCH beam(s) to other detected beams. A useful event could be similar to A3: “A beam not allocated for PDCCH reception becomes an offset better than current PDCCH beam or any of the beams allocated for PDCCH reception”. Similar to mobility events, when this condition applies for the duration of configured Time-to-Trigger for beam events, the criteria is considered to be fulfilled. Once the event criteria are fulfilled, MAC layer should trigger the corresponding action: e.g., trigger a beam measurement report MAC CE.
Proposal 4: Define beam measurement based MAC level beam management events for NR beam management.
The beam management events should be based on UE specific CSI-RS (and SS-blocks) and following events could be defined:
Beam management event BM1 (beam becomes better than threshold)
Beam management evet BM2 (beam becomes offset better than reference beam)
5	Conclusions
Beam management as well as measurements and trigger events for beam management for NR were discussed and following observations and proposals made:
Observation 1: PDSCH beam selection is part of scheduling and based on CSI measurements and indicated on DCI.
Observation 2: NR beam management is PDCCH beam management.
Observation 3: As agree by RAN1, Beam Management is L1/L2 procedures/techniques that have minimum impact on RRC level signalling (except configuration). 
Proposal 1: MAC level beam management with beam level measurements and UE triggered beam management events are specified for NR.
Proposal 2: Define beam level L1 measurements and network controlled filtering of beam measurements for NR beam management.
Proposal 3: The same beam level filter results that were agreed for RRC measurement reports can be used for beam management.
Proposal 4: Define beam measurement based MAC level beam management events for NR beam management.
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