[bookmark: OLE_LINK23][bookmark: _Ref494215420]3GPP TSG RAN WG1 #116 	                                       	 R1-2400049
Athens, Greece, February 26th – March 1st, 2024
Agenda Item:     9.2.1
Source:	Spreadtrum Communications
Title:	             Discussion on UE-initiated/event-driven beam management
Document for:	Discussion and decision

Introduction
The 3GPP Rel-19 NR MIMO Phase 5 WID [1] includes the objectives as follows. In this contribution, we will share our views on the issue for UE-initiated/event-driven beam management including UL signaling content(s) and UL signaling medium/container, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management.
	1. Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
0. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
0. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting



Discussion on event definition
In legacy spec, the beam management procedures are controlled by network, i.e. the beam report and the associated SSB/CSI-RS resources are configured and the best beams/beam pairs are reported in non-group based beam report/group based beam report by UE for data/control transmission. However, the legacy procedure results in large signaling overhead due to the frequent measurement and report. If less frequent beam report is configured, the best beams in beam report may be outdated, leading to performance degradation.
In order to fully utilize the better and more-timely knowledge of beam quality changes at UE, the UE-initiated/event-driven beam management is introduced in Rel-19 to avoid the network configuration signaling overhead and beam update latency. To achieve this goal, the first thing is to define new events for the UE-initiated/event-driven beam management. Referring to the existing L3 event definition for cell measurement and interference measurement as follows, the similar events can be defined in L1/L2 for UE-initiated/event-driven beam management.
· Event A1 (Serving becomes better than threshold);
· Event A2 (Serving becomes worse than threshold);
· Event A3 (Neighbour becomes offset better than SpCell);
· Event A4 (Neighbour becomes better than threshold);
· Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2);
· Event A6 (Neighbour becomes offset better than SCell);
· Event I1 (Interference becomes higher than threshold).
The goal of this topic is to study the UE-initiated/event-driven beam management to facilitating fast beam switching, so the “Serving” and “Neighbour” in some L3 events mentioned above can be replaced with the current beam and new beam. For monitoring the current beam quality for fast beam management, the L3 event A1 does not need to be referenced. Thus, the following new events can be introduced, where each new event includes one or more conditions. It is worth noting that the number of current beams in these events can be partial monitored beams to distinguish the new event from beam failure event in legacy spec. The new beam can be used for partial current beams switch.
· New event 1: Anyone current beam becomes worse than threshold.
· New event 2: New beam becomes better than threshold.
· New event 3: Condition 1 and condition 2
· Condition 1: Anyone current beam becomes worse than threshold1.
· Condition 2: New beam becomes better than threshold2.
· New event 4: New beam becomes offset better than current beam.
· New event 5: Interference becomes higher than threshold.
For new event measurement, the design principle for beam failure detection in legacy spec can be reused. The SSB/CSI-RS resources can be configured to associate with the new event. The RS resources are used to measure the current beam quality, new beam quality or interference based on the configured event, where L1-RSRP or L1-SINR can be considered as the metric. For current beam measurement, the SSB/CSI-RS resource can be QCL-ed with or same as the source RS in the indicated unified TCI state. If an event occurs, UE can transmit UL signaling to report the event.
Proposal 1:
· Refer to the L3 events for cell measurement and define L1/L2 beam-level new events for UE-initiated/event-driven beam management as follows. 
· New event 1: Anyone current beam becomes worse than threshold.
· New event 2: New beam becomes better than threshold.
· New event 3: Condition 1 and condition 2
· Condition 1: Anyone current beam becomes worse than threshold1.
· Condition 2: New beam becomes better than threshold2.
· New event 4: New beam becomes offset better than current beam.
· New event 5: Interference becomes higher than threshold.
Proposal 2:
· For new event measurement, the design principle for beam failure detection in legacy spec can be reused.
· The SSB/CSI-RS resources can be configured to associate with the new event to measure current beam quality, new beam quality or interference based on the configured event.
· For current beam measurement, the SSB/CSI-RS resource can be QCL-ed with or same as the source RS in the indicated unified TCI state.
· L1-RSRP or L1-SINR can be considered as the metric.
For beam failure detection and recovery procedure in legacy spec, the physical layer in the UE assesses the radio link quality according to the BFD RSs. If beam failure instance indication has been received from lower layers, MAC entity will start or restart the beamFailureDetectionTimer and BFI_COUNTER increases by 1. If BFI_COUNTER >= beamFailureInstanceMaxCount, BFR procedure is triggered for this serving cell. 
Similar to BFR procedure, for the UE-initiated/event-driven beam management, new counter and new timer can be configured based on the new event definition. For example, the new event is configured to monitor one current beam quality. When the current beam quality is worse than threshold, the physical layer in the UE provides an indication to MAC layer, the new counter increases by 1 and new timer is restarted. When the new counter >=max count, the UL signaling triggering beam management is transmitted by the UE. 
Proposal 3:
· Introduce new counter(s) and new timer(s) based on the new event definition.

Discussion on UL signaling
For the UL resource carrying the UL signaling, there can be multiple designs, such as UCI, PRACH or MAC CE. If UCI is used for UL signaling transmission, more spec impacts need to be considered, e.g. UCI format design, signaling multiplexing and so on. If PRACH resource is used for the UL signaling transmission, the event that occurred can be indicated by the dedicated PRACH resources, while the suggested new beam can also be indicated through the association between the dedicated PRACH resource and the new beam RS. If the similar design for BFR procedure is reused for the UE-initiated/event-driven beam management, beam quality changes can be detected earlier and current beam can be updated as soon as possible. To avoid the workload of spec design, it is possible to consider reusing the principle of the UL resources of BFR procedure, i.e. MAC CE is used to accommodate the UL signaling and transmitted on the available UL-SCH resources for a new transmission. 
Proposal 4:
· Consider and down-select the UL resources carrying the UL signaling based on the new event definition and the UL signaling content(s), e.g. UCI, PRACH or MAC CE.
Based on event definition, if an event occurs, UE should transmit UL signaling for beam management. The UL signaling can contain an indication of the event that occurred, and the candidate beam suggested to gNB based on the UL signaling. For inter-cell case, similar to the beam report for ICBM, the reported RS with a PCI different from the PCI of the serving cell can be included in the UL signaling, which means inter-cell beam report or beam switch can be triggered. Similar to the Rel-16 SCell BFR, the cell index can also be reported together with the event indication for the gNB to know on which cell the event occurs. Additionally, to facilitating beam management configuration and procedure at gNB, the current beam(s) with quality changes that meet the event or condition can also be reported to the gNB, e.g. unavailable current beam. 
Proposal 5:
· For UE-initiated/event-driven beam, the UL signaling can contain the following information:
· an indication of the event that occurred
· suggested new beam from serving cell PCI or non-serving cell PCI 
· cell index on which the event occurs
· unavailable current beam
For the UE-initiated/event-driven beam management, the beam report can be triggered by the gNB after the UL signaling reception. In legacy spec the beam training scheme includes P2 procedure (repetition = off) and P3 procedure (repetition = on) for DL Tx beam update at the gNB or DL Rx beam update at the UE. Compared to the gNB, the UE is more aware of its mobile status, e.g. rotation or movement. Thus, the UE can estimate the possible causes of the beam quality change based on the mobile status and indicate the suggested beam training scheme (P2 or P3) to assist the gNB to trigger beam report accurately. For example, when the UE rotation causes the current beam quality degradation, the UE can suggest prioritizing P3 procedure to modify the DL Rx beam at the UE.
Proposal 6:
· The suggested beam training scheme, i.e. P2 (repetition=off) or P3(repetition=on), can be included in the UL signaling.
In Rel-17, the unified TCI framework for single TRP case is introduced to reduce signaling overhead. The unified TCI state type can be configured as joint or separate. For UE-initiated/event-driven beam management, the suggested TCI state type can be considered to be included in the UL signaling to assist the gNB for accurate TCI state type determination. Based on the UL signaling, the gNB can configure beam report only for DL beam update or for both DL and UL beam update. 
For example, for the TCI state type suggestion at the UE, when the measurement results meet the preset events by detecting DL RS associated with the new event at the UE, the UE can report the new DL beam that needs to be switched to. If the UE detects MPE event in the direction of the new DL beam due to the radiation of the UL signal to the human body, the UE can suggest using the separate TCI type in the UL signaling. At this time, only DL beam report or beam switch needs to be triggered by the gNB. 
Proposal 7:
· The suggested unified TCI state type (joint, separate) can be included in the UL signaling.
In Rel-19 MIMO WID, the scenario for UE-initiated/event-driven beam management mainly is the sTRP with intra- and inter-cell beam management. To ensure the reliability of the UL signaling transmission, the beam used for the UL signaling transmission can be discussed. For example, for intra-cell case, the UL beam corresponding to the best new beam in UL signaling and the gNB can monitor the UL signaling on the directions corresponding to the configured RS resource for new beam identification. For inter-cell case, for the beam used for UL signaling transmission, the UL resource carrying the UL signaling can be configured with two UL beams, and the UE can transmit repeated UL signaling to both serving cell and neighboring cell.
Proposal 8:
· Study the scheme for the reliability of the UL signaling, e.g. 
· The UE transmites the UL signaling by using the UL beam corresponding to the current beam or new beam.
· The UE transmites the repeated UL signaling by the UL resource configured with two UL beams  targeting to serving cell and neighboring cell.

Discussion on the behavior after the UL signaling reception
After receiving the UL signaling, beam management can be triggered by the gNB. To leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks for UE-initiated/event-driven beam reporting, Rel-15 beam measurement and beam report scheme can be reused, such as the pre-cofigured SSB/CSI-RS resources can be used for new beam measurement, the UE measures the SSB/CSI-RS resources and transmit beam report, the gNB indicates the new unified TCI state.
When the suggested new beam is included in the UL signaling, the QCL information of the RS resources for beam training can be determined at the gNB based on the suggested new beam and the suggested beam training scheme (if needed). For example, for P2 procedure the beam refinement can be performed around the suggested new beam, for P3 procedure the SSB/CSI-RS can be repeatedly transmitted in the direction of the suggested new beam. 
Proposal 9:
· For the UE-initiated/event-driven beam report, legacy beam measurement and beam report scheme can be reused after receiving the UL signaling.
Proposal 10:
· The QCL information of the pre-configured RS resources for beam training can be determined at the gNB based on the suggested new beam and the suggested beam training scheme (if needed) in the UL signaling, e.g.
·  For P2 procedure the beam refinement can be performed around the suggested new beam.
· For P3 procedure the SSB/CSI-RS can be repeatedly transmitted in the direction of the suggested new beam.
In order to further reduce the overhead and delay of beam updates, in addition to the beam report triggering scheme after the UL signaling reception, beam switch triggering scheme without legacy beam measurement and report can also be supported in Rel-19 to facilitate the beam update. For the beam switch triggered by the UE, when the UL signaling is transmitted to the gNB, the gNB response can be considered to confirm the UL signaling reception. The suggested new beam by the UE can be applied after the UL signaling transmission or the gNB response. 
Proposal 11:
· Support UE-initiated/event-driven beam switch to further reduce the overhead and delay of beam updates in Rel-19.
In legacy spec for the unified TCI framework, the indicated unified TCI state should be applied starting from the first slot that is at least beamAppTime symbols after the last symbol of the PUCCH or the PUSCH with positive HARQ-ACK corresponding to the beam indication DCI without DL assignment or corresponding the PDSCH scheduled by the beam indication DCI, and if the indicated unified TCI state is different from the previously indicated one. 
For the UE-initiated/event-driven beam switch, the beam application time can be modified, i.e. the best new beam is applied starting from the first slot that is at least N symbols after the last symbol of the UL resource carrying the UL signaling or DL channel carrying the gNB response (if supported). If the TCI state corresponding to the new beam is not activated, the TCI state activation time also needs to be included in the configured N symbols. 
Proposal 12:
· For the UE-initiated/event-driven beam switch, the new beam is applied starting from the first slot that is at least N symbols after the last symbol of the UL resource carrying the UL signaling or the DL channel carrying the gNB response (if supported).
· If the TCI state corresponding to the new beam is not activated, the TCI state activation time also needs to be included in the configured N symbols.
For the unified TCI framework in legacy spec, some DL or UL channels/signals do not always share the same indicated Rel-17 TCI state as UE-dedicated reception on PDSCH/PDCCH or dynamic-grant/configured-grant based PUSCH and dedicated PUCCH resources, e.g. CORESET#0, a CORESET other than CORESET#0 that is associated with both UE-dedicated and non-UE-dedicated reception on PDCCH, aperiodic CSI-RS for BM or CSI, SRS for BM or for antenna switching or for codebook/non-codebook based uplink transmission. These channels/signals can be configured via RRC to share the indicated unified TCI state. For the UE-initiated/event-driven beam switch, the similar principle for unified TCI state application for these channels/signals can be reused. When the UL signaling is received at the gNB, the new beam is applied for the UE-dedicated reception on PDSCH/PDCCH, dynamic-grant/configured-grant based PUSCH and dedicated PUCCH resources. While for the other channels/signals mentioned above, whether to apply the new beam is configured by RRC.
For the default beam determination for PDSCH and aperiodic CSI-RS, the Rel-17 rule can also be reused as follows. If scheduling offset < threshold (timeDurationForQCL), if the suggested new beam is associated with PCI different from serving cell PCI (i.e. inter-cell), the UE should apply Rel-15 default QCL assumption for both non-UE-dedicated and UE-dedicated PDSCH (i.e. QCL assumption of the lowest CORESET ID in the latest slot). If the suggested new beam is associated with serving cell PCI (i.e. intra-cell), UE always uses the new beam for both UE-dedicated/non-UE-dedicated PDSCH. The same approach as above is applied to default beam for aperiodic CSI-RS. 
Proposal 13:
· For the UE-initiated/event-driven beam switch, reuse the legacy beam application principle for some channels/signals (whether to apply the new beam is configured by RRC) and the legacy default beam rule for PDSCH and aperiodic CSI-RS.

Conclusion 
In this contribution, we provide our proposals on the UE-initiated/event-driven beam management:
Proposal 1:
· Refer to the L3 events for cell measurement and define L1/L2 beam-level new events for UE-initiated/event-driven beam management as follows. 
· New event 1: Anyone current beam becomes worse than threshold.
· New event 2: New beam becomes better than threshold.
· New event 3: Condition 1 and condition 2
· Condition 1: Anyone current beam becomes worse than threshold1.
· Condition 2: New beam becomes better than threshold2.
· New event 4: New beam becomes offset better than current beam.
· [bookmark: _GoBack]New event 5: Interference becomes higher than threshold.
Proposal 2:
· For new event measurement, the design principle for beam failure detection in legacy spec can be reused.
· The SSB/CSI-RS resources can be configured to associate with the new event to measure current beam quality, new beam quality or interference based on the configured event.
· For current beam measurement, the SSB/CSI-RS resource can be QCL-ed with or same as the source RS in the indicated unified TCI state.
· L1-RSRP or L1-SINR can be considered as the metric.
Proposal 3:
· Introduce new counter(s) and new timer(s) based on the new event definition.
Proposal 4:
· Consider and down-select the UL resources carrying the UL signaling based on the new event definition and the UL signaling content(s), e.g. UCI, PRACH or MAC CE.
Proposal 5:
· For UE-initiated/event-driven beam, the UL signaling can contain the following information:
· an indication of the event that occurred
· suggested new beam from serving cell PCI or non-serving cell PCI 
· cell index on which the event occurs
· unavailable current beam
Proposal 6:
· The suggested beam training scheme, i.e. P2 (repetition=off) or P3(repetition=on), can be included in the UL signaling.
Proposal 7:
· The suggested unified TCI state type (joint, separate) can be included in the UL signaling.
Proposal 8:
· Study the scheme for the reliability of the UL signaling, e.g. 
· The UE transmites the UL signaling by using the UL beam corresponding to the current beam or new beam.
· The UE transmites the repeated UL signaling by the UL resource configured with two UL beams  targeting to serving cell and neighboring cell.
Proposal 9:
· For the UE-initiated/event-driven beam report, legacy beam measurement and beam report scheme can be reused after receiving the UL signaling.
Proposal 10:
· The QCL information of the pre-configured RS resources for beam training can be determined at the gNB based on the suggested new beam and the suggested beam training scheme (if needed) in the UL signaling, e.g.
·  For P2 procedure the beam refinement can be performed around the suggested new beam.
· For P3 procedure the SSB/CSI-RS can be repeatedly transmitted in the direction of the suggested new beam.
Proposal 11:
· Support UE-initiated/event-driven beam switch to further reduce the overhead and delay of beam updates in Rel-19.
Proposal 12:
· For the UE-initiated/event-driven beam switch, the new beam is applied starting from the first slot that is at least N symbols after the last symbol of the UL resource carrying the UL signaling or the DL channel carrying the gNB response (if supported).
· If the TCI state corresponding to the new beam is not activated, the TCI state activation time also needs to be included in the configured N symbols.
Proposal 13:
· For the UE-initiated/event-driven beam switch, reuse the legacy beam application principle for some channels/signals (whether to apply the new beam is configured by RRC) and the legacy default beam rule for PDSCH and aperiodic CSI-RS.
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