


[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: _GoBack]3GPP TSG RAN WG1 #116bis                                                                            R1-2402376
Changsha, China, April 15th – April 19th, 2024

Source:	CATT
Title:	Discussion on UE-initiated/event-driven beam management
Agenda Item:	9.2.1
Document for:	Discussion and Decision

[bookmark: _Ref521334010]Introduction
In RAN1 #116 meeting, following agreements were achieved on UE-initiated/event-driven beam management  [1]. 
	Agreement
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required
Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, RAN1 further study at least the following aspects: quality metrics, event-definition and threshold.
· Further study trigger events, including the following example as a starting point
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
· Others are not precluded.
· Note: Companies are encouraged to provide details on procedure (e.g. how it is used) related to their preferred event
Agreement
On UE-initiated/event-driven beam reporting, at least support L1-RSRP as a measurement quantity on SSB for intra-cell and inter-cell, and periodic CSI-RS for beam management
· Notes: measurement results may be contained in the beam report and/or used as quality metric(s) to initiate/trigger the reporting. 
· FFS: Semi-persistent CSI-RS and aperiodic CSI-RS.
· FFS: Whether/how to support L1-SINR measurement, assuming legacy RS or RS combination (e.g., CMR only, CMR+ZP/NZP-IMR) for Rel-16 SINR is reused. 
· FFS: Whether/how to specify filtering operation for L1-RSRP.
Agreement
On UE-initiated/event-driven beam reporting, regarding signaling content(s), at least support DL RS resource indicator and L1-RSRP 
· FFS: Study and decide whether additional contents can be supported.
· FFS: L1-RSRP format, e.g., absolute and/or differential value.
· Note: Above does not imply to preclude discussion on L1-RSRP filtering.
· The actual reported content depends on the triggering event
· Support of one or multiple events will be discussed separately 


In this contribution, related issues on UE-initiated/event-driven beam management are discussed, including triggering events, RS resources for beam measurement, UL report contents and UL report container. 
Discussion
1.1 Triggering events
In RAN1#116 meeting, four potential  triggering events were proposed for UE-initiated/event-driven beam management as the starting point [1]:
· Event-1: Quality of the current beam is worse than a certain threshold.
· Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. 
· Event-3: Quality of a new beam is better than a certain threshold. 
· Event-4: Quality of the current beam is worse than a threshold 1, and quality of at least one new beam is better than a threshold 2.
Among the potential alternatives, event-2 is a straightforward solution to facilitate fast beam switching. When UE detects a better beam, it can initiate the beam reporting. Besides event-2, more events can be considered. For example, beam reporting for event-1 is beneficial for UE to request the gNB to pursue beam measurement before beam failure happens. 
Proposal 1: On UE-initiated/event-driven beam management, support multiple triggering events, and at least event-2 is supported.
If one or more threshold-related triggering events (e.g. event-1, event-3 and event-4) are supported, regarding the configuration of threshold values, it is our view that the scheme similar as BFR can be considered, i.e., the threshold(s) is explicitly configured by NW. 
Proposal 2: On UE-initiated/event-driven beam reporting, for the trigger events related to threshold(s), the threshold(s) is explicitly configured by NW. 
1.2 RS resources for beam measurement
In RAN1 #116 meeting, it has been agreed to support L1-RSRP as a measurement quantity with SSB and periodic CSI-RS supported as the RS resources for beam measurement. One open issue is whether semi-persistent CSI-RS and aperiodic CSI-RS can be used as the RS resources for beam measurement. 
In the legacy beam measurement procedure, based on legacy CSI reporting framework, the reference signal used for beam measurement can be CSI-RS or SSB configured in CSI-resource setting which is associated with CSI-report setting. All of periodic, semi-Persistent, and aperiodic CSI-RS are supported. The gNB can activate a semi-persistent CSI-RS or triggers an aperiodic CSI-RS for beam measurement when it is necessary, and the beam measurement and reporting is controlled by NW. 
For UE-initiated/event-driven beam management, UE monitors the RS resource set and sends the beam report when trigger event(s) occurs. Semi-persistent CSI-RS or aperiodic CSI-RS should be activated or triggered by gNB. For beam reporting initiated by UE, if the RS resource set to be monitored is configured by the gNB based on legacy CSI reporting framework, gNB does not know when to activate/trigger a semi-persistent/aperiodic CSI-RS for beam management. Then UE-initiated/event-driven beam measurement cannot work well. 
Proposal 3: On UE-initiated/event-driven beam reporting, do not support semi-persistent CSI-RS and aperiodic CSI-RS as the beam measurement RS resources. 
In the offline discussion before RAN1 #116bis meeting, another issue is the RS configuration for L1-RSRP measurement. Considering different events mentioned in section 2.1, the RS for L1-RSRP measurement need to be considered separately for current beam and new beam.
For the measurement of the new beam, the legacy CSI measurement configuration framework can be considered, i.e., one RS resource set for the measurement of the new beam can be explicitly configured for a beam reporting. Meanwhile, given that the motivation of the UE-initiated beam management is to assist gNB to indicate a proper TCI state or update the activated TCI state, the RS used for the measurement of the current beam can be derived from QCL RS(s) in the indicated TCI states.
Proposal 4: On UE-initiated/event-driven beam reporting, regarding the RS of L1-RSRP measurement, considering the following options:
· Use QCL-typeD source RS of the indicated TCI state for the RS measurement of the current beam.
· Configure CSI-RS resource set for candidate beam explicitly in a CSI-resource setting associated with the CSI reporting setting for UE-initiated beam management.
L1-SINR measurement is supported in NR Rel-16 to consider interference in the beam measurement. Especially in the scenario of multi-user MIMO and multi-TRP, the beam with a high L1-RSRP does not mean a high L1-SINR due to the interference can be different for different beams. Similarly, the interference shall be taken into consideration for UE-initiated/event-driven beam management in NR Rel-19, and L1-SINR measurement should also be supported. 
Proposal 5: On UE-initiated/event-driven beam reporting, support L1-SINR as a measurement quantity to be reported. 
Regarding to the filtering operation of the L1-RSRP, in the legacy CSI measurement framework, if the higher layer parameter timeRestrictionForChannelMeasurements is set to “Configured”, UE will not use filtering to the measured L1-RSRP. If the timeRestrictionForChannelMeasurements is set to “notConfigured”, whether or not using the filtering is left up to UE implementation. 
For UE-initiated beam management in Rel-19, applying filtering for the metrics across multiple measurement periods is beneficial to improving the stability (e.g., preventing ping-pong) and avoiding unnecessary beam reporting. 
Proposal 6: On UE-initiated/event-driven beam reporting, support filtering operation for measurement quantities such as L1-RSRP and L1-SINR.
1.3 UL report contents
In RAN1#116 meeting, it has been agreed that DL RS resource indicator and L1-RSRP are reported for UE-initiated/event-driven beam reporting. An open issue is whether additional contents can be supported. 
For NR Rel-19 UE-initiated/event-driven beam management enhancement, multiple trigger events were proposed in RAN1 #116 meeting. For different trigger events, different reporting contents can be considered. 
For Event-1(Quality of the current beam is worse than a certain threshold): In this case, UE can indicates the network that the current beam has deteriorated by reporting CRI + L1-RSRP/L1- SINR of the current beam. If the gNB receives reporting from UE, the gNB can active/trigger CSI-RS resources for beam measurement. Then the beam with good performance can be found.
For Event-2(Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam): The UE can reports the identifier(s) of the new beam(s) better than the current beam, along with the measured quality/qualities. Reporting CRI/SSBRI + L1-RSRP/L1-SINR of the new beams can be considered as a starting point. Then, for the gNB receives beam reporting from the UE, the gNB can indicate a TCI state(s) corresponding to the CRI/SSBRI reported by the UE, then a better beam is applied. Optionally, CRI/SSBRI + L1-RSRP/L1-SINR of the current beam can also be reported to assist the gNB to determine whether the new beam is indicated.
For Event-3(Quality of a new beam is better than a certain threshold): In this case, UE can reports the identifier(s) of the new beam(s) better than a threshold, along with the measured quality/qualities, i.e., CRI/SSBRI + L1-RSRP/L1-SINR of the new beam(s) can be reported. If the gNB receives beam reporting from the UE, the gNB can indicate a TCI state(s) corresponding to the CRI/SSBRI reported by the UE or replace the beam(s) in the active TCI state list by the new beam. Then a good beam can be applied.
For Event-4(Quality of the current beam is worse than a threshold1, and quality of at least one new beam is better than a threshold 2): It is similar to event-2, and similar reporting contents as that for event-2 can be applied. 
When multiple trigger events are supported, trigger event identifier can also be reported along with the beam identifier and beam qualities. 
Proposal 7: On UE-initiated/event-driven beam reporting, following report contents are considered for the trigger events:
· For event-1(if supported), CRI/SSBRI + L1-RSRP of the current beam is reported. 
· For event-2/4(if supported), CRI/SSBRI(s) + L1-RSRP/L1-SINR of new beams is reported.
· Optionally, CRI/SSBRI(s) + L1-RSRP/L1-SINR of the current beam are reported. 	
· For event-3(if supported), CRI/SSBRI(s) + L1-RSRP/L1-SINR of new beam(s) is reported. 
Proposal 8: On UE-initiated/event-driven beam reporting, if more than one trigger events are supported, trigger event identifier can be reported to indicating which trigger event happens. 
1.4 UL report container
In the offline discussion before RAN1 #116bis meeting, following options were given for the container of the UE-initiated/event-driven beam reporting:
· Option-1 (MAC-CE): 
· Step 1: UE transmits a SR for requesting UL-SCH resources, if trigger event occurs.
· Step 2: UE detects the DCI format for UL grant. 
· Step 3: The beam report is carried by MAC CE in a new transmission of PUSCH.
· Note: Step-1 and Step-2 can be skipped if UL-SCH resource is available for new transmission, and above do NOT imply to update the legacy procedure of MAC-CE. 
· Note: The MAC-CE can be carried in dynamically scheduled or semi-static configured resource.
· [bookmark: OLE_LINK26][bookmark: OLE_LINK25]Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report (e.g., similar to AP-CSI request). 
· Step 3: Beam report is transmitted in second UL channel.
· Note: Whether the second UL channel is PUCCH, PUSCH or both. 
· [bookmark: OLE_LINK27]Option-3 (UCI in pre-configured resource(s) for first and/or second UL channel):
· Step 1: UE transmits a first UL channel (one-bit/multi-bit) notifying a second UL channel to carry beam report
· Note: Resource(s) for first UL channel is dedicated to the UE.
· Step 2: UE transmits the beam report in the second UL channel. 
· Note: Whether the resource(s) for the second UL channel are dedicated to a UE or shared with other UEs.
· Option-3a: Pre-configured resource for the second UL channel dedicated for UEI beam report
· Option-3b: Pre-configured resource for the second UL channel not dedicated for UEI beam report
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
Option 1 is similar as the scheme used for the legacy SCell BFR reporting. For Option 1, the UE sends a SR for requesting PUSCH resources if trigger event occurs. Then the gNB will allocate a PUSCH resource for UE-initiated beam reporting. Alternatively, if there is a PUSCH transmission available when UE detects that a trigger event occurs, the MAC CE may be transmitted on the PUSCH without sending a separate request to the network. This method has the advantage that minor specification impact is seen since similar idea can be borrowed from legacy BFR MAC CE. However, this method deviates from the WID which explicitly assumed to leverage as much as possible the legacy CSI measurement and reporting configuration framework. Meanwhile, the benefit of dynamically request for reporting resources is quite marginal in terms of beam management latency reduction. 
For option 2, when an event is detected, the UE sends one or multiple bits to request a resource for a second uplink channel to carry beam report. In response, the network will send the DCI format to indicate a resource for a second uplink channel, which is used to carry beam report. Option 2 is similar to option 1 as the UE will request dynamically scheduled uplink resources for beam reporting. The difference is that UCI will be transmitted instead of MAC CE and the resource for the first uplink channel is dedicated to UE. Thus, option 2 has the similar problem in terms of beam management latency as those for option 1. 
For option 3 and option 4b, the beam report is carried in UCI. For option 3, potential resources used for beam reporting are pre-defined to the UE. When UE detects that a trigger event occurs, UE will transmits one-bit or multi-bit using a first UL channel to notify which potential resource is used to carry beam report. Then UE will transmit the beam report in the resource. Option 3 needs a separate resource for the notification of beam reporting. Another issue of the two-step reporting is that when the one-bit or multi-bit message is missing, gNB does not know the resource would be used by the UE for the beam reporting. Then, besides missing the detection of the beam reporting, it is possible that the resource is allocated to the UE/other UEs for other purpose, which could lead to collision or serious interference.
For option 4b, the legacy CSI measurement framework is used to configure UL resources for beam reporting. The UE transmits the beam report in the pre-defined resource if trigger event occurs. For option 4b, beam report consists of two parts where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report. UE transmits the two parts on a same PUCCH or PUSCH. Compared with option 3, option 4b does not have notification missing problem, and it is beneficial in terms of latency due to the one-time beam report. 
Proposal 9: On UE-initiated/event-driven beam reporting, support the following option for the UL report container: 
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
Conclusions
In this contribution, we provide our views on the enhancements for UE-initiated beam management, including triggering events, RS resource set used for beam measurement, UL report contents and UL report container. We have the following proposals:
Proposal 1: On UE-initiated/event-driven beam management, support multiple triggering events, and at least event-2 is supported.
Proposal 2: The threshold(s) for triggering events should be explicitly configured by NW.
Proposal 3: On UE-initiated/event-driven beam reporting, do not support semi-persistent CSI-RS and aperiodic CSI-RS as the beam measurement RS resources. 
Proposal 4: On UE-initiated/event-driven beam reporting, regarding the RS of L1-RSRP measurement, considering the following options:
· Use QCL-typeD source RS of the indicated TCI state for the RS measurement of the current beam.
· Configure CSI-RS resource set for candidate beam explicitly in a CSI-resource setting associated with the CSI reporting setting for UE-initiated beam management.
Proposal 5: Support L1-SINR as a measurement quantity for UE-initiated/event-driven beam management. 
Proposal 6: Support filtering operation for L1-RSRP in NR Rel-19 UE-initiated beam management.
Proposal 7: On UE-initiated/event-driven beam reporting, following report contents are considered for the trigger events:
· For event-1(if supported), CRI/SSBRI + L1-RSRP of the current beam is reported. 
· For event-2/4(if supported), CRI/SSBRI(s) + L1-RSRP/L1-SINR of new beams is reported.
· Optionally, CRI/SSBRI(s) + L1-RSRP/L1-SINR of the current beam are reported. 
· For event-3(if supported), CRI/SSBRI(s) + L1-RSRP/L1-SINR of new beam(s) is reported. 
Proposal 8: On UE-initiated/event-driven beam reporting, if more than one trigger events are supported, trigger event identifier can be reported to indicating which trigger event happens. 
Proposal 9: On UE-initiated/event-driven beam reporting, support the following option for the UL report container: 
· Option-4b (UCI in pre-configured resource not dedicated for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource (e.g., notification is a part of beam report, like two-part UCI, where Part-1 is to indicate the information of Part-2, Part-2 is to carry beam report), if trigger event occurs. 
· Note: The two-part UCI is carried on a same PUCCH or on a same PUSCH.
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