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Introduction
In RAN#102, a work item for NR MIMO evolution for downlink and uplink [1] was agreed with the following objectives.

RAN #102 [1]
	
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
a. UL signalling content(s) for UE-initiated/event-driven beam reporting facilitating fast beam switching
b. [bookmark: _Hlk145555364]UL signalling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting




This contribution outlines our proposals on enhancements for UE-initiated/event-driven beam management.
Trigger-event detection

In RAN1 #116-bis, the following was agreed:
	Agreement
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, at least support Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam.
· At least L1-RSRP is supported as quality metrics used for Event-2
· FFS: How the L1-RSRP is used to determine the triggering event (e.g. timer, counter, filter coefficient)
· FFS: Whether the network controls how the L1-RSRP is used to determine the triggering event
· Regarding RS measurement for the new beam for Event-2, down-select one or more of the following:
· Option-3a (explicit manner): The RS(s) for new beam(s) are explicitly configured by RRC (e.g., reusing legacy configuration of RS measurement or in TCI-State) or MAC-CE
· Option-3b (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s).
· Option-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).
· Note-1: ‘New/current beam’ is for discussion purpose.
· Note-2: Other trigger events/quality metrics (e.g., L1-SINR) are not precluded.
· Note-3: For above implicit manner(s), if there are two QCL RSs in a TCI state, the measurement RS is derived from RS w.r.t. QCL-TypeD, if applicable.



	Agreement
On UE-initiated/event-driven beam reporting, regarding Event-2, ‘current beam’ is a beam corresponding to the indicated TCI state.
· Regarding RS measurement for the current beam for Event-2, Option-2a is supported:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· FFS: The RS for current beam can be either the QCL RS in the indicated TCI state or the SSB which is QCLed with the QCL RS in the indicated TCI state.
· FFS: Option-2c (explicit manner): The RS for current beam is explicitly configured by RRC or MAC-CE.
· Note: SSB or CSI-RS can be configured



UE-initiated beam management sends reports to the gNB based on the triggering of certain events called trigger events. The trigger consists of comparing the beam quality using a specific metric (e.g., L1-RSRP). The beams being compared are called the current beam and the new beam. The current beam and new beam defenitions are decided depending on the use case in which UE-initiated beam management is used. The serving beam for the UE is decided by the indicated TCI state, which is selected from one of the TCI states that are activated by a MAC-CE. If the use case is to update the indicated TCI state, the current beam would be the currently indicated TCI state and the new beams would be the currently activated TCI states. In the discussions so far, this was the use case that was focussed in and was called usage-1. How the current beam and the new beam are compared depends on the selected trigger event. At present, it is agreed to support event-2, which states that the quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam. This threshold value is configured by the RRC.

RS measurement 

The current beam is compared with the new beam in order to determine if an event is triggered. This issue deals with the nature of association between the measurement resources and the current or new beams. The UE distinguishes the current beam and the new beam based on this. Thus, the objective is to determine which beams are being compared to trigger the event. Associations between beams and measurement resources are determined using QCL properties or explicitly specified by the network. Explicit indication may be done by utilizing two separate resource sets, for the current beam and the new beam, or by using a single resource set. The first option is intended to give more flexibility.  When relying on implicit indication, it is crucial to prevent any ambiguity in identifying the correct measurement resource.

The current beam can be decided implicitly. E.g., The current beam may be decided by looking at the beam with the TCI state linked to the PDCCH DM-RS. There are two choices for the QCL source for the current beam when using implicit indication.

Proposal 1: The QCL RS of the indicated TCI state can be used as the reference signal for the current beam.
Proposal 2: In addition, the SSB which is QCLed with the QCL RS of the indicated TCI state can also be used as the reference signal for the current beam.
The measurement reference signal for the current beam and the new beam are expected to be of the same RS type (e.g., either bot are beam management CSI-RS, both are SSB etc.).
Proposal 3: The RRC selects which of the above two QCL sources is enabled.
Regarding configuration of new beams, the UE is typically provided with a list of reference signals to be measured for beam reporting. 
Proposal 4: The RS(s) for new beam(s) are explicitly configured by RRC or MAC CE.

Trigger Events

In RAN1 #116-bis, the following was agreed:
	Agreement
On UE-initiated/event-driven beam reporting, further study the following trigger events:
· Event-1: Quality of the current beam is worse than a certain threshold.
· 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.
· Event-5: Absolute value of the difference between the quality of the current beam and the quality of at least one new beam is lower than a threshold.
· Event-6: When the current beam is not in the best K>1 beams (out of configured beams for measurement and reporting).
· Event-7a: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality.
· Event-7b: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the best quality.
· Event-8: Quality of M>1 new beams, such as L1-RSRP, become a threshold value better than the current beam.
· Event-9: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the configured reference RS (can be SSB or CSI-RS).




In addition to updating the indicated TCI state, there may also arise occasions when the list of activated TCI states need to be updated. This use case is called usage-2. In such situations, a different event than event-2 may be more suitable to trigger the beam report. The events listed in the above agreement also contain events that are suitable for this usage. While selecting an event for this usage, it should be noted that the current beam consists of a set of beams rather than a single beam. So the event should address which beam among the current beams is used as a reference to trigger the event.

Proposal 5: For usage-2, the list of active TCI states needs to be updated when the quality of a new beam outside the list of active beams exceed the quality of any of the active beams.
Proposal 6: Support Event 7a, ‘Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality’.
Filtering of L1-RSRP
In our view, filtering of L1-RSRP should not be left to UE implementation. This is because different UEs might choose different filters, and some might opt not to filter the RSRP at all. This means that the gNB would be comparing dissimilar metrics while making scheduling decisions. Thus, we believe filtering should be network configured.
Observation 1: If filtering is left to UE implementation, gNB would be unable to compare reports with filtered metrics and those with unfiltered metrics.
Proposal 7: Filtering should be network configured.
For usage-2, there is also a need for a mechanism to avoid erroneous reporting for TCI state updation due to fluctuating L1-RSRP measurements.
Observation 2: Fluctuations in L1-RSRP can lead to erroneous or frequent updation of the list of active TCI states. 
Proposal 8: L1-filtering of the new beam measurement report should be supported for usage-2.
UL signaling content(s)
Based on measurements by the UE, it was explained in the previous section that reports would be sent whenever certain events are triggered. This section focusses on the content of such a report. For usage 1, it was agreed that the report would contain L1-RSRP and the corresponding resource indicator of the measured reference signal (CRI or SSBRI). The next question that arises naturally is how many beams are to be reported in each beam report. This choice should balance the overhead caused by the report with ensuring that an adequate amount of information is presented to the gNB to make a decision.

No. of beams to be reported
The choices provided in the agreements consist of both fixed size beam report options as well as variable size report. In RAN1 #116bis, the following was agreed:
	Agreement
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, in a report instance, the following options are provided for down-selection (other options are not precluded) in RAN1#117
· Option-1 (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· Option-1a (variable size): N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· At least one of N reported beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· FFS: Whether the indication of payload size should be provided additionally.
· FFS: Details on how value of N is determined by the UE
· Option-1b: N beam(s) are reported in the report instance, where N  {1, 2, ..., Nmax}
· The N beam(s) should satisfy the condition of Event-2
· Nmax is configured by gNB 
· Payload size does not vary as a function of N
· FFS: Zero-padding can be provided if N is less than Nmax.
· Option-2: Only N=1 beam is reported in the report instance 
· The reported beam should satisfy the condition of Event-2
· Option-3: N ≥ 1 beam(s) are reported in the report instance,  
· At least one of N reported beam(s) should satisfy the condition of Event-2
· N is configured by gNB 
· Other options are not precluded.
· FFS: Whether the measurement results for current beam is always reported or can be enabled by RRC.
· FFS: When current beam is reported, whether the current beam is counted in the N reported beams.  
· The selected option shall satisfy Event-2.




Among the listed options, supporting a variable size beam report requies payload size indication in the first uplink channel, while supporting a fixed size beam report may lead to resource wastage. We expect that for usage-1 triggered by event 2, multiple options for the current beam may be provided to the gNB in the beam report. This can give the gNB some choices to schedule an appropritate beam with reasonable strength. 

Observation 3: Variable size beam report has the advantage of resource efficiency as it avoids wastage of resources by reporting only as many beams as needed. 
Observation 4: A multi-bit indication may be required in the first uplink channel to support variable size beam report.
Observation 5: For updating the current beam, it is better to give multiple beams for the gNB to choose from.
Based on these observations, it may be argued that variable size beam report may not be very suitable for the purpose of updating the indicated TCI state. A fixed size beam report with a minimum number of beams being reported in each instance would be sufficient.  
Observation 6: Amoung the options for fixed size beam report, option 2 may carry too little information while the zero padding in option 1b is wasteful in resources. 
Proposal 9: Support option 3, i.e., report N beams in one reporting instance, where N is configured by the gNB. 
Proposal 10: If a variable-size beam report is to be supported, option 1a would be preferable to option 1 as it would allow more beams to be reported .
Reporting the current beam

For usage-1, the current beam is defined as the beam corresponding to the indicated TCI state. Knowledge of the current beam is useful to the gNB to determine if the current beam quality has degraded or not before making a decision to change the indicated TCI state. 

Proposal 11: The measurement results for current beam is always reported.

For this to happen, the current beam must be unambiguous in the beam report. If option-3 is selected, and N beams are chosen to be reported, the report would list the beams from the strongest beam to the weakest beam. Multiple scenarios may arise in such a beam report:

Scenario 1: All of the N beams are stronger than the current beam by the threshold.
Scenario 2: All of the N beams are stronger than the current beam, but only some of them are stronger by the threshold.
Scenario 3: Some of the beams are stronger than the current beam, while some of them are weaker than the current beam.

In the first two scenarios, it would not be possible to count the current beam as part of the N beams.

Observation 7: It is not always possible to count the current beam as part of the N reported beams.

To cover such scenarios, it is better to report the current beam seperately. To avoid redundant reporting of the current beam, the current beam can be skipped in the list of N beams and only reported separately.

Proposal 12: Report current beam separate from the list of N new beams.
UL signaling medium/container 
This issue looks at the signal which carries the report. The uplink signal that carries the UE initiated beam report may be sent by a physical layer signal such as uplink control information (UCI), or a higher layer signal such as a MAC Control element (MAC CE). Based on the discussions of the previous meetings, it was decided to prioritize UCI as the report container. The choice now lies between scheduling the UCI dynamically or scheduling UCI in preconfigured resources. In RAN1 #116bis, the following was agreed:

	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· Mode A (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· This mode is basic UE capability (i.e. all UE supporting UE-initiated/event-driven beam reporting should support this feature).
· No new DCI format is introduced.
· Mode B (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
[bookmark: OLE_LINK25]FFS: Whether UE receives acknowledge information with response to each step for all modes
For above procedures, cross-CC beam reporting is supported for both modes.
· FFS: Details.



Mode A, i.e., dynamcally scheduling UCI by gNB, would be supported as basic UE capability. To support either dynamic scheduling or static preconfigured resources, it was decided to split the design to contain two uplink channels. The first uplink channel would be a periodic PUCCH resource intended to contain either a scheduling request (Mode A) or a use indication (Mode B) for the second uplink channel. The current discussion centers around whether there is any merit in containing more than one bit in the first uplink channel, for either Mode A or Mode B.

Payload of first channel (one-bit vs multi-bit) for Mode-A and Mode-B

The first channel is configured as a periodic PUCCH resource via dedicated RRC signaling. As mentioned in the previous section, a fixed size beam report (option 3) may be more useful for usage-1. Due to this reason, single-bit indication may be sufficient. However, we are still open to multi-bit indication if there is scope to do so in usage-1 or usage-2. 

Observation 8: Single-bit indication in the first UL channel may suffice for option 3 in usage-1. But multi-bit indication may become relevant if an option with variable size report is also supported.

Proposal 13: Support single-bit indication for first UL channel for option-3.

Proposal 14: If variable size report is supported, multi-bit indication should be studied.

Regarding DCI format for the second channel
The choice of the DCI format depends on whether PUCCH or PUSCH needs to be supported for the second channel. In our view, we prefer not to make a downselection now.
Proposal 15: The second uplink channel can be either PUSCH or PUCCH.


Conclusion
In this contribution, we presented the following proposals on enhancements for UE-initiated beam management. 

Proposal 1: The QCL RS of the indicated TCI state can be used as the reference signal for the current beam.
Proposal 2: In addition, the SSB which is QCLed with the QCL RS of the indicated TCI state can also be used as the reference signal for the current beam.
Proposal 3: The RRC selects which of the above two QCL sources is enabled.
Proposal 4: The RS(s) for new beam(s) are explicitly configured by RRC or MAC CE.
Proposal 5: For usage-2, the list of active TCI states needs to be updated when the quality of a new beam outside the list of active beams exceed the quality of any of the active beams.
Proposal 6: Support Event 7a, ‘Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the RS derived from the activated TCI state with the worst quality’.
Observation 1: If filtering is left to UE implementation, gNB would be unable to compare reports with filtered metrics and those with unfiltered metrics.
Proposal 7: Filtering should be network configured.
Observation 2: Fluctuations in L1-RSRP can lead to erroneous or frequent updation of the list of active TCI states. 
Proposal 8: L1-filtering of the new beam measurement report should be supported for usage-2.
Observation 3: Variable size beam report has the advantage of resource efficiency as it avoids wastage of resources by reporting only as many beams as needed. 
Observation 4: A multi-bit indication may be required in the first uplink channel to support variable size beam report.
Observation 5: For updating the current beam, it is better to give multiple beams for the gNB to choose from.
Observation 6: Amoung the options for fixed size beam report, option 2 may carry too little information while the zero padding in option 1b is wasteful in resources. 
Proposal 9: Support option 3, i.e., report N beams in one reporting instance, where N is configured by the gNB. 
Proposal 10: If a variable-size beam report is to be supported, option 1a would be preferable to option 1 as it would allow more beams to be reported .
Proposal 11: The measurement results for current beam is always reported.

Observation 7: It is not always possible to count the current beam as part of the N reported beams.

Proposal 12: Report current beam separate from the list of N new beams.

Observation 8: Single-bit indication in the first UL channel may suffice for option 3 in usage-1. But multi-bit indication may become relevant if an option with variable size report is also supported.

Proposal 13: Support single-bit indication for first UL channel for option-3.

Proposal 14: If variable size report is supported, support multi-bit indication.

Proposal 15: The second channel in Step-2 can be both of PUSCH and PUCCH
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