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1. Introduction 
In the RAN #102 meeting, a new Work Item entitled “NR MIMO Phase 5” with the following scope regarding UE-initiated/event-driven beam management was endorsed [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 signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting


In the RAN1 # 116-bis meeting, the following items were agreed on in the “9.2.1 Enhancements for UE-initiated/event-driven beam management " regarding event condition, contents of beam reporting and signaling [2]. 
	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



In this contribution, we provide our views on the enhancements for UE-initiated/event-driven beam management.


2. Discussion 
2.1 Event trigger detection
In the previous meeting, the candidates of configuration of new beam(s) were agreed [2]. 
	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.


The configuration of the new beam(s) is down-selected from Option-3a to 3c. For Option-3a, the gNB provides the explicit list of the RS(s) for new beam(s), and the UE measures RS(s) according to the list. By explicitly indicating the RSs to be measured, beam measurements can be efficiently performed on new beam candidates. In Option-3b, the new beam(s) are implicitly derived from activated TCI state(s). Considering the usage of Event-2, this event can be used for monitoring of deactivated beam in order to update activated/indicated TCI state(s). However, only up to 8 RSs can be measured with Option-3b. Therefore, we think that Option-3b is too strict for the usage of Event-2. For Option-3c, the new beam(s) are implicitly derived from configured TCI state(s). This option allows the UE to measure all of candidate of beams and could find new beam(s) that trigger Event-2. However, if the UE is configured a lot of TCI states, this may result increasing in the overhead of beam measurement. From the above discussion, we propose the following: 

Proposal 1:
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. Regarding RS measurement for the new beam for Event-2, support Option-3a and Option-3c. 
· 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-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).


2.2 UL signaling medium/container
UL signaling medium/container have been discussed [2]. 
	Agreement
On beam report transmission procedure for UE-initiated/event-driven beam reporting, following modes are supported:
· [bookmark: OLE_LINK25]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. 
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. 


One of the remaining issues is payload size of first PUCCH for both Modes. In our understanding, UE transmits a first PUCCH only when the Event triggered. Based on this assumption, the blind decoding is needed at the gNB. Considering the complexity of blind decoding, 1-bit first PUCCH is preferable. Also, the mode to be used should be configured by the gNB, this is because Mode-B needs pre-configured resources for second channel. Therefore, the UE needs to report the triggering of the event but does not need to notify which mode in the first PUCCH step. Moreover, considering the implementation, the unified design for both modes is preferable. Therefore, we propose the following: 

Proposal 2:
On beam report transmission procedure for UE-initiated/event-driven beam reporting, 1-bit first PUCCH should be supported for Mode-A and Mode-B. 

2.3 Contents of beam reporting for Event-2
The contents of beam reporting for Event-2 have been discussed, and we have the following candidates [2].
	[116b] 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
· [bookmark: OLE_LINK11]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.


There are mainly 3 issues/FFS for contents of the beam report. 
Issue 1: Which Option(s) should be supported?
In our perspective, there are two major differences between each option:
· whether to include beams that do not satisfy the event (1, 1b and 2 vs. 1a and 3)
· whether to make the payload size variable at the UE side (1 and 1a vs. 1b, 2, and 3)
Considering the condition of Event-2, a smaller number of beams will be included in the beam report. Only beams satisfy Event-2 that have a certain better quality than the current beam, but since the current beam is assumed to be of good quality (at least in the recent measurements), the number of beams included in the report tends to be smaller if the report is restricted to only beams that satisfy the event. In addition, related to the latter issues, the current beam cannot be included to the report due to this restriction. Therefore, we think this restriction leads inflexible beam reporting. The second point is variable payload size. In our understanding, the variable size beam reporting become inefficient with both Mode-A and Mode-B. For Mode-B, the resources for second UL channel (i, e. resources for beam report) are pre-configured. Therefore, the gNB cannot know that how many number of beams the UE wants to report at the timing of pre-configuration. Even with the dynamic scheduling (Mode-A), if 1-bit first PUCCH is supported, the gNB cannot know the number of beams in the report before scheduling. From the above discussion, we have the following proposal: 

Proposal 3:
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, support Option-3. 
· 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 


Issue 2: Whether the measurement results for current beam is always reported or can be enabled by RRC. 
According to the condition of Event-2, occurrence of Event-2 represents “There are better beam(s) than the current beam” but does not always mean “The quality of the current beam becomes worse.” Therefore, the gNB has the possibility of keeping the current beam if the quality of the current beam is good enough, even if Event-2 occurs. However, if the results for current beam become mandatory, the UE should report at least two beams (current beam + at least one new beam), and this could cause signal overhead. Therefore, we have the following observation and proposal: 

Observation 1:
To reduce unnecessary beam switching, the quality of the current beam is preferred to be included in the beam report for Event 2. 

Proposal 4:
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, the measurement results for current beam can be enabled by gNB. 


[bookmark: _Hlk166231372]Issue 3: When current beam is reported, whether the current beam is counted in the N reported beams. 
We think that it depends on which option(s) to be supported. For the options with restriction reported beams (i.e., Option-1, 1b and 2), the current bean should not be counted in the N beams this is because the N beams should satisfy the condition of Event-2. For the others (Option 1a and 3), the current beam can be included in the N beams. However, related to the previous issue, if the reports for the current beam become mandatory, the definition of N for Option-1a and 3 becomes N  {2, 3, ..., Nmax} and N ≥ 2, respectively. From the above discussion, we have the following observation: 

Observation 2:
Whether the current beam is counted in the N reported beams depends on which option(s) to be supported. 	
· For Option-1, 1b and 2, the current bean should not be counted in the N beam(s).
· For Option-1a and 3, the current beam can be included in the N beams.
· If the reports for the current beam become mandatory, the definition of N for Option-1a and Option-3 becomes N  {2, 3, ..., Nmax} and N ≥ 2, respectively.




2.4 The other triggering events
The candidates of triggering event have been discussed, and we have the following candidates [2].
	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).
· [bookmark: _Hlk166232849]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).


For Event-1, it can detect the deterioration in the current beam quality, and it can be used as a trigger to switch to a new beam. Moreover, Event-1 could reduce overhead of DL RS and reporting. For example, Event-1 can be used as a trigger to send aperiodic/semi-persistent DL RS in order to find new beams. This operation enables to reduce periodic monitoring of candidate beams. To use Event-1, the NW should configure the absolute value for threshold, but it could be calculated from the communication quality to be maintained. because it is a lower bound. 

Observation 3:
Event-1 can use as a trigger to switch beam and send aperiodic/semi-persistent DL RS in order to find new beams while reducing overhead of periodic DL RS. 

Event-7a and Event-7b can detect the change of activated beam(s), and this information is useful for triggering activated TCI-state switching. By switching the activated TCI-state to the better quality before beam failure occurs, the beam switching can be performed by the DCI when the current beam quality deteriorates. Furthermore, similar to Event-2, Event-7a and Event-7b only use the relative threshold on beam quality between the activated beam and new beam(s). This relative threshold is easier to set compared to the absolute one used in the other events. 

Observation 4:
Event-7a and Event-7b can use as a trigger for activated TCI-state switching and its threshold is easier to set compared to the absolute one used in the other events. 

From the above discussion, we propose the following: 

Proposal 5:
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, support Event-1, Event-7a and Event-7b.
· Event-1: Quality of the current beam is worse than a certain threshold.
· 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.


3 Conclusion
In this contribution, we showed our discussions on the enhancements for UE-initiated/event-driven beam management. Based on above discussions, we have the following observations and proposals:

Observation 1:
To reduce unnecessary beam switching, the quality of the current beam is preferred to be included in the beam report for Event 2. 

Observation 2:
Whether the current beam is counted in the N reported beams depends on which option(s) to be supported. 	
· For Option-1, 1b and 2, the current bean should not be counted in the N beam(s).
· For Option-1a and 3, the current beam can be included in the N beams.
· If the reports for the current beam become mandatory, the definition of N for Option-1a and Option-3 becomes N  {2, 3, ..., Nmax} and N ≥ 2, respectively.

Observation 3:
Event-1 can use as a trigger to switch beam and send aperiodic/semi-persistent DL RS in order to find new beams while reducing overhead of periodic DL RS. 

Observation 4:
Event-7a and Event-7b can use as a trigger for activated TCI-state switching and its threshold is easier to set compared to the absolute one used in the other events. 

Proposal 1:
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. Regarding RS measurement for the new beam for Event-2, support Option-3a and Option-3c. 
· 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-3c (implicit manner): The RS(s) for new beam(s) are implicitly derived from QCL RS(s) of configured TCI state(s).

Proposal 2:
On beam report transmission procedure for UE-initiated/event-driven beam reporting, 1-bit first PUCCH should be supported for Mode-A and Mode-B. 

Proposal 3:
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, support Option-3. 
· 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 

Proposal 4:
On UE-initiated/event-driven beam reporting, regarding UL signaling content(s) of L1-RSRP report depending on Event-2, the measurement results for current beam can be enabled by gNB. 

Proposal 5:
On UE-initiated/event-driven beam reporting, regarding trigger-event detection for beam reporting, support Event-1, Event-7a and Event-7b.
· Event-1: Quality of the current beam is worse than a certain threshold.
· 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.
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