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Introduction
The WI for R19 MIMO was approved in RAN-102 meeting, and the detailed objectives [1] are as follows:  
The detailed objectives are as follows:
RAN1:
1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]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

2. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
a. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
b. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
c. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

3. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
a. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
 
4. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.

5. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
a. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 

While in this contribution, we will discuss the UE-initiated/event-driven beam management for reducing overhead and/or latency. 
UE-initiated/event-driven beam management
UL signaling content(s) for UE-initiated/event-driven beam reporting 
In Rel 15/16 beam report, RS resource index (SSB index or CSI-RS index) and report quantity (L1-RSRP or L1-SINR) are supported to be reported. And in BFR, only the RS resource index of the new beam can be indicated to NW explicitly via UL MAC CE or implicitly via contention free based RA procedure. Thus, in order to reduce overhead and/or latency, the UL signaling content(s) for UE-initiated/event -driven beam reporting should include the RS resource index and L1-RSRP/L1-SINR at least.
In Rel 17 beam report, for multi-panel UE, it is benefit to report the panel ID, i.e., the maximum supported number of SRS antenna ports. Which can be used to indicate the information of panel selection/activation to NW. therefore, for UE initiated/event-driven beam reporting, the maximum supported number of SRS antenna ports should also be included.
Proposal 1: Support the following legacy UL signaling content(s) for UE initiated/event-driven beam reporting.
· SSBRI/CRI
· L1-RSRP/L1-SINR
· The maximum supported number of SRS antenna ports
In addition to the legacy contents, there is some other possible new content. In Rel 17, during the discussion in MPE, the RS resource index of the candidate beam and the power back off value can be reported via UL MAC CE. Considering the unified TCI state framework in Rel 17, the unified TCI state type can be joint or separate. And the unified TCI state type can be configured by NW via RRC signaling. While for UE initiated/event-driven beam reporting, first it needs to decide whether the unified TCI state type can be updated by UE initiated/event -driven beam reporting. In our point of view, considering the MPE issue and UE panel selection, it is better to support to update the unified TCI state type based on UE initiated/event-driven beam reporting. 
If the unified TCI state type is configured or indicated as ‘separate’, as for TCI state update, it is also possible to update only the DL TCI state, only the UL TCI state, or both the DL TCI state and the UL TCI state. Since UL TCI state updating is also important as well as DL TCI state updating. Thus, for UE initiated /event driven beam reporting, it is also necessary to indicate the reported RS resource index can be used as DL TCI state or UL TCI state by reporting the power backoff value because of MPE. And the beam reporting for DL TCI state updating can be triggered by different event from that of UL TCI state updating. 
Observation 1: It is beneficial to report the power backoff value because of MPE in the UE initiated/event-driven beam report. 
And also since it is a UE initiated/event-driven beam reporting, it is necessary to define some events for beam reporting triggering. And different event means different reason for beam reporting. In order to provide more information to NW, it is better to report the triggering event ID.
Observation 2: Triggering event ID can be the UL signaling content(s) for UE initiated/event-driven beam reporting. 
Proposal 2: Support the following new item as the content(s ) for UE initiated/event-driven beam reporting:
· Power backoff value because of MPE
· Triggering event ID
UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission
During the discussion in RAN1-116 meeting, the following options can be further studied as for the UL signaling/container for 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.
· 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. 
· 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-4a (UCI in pre-configured resource(s) only used for UEI beam report):
· Step 1: UE transmits the beam report in the pre-configured resource(s), if trigger event occurs or up to UE implementation. 
· Note: Whether the resource(s) are dedicated to a UE or shared with other UEs.
· 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.
Note: Whether UE receives acknowledge information with response to each step for all options. 
Option 1 is proposed to use MAC CE, and the other options are proposed to use UCI. First, we would like to analyze the pros and cons of the MAC CE and UCI. For MAC CE, the application time is longer than UCI which is not benefit for latency reduction. But the specification impact is little. It can be carried by CG-PUSCH or DG PUSCH. If there is available CG PUSCH resource, as mentioned by Option 1, UE can transmit the beam report via UL MAC CE by CG PUSCH directly. Else, UE can transmit a SR or RA Msg 1 to require PUSCH resource. Legacy procedure can be reused. While for UCI, the latency can be reduced for beam report. But NW needs to know UCI will be transmitted on which resource because of the different transmission format and resource efficiency. With Option 2, UCI will be carried on dynamically scheduled resource, in addition to the problem of latency, new UL channel needs to be specified. With Option 3, latency can be reduced but new UL channel needs to be specified. With Option 4a and 4b, in our understanding, the pre-configured resource for both options can’t be released in time. But the resource efficiency of Option 4b is higher than Option 4a.
Table 1, analysis on different signaling medium/container
	Medium/container
	Pros 
	Cons 

	Option 1
	· Less spec impact 
· High resource efficiency 
	· Long latency

	Option 2
	· High resource efficiency 
· Short latency
	· New UL channel

	Option 3
	· High resource efficiency 
· Short latency
	· New UL channel 


	Option 4a
	· Short latency
	· low resource efficiency

	Option 4b
	· Short latency
	· medium resource efficiency
· complicated UCI design


Proposal 3: Support beam report carried by UCI to reduce latency. 
As for the UCI scheme, we prefer Option-2 (dynamically scheduling UCI by gNB) and Option-3 (UCI in pre-configured resource(s) for first and/or second UL channel). Option-2 has advantage on high resource efficiency but it needs DCI to schedule the UL resource which may introduce new latency. Option 3 can also be divided into Option 3a and Option 3b. With Option 3a, there will be no collisions. But in order to improve the resource efficiency, the gap between first UL channel and the pre-configured UL resource should be not so short that NW have no time to reschedule the UL resource for other purpose. Thus for the aspect of latency, we don’t see much difference between Option 2 and Option 3a. While with Option 3b, if there is a collision, the latency will be increased to more than that of Option 2 since UE need to wait for the UL resource in the next period. At this meeting, we suggest to consider Option 2 and Option 3, down-selection may be necessary after more details cleared.
[image: ]
Figure 1, latency of Opt 2 and Opt 3
Proposal 4: Support beam report by UCI on both dynamically scheduled UL resource and pre-configured UL resource. 
In order to further reduce the latency, it is better to use the pre-configured resource. But the problem is the resource efficiency. If there is no beam report transmission, the resource will be wasted. In order to improve the resource efficiency, the first way is to schedule the resource when needed and the second way is to pre-notify the NW which pre-configured resource will be used so NW can release the un-used resource for other purpose. For either way, before the beam report transmission by UCI, a first UL channel is necessary. As for the design of the first UL channel, there will be some options. Option 1 is the preamble for RA, and Option 2 is the SR or a new UCI on PUCCH. For Option 1 with preamble transmission, it is better to configure a dedicated RA resource or preamble for beam report notification. And for Option 2 with SR or new UCI, also a dedicated SR should be introduced.
Proposal 5: Consider contention-free RA or PUCCH as the first UL channel. 
With contention-free RA, there is no multiplex issue with other channel/signal, and the latency can be very short. But the problem is dedicated RA resource will be used which will reduce the dedicated RA resource for other usage, such as handover, BFR. While for dedicated SR, the multiple issue with other SR, such as traditional SR for UL data transmission, SR for BFR, SR for LBT, etc., should be solved. Anyway, the legacy SR was used for requesting PUSCH resource with UL-MAC CE or data. But the dedicated SR for beam report will be used for requesting PUCCH resource or PUSCH resource with UCI. It needs to let NW know the requested UL resource will be used for UCI transmission. Thus if there is an overlap with dedicated SR for beam report and legacy SR, both SRs should be transmitted if dedicated SR for beam report is used for requesting PUCCH resource and dedicated SR for beam report will be transmitted at least if it is used for requesting PUSCH resource for UCI transmission.   
Proposal 6: The multiplex between the first UL channel and legacy UCI should be discussed.
Events for UE-initiated/event-driven beam reporting
In RAN1-116 meeting [2], the following agreements on events are archived. 
As for the four events listed in the agreement, each one can be used for different scenario similar as events for RRM measurement report. Therefore, for UE event triggered beam report, we think more than one event can be defined.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

First, Event-1 should be supported, since it is unnecessary to monitor the candidate beams if the quality of current beam is good enough and it can reduce RS overhead as well as UE measurement complexity. For example, after RRC connection, UE can be configured to monitor the current beam with Event-1. Only when beam report is triggered by Event-1, NW will configure more measurement RSs for candidate beams selection to UE with another Event, i.e., one event from Event-2 to Event-4. 
While for Event-2 to Event-4, all of these can be used for new beam selection. But the best one is Event-2 which means the current beam can be switched to a new beam. As for Event-3, it can be used to add more new beams. For example, there is only one beam in the first beam report since only beams with quality better than a threshold can be reported. And then Event-3 can be used to add more new beams. But if the threshold in Event-2 is configured as a negative value, it can also be used to add more new beams. Therefore, Event-2 is more efficient and can be used for different scenario. As for Event-4, similar as for RRC measurement report, it is suitable for inter-frequency beam switching. But for intra-frequency beam switching, Event-2 is efficient. 
Proposal 7: Support at least Event-1 to trigger beam measurement configuration on candidate beams and Event-2 for new beam selection.
As for the measurement resource, the following agreements are archived in RAN1-116 meeting. Only SSB and periodic CSI-RS was supported, but Semi-persistent CSI-RS and aperiodic CSI-RS are FFS. Based on our analysis above, it is unnecessary to monitor the candidate beams if the quality of current beam is good enough. It means that only the periodic resource for current beam is necessary. While for candidate beam, the semi-persistent and aperiodic CSI-RS can be supported. for example, when the beam report triggered by Event-1 is received, NW will activate or trigger semi-persistent or aperiodic CSI-RS for candidate beam measurement. In this case, the RS overhead and measurement complexity and UE side can be reduced. 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.

Proposal 8: Semi-persistent CSI-RS for candidate beam measurement can be supported.
As for the definition of the current beam, there are more options. First issue is whether it is configured explicitly or decided by UE implicitly? As for BFR, both explicit configuration and implicit decision can be supported. But in our point of view, there are some problems for explicit configuration. Since explicit configuration is configured based on RRC, but the current beam can be changed more dynamically. Thus for current beam, we prefer to decided it implicitly. And the second issue is how to decide the current beam implicitly, e.g., by indicated/activated TCI state, or the beams in last beam report, or by the TCI states of CORESETs? 
· Opt 1: decided by the indicated DL/Joint/UL TCI state
· Opt 2: decided by the activated DL/Joint/UL TCI states 
· Opt 3: decided by the TCI states of CORESETs
For Opt 1, since the indicated TCI state will be used for multiple channels/signals, it is better to monitor the quality of this beam. For Opt 2, NW can indicate any one of the activated DL/Joint/UL TCI states dynamically by DCI, thus it is reasonable to guarantee the quality of the activated DL/Joint/UL TCI states. But the number of the activated DL/Joint/UL TCI states may be large, up to 16. While for Opt 3, it is similar as BFR, but we think the set of current beam should be different from that of BFR since BFR is a more serious problem than new beam report triggering. But Opt 3 can be covered by Opt 2.   
Proposal 9: Support to decide current beam implicitly, e.g., based on beams associated with indicated/activated TCI states.
While for the number of beams in each beam report, we prefer the variable number of beams in each beam report. Since it is not sure how many beams can satisfy the event, and only the beam satisfying the event can be reported in addition to the quality of the current beam. 
In unified TCI state framework, the unified TCI state type can be joint or separate. And it is configured by NW. Actually, it is UE that knows the latest information of whether the TCI state can be both the DL TCI state and the UL TCI state at the most time. For example, because of MPE or panel switching, UE need to update the UL TCI state, but the DL TCI state can be kept. In this case, separate TCI state should be applied. 
In order to let NW know the reported RS resource index can be applied for DL TCI state and/or UL TCI state, UL MAC CE with MPE and related triggering condition is specified in legacy. Thus, for the triggering event for beam reporting for DL TCI state updating, L1-RSRP and L1-SINR can be considered as the quality. But for the triggering event for beam reporting for UL TCI state updating, also L1-RSRP or L1-SINR will be supported and the MPE value can be reported in the UE initiated beam report as well as in UL MAC CE based on the legacy MPE report.
Proposal 10: Define L1-RSRP/L1-SINR as quality metric.
As for the filtering, we don’t think L3 filtering is necessary for event detection since it is for beam report, not for RRM report. In addition, L1 filtering can be supported and it should be up to UE implementation. In order to guarantee the necessity of the beam report triggered by the event, a timer or a counter can be used. For example, if the event is detected in contiguous N time instances, beam report will be triggered. Or a timer can be started upon the event is detected at the first time instance, and before the time expired, the event is detected in more than N time instance, then the beam report will be triggered. 
Proposal 11: For event detection, L3 filtering is not supported. Some mechanism based on timer/counter can be considered to guarantee the reliability.
Upon detection the event, UE will trigger a beam report. But it is possible that the same beam satisfies the triggering condition of the same event during a long time period. In this case, same content in multiple beam reports will be sent to NW. In order to further reduce the signaling overhead, it is necessary to define a rule to avoid or reduce the number of repetitions of the beam report. For example, to define a maximum number of beam reports or a minimum time gap between two adjacent beam reports.
Proposal 12: Consider a mechanism to avoid or reduce the number of repetitions of beam reports with the same content when the same beam triggering the same event contiguously during a time period.
Conclusion
In this contribution, we discuss about UE initiated/event-driven beam reporting. Based on above discusses, we provide the following proposals.
Proposal 1: Support the following legacy UL signaling content(s) for UE initiated/event-driven beam reporting.
· SSBRI/CRI
· L1-RSRP/L1-SINR
· The maximum supported number of SRS antenna ports
Observation 1: It is beneficial to report the power backoff value because of MPE in the UE initiated/event-driven beam report. 
Observation 2: Triggering event ID can be the UL signaling content(s) for UE initiated/event-driven beam reporting. 
Proposal 2: Support the following new item as the content(s ) for UE initiated/event-driven beam reporting:
· Power backoff value because of MPE
· Triggering event ID
Proposal 3: Support beam report carried by UCI to reduce latency.
Proposal 4: Support beam report by UCI on both dynamically scheduled UL resource and pre-configured UL resource. 
Proposal 5: Consider contention-free RA or PUCCH as the first UL channel. 
Proposal 6: The multiplex between the first UL channel and legacy UCI should be discussed.
Proposal 7: Support at least Event-1 to trigger beam measurement configuration on candidate beams and Event-2 for new beam selection.
Proposal 8: Semi-persistent CSI-RS for candidate beam measurement can be supported.
Proposal 9: Support to decide current beam implicitly, e.g., based on beams associated with indicated/activated TCI states.
Proposal 10: Define L1-RSRP/L1-SINR as quality metric.
Proposal 11: For event detection, L3 filtering is not supported. Some mechanism based on timer/counter can be considered to guarantee the reliability.
Proposal 12: Consider a mechanism to avoid or reduce the number of repetitions of beam reports with the same content when the same beam triggering the same event contiguously during a time period.
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