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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]According to the WID [1], the enhancement of beam management would be discussed in perspective of UE-initiated procedure. In the contribution, we address our view for the below issues. The contents are aligned with our comments in the pre-meeting email discussion [2], which kindly summarizes companies’ preferences.
	· [bookmark: _Hlk145555364]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
· UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
· UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting



2. Discussion
2.1. UL signalling content(s) facilitating fast beam switching
	Agreement 116
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.


Regarding SP-/A-CSI-RS, aperiodic CSI-RS is triggered by an UL grant with aperiodic CSI report. In this sense, UEI reporting with aperiodic CSI-RS may not be appropriate because the UE needs to see a set of resources and choose one when a condition is met. In any case, UE generates CSI report(s). Perhaps UEI reporting can be updated with aperiodic CSI-RS receptions by accumulating more samples, it may not always satisfy processing timeline. 
A-CSI-RS has not been used for beam reporting and its performance requirement is not specified yet. Periodic CSI-RS may have a stable timeline but SP-CSI-RS may have a transient timeline and at last possible pre-processing for L1-RSRP (or L1-SINR) should have an impact. RAN1 might require additional time unit to converge.
[bookmark: _Ref162361235]Proposal 1: Not support A-CSI-RS for UEI reporting.
Semi-persistent CSI-RS can be more promising because it implies multiple RS occasions and its associated reporting resources. We think that SP-CSI-RS may be well suited to SP-CSI reporting except the fact that periodic CSI-RS is used for beam reporting. In our view, besides periodic CSI-RS, UEI reporting would be common to legacy periodic/semi-persistent reporting, and we do not see a strong need to support semi-persistent CSI-RS for UEI reporting. We note that condition(s) to add/mod/release some of condition(s) are not excluded by the previous agreement. RRC reconfiguration sets some conditions and their parameters, while MAC CE based indication of conditions and their parameters can manage more dynamically. We would discuss whether to have semi-persistent UEI reporting separately.
[bookmark: _Ref162361196]Observation 1: It seems no strong needs to support SP-CSI-RS for UEI reporting.
[bookmark: _Ref162361240]Proposal 2: Discuss semi-persistent UEI reporting separately.
Regarding L1-SINR, the UE can compare L1-RSRP of multiple DL-RS resources, or tracking L1-RSRP of a DL-RS resource. The event can be an abrupt change of L1-RSRP of some DL-RSs. Then UE can suggest a substitute DL-RS resource by using UEI reporting, and the reporting contents may include multiple L1-RSRP values. L1-RSRP can represent the signal strenth dynamically, and it may not reflect the interference. We prefer to support interference-limited scenario and we support L1-SINR just as legacy beam reporting used. We think that existing CSI resource framework can be reused. Rel-16 SINR assumption can be sufficient, and we think it is flexible enough and can be regarded as being verified already.
[bookmark: _Ref162361241]Proposal 3: In addition to L1-RSRP, support L1-SINR with no further restriction.
If L1-SINR is supported to this feature, then we strive for a unified design between L1-RSRP and L1-SINR. Filtering operation using L1-RSRP may (or may not) be introduced, and correspondingly, L1-SINR can also be applied (or not).
Regarding filtering operations for L1-RSRP, in our understanding, L1 filtering operation would imply any operation to slow down L1 measurement report (MR). Recall from L3 filtering, linear combination for low pass filtering is performed to a quantity for RRM that the physical layer delivers to the upper layer. The RRM quantity is used to determine an event such as handover. In addition there are threshold and hysteresis parameter to adapt frequent event triggering. We observe that the current handover trigger is rather conservative.
Likewise, L1-RSRP based preprocessing or filtering or counting were proposed before declare an event, and we agree in principle to introduce filtering of L1-RSRP. Similarly to L3 events, quite frequent reporting can be relieved.
However, we are discussing UE-initiated beam reporting and it can be more dynamic in some sense. L1 filtering may reduce a reporting rate, but it may also be solved by other alternatives. For example, a threshold for determining an event may be controlled to avoid unnecessary reporting, or an UL medium may be adjusted for the same purpose. 
Furthermore, L1-RSRP can be reported in the UEI reporting according to the agreements. A triggering metric is a possibly filtered L1-RSRP but an instantaneous L1-RSRP is reported, at least in our understanding, which are different. The discrepancies between two metrics may lead to different network operations. The UE initiated beam reporting or network initiated beam reporting may be very similar except which node triggers the beam reporting. In this perspective, filtering operation may not occur at UE and can be performed at the serving gNB following the legacy specification.
[bookmark: _Ref162361200]Observation 2: Reporting filtered L1-RSRP can be considered if filtered L1-RSRP is used to trigger.
We think that UE-side filtering or gNB-side filtering can be compared and their trade-off may be further studied. In terms of filtering itself, the legacy behavior can be interpreted to include filtering because DL RS is received and L1-RSRP is derived assuming CSI reference resources. This derivation can be considered as filtering. If measurement restriction is configured, then L1-RSRP can represent one sample, and it can also be considered as filtering. 
[bookmark: _Ref162361207]Observation 3: L1 filtering has been considered in the legacy behavior, and additional L1 filtering for UEI reporting can be performed at serving gNB.
Frequent events cause frequent triggering, but we can reduce reporting rate by restricting transmission parameters. For instance, a same event type with the same RS can be reported at minimal interval. For instance, a same event type with different RS resources can be reported by using legacy UCI multiplexing/prioritization. It may or may not update its report quantity if CSI processing units are not available at those timeline. More details can be discussed in the next section.

	Agreement 116
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.


The triggering condition and reporting quantity are inter-related issues and the last meeting has some discussion regarding which one goes first. At last we agreed L1-RSRP because any triggering condition may use this quantity, and the RAN1 finally listed four events above. Those events remind legacy handover events.
If Event-1/-2/-3/-4 are all trigger events, then we can adopt one by one depending on number of supporting companies. However, if there is other event, then we have to firstly decide whether those events are on the same level. For instance, BFD-like or beam refinements-like events are not yet precluded. If some of other events are supported such as based on counting, then different pre-processing schemes would be performed. We prefer to strive for a unified design between multiple events.
Regarding specific events, we prefer to support at least Event-2. Event-1 and Event-3 request beam switching and its quality, and Event-2 indicates alternative beam and its quality. Event-4 tells a combination of Event-1 and Event-3. The threshold can be optimized to insensitive triggering, whose value will be configured as an outcome of careful implementation. In our understanding, each event of L3 layer has own benefit for mobility support. Similarly, with a context of introducing potential mobility support of L1 layer, all events may have own corresponding events.
[bookmark: _Ref162361244]Proposal 4: Support Event-2, and further discuss Event-1/-3/-4.
[bookmark: _Ref162361245]Proposal 5: Multiple events are supported, and one or more events can be reported in the same UEI report.


	[bookmark: OLE_LINK135]Proposal 1.1 (offline): 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 current beam for Event-2, down-select one or more of the following:
· Option-2a (implicit manner): The RS for current beam is implicitly derived from a QCL RS of indicated TCI state.
· Option-2b (implicit manner): The RS(s) for current beam(s) are implicitly derived from QCL RS(s) of activated TCI state(s). 
· Option-2c (explicit manner): The RS(s) for current beam(s) are explicitly configured by RRC or MAC-CE.
· 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 MAC-CE
· FFS: Additional restriction, e.g., excluding current beam from the configured RS set.
· 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).
· FFS: Whether/how to specify the combination between above RS measurement options for new and current beam(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.


In the case of Event-2, further clarification was discussed in [2]. We capture the portion of Proposal 1.1.
Regarding RS measurement, we prefer to discuss explicit RS index for both current and target beam indication. We think that beam measurements are performed by SSB or CSI-RS and at least its resource id or its derivative can be explicitly contained in the UEI report. If TCI state index describes the current beam, then its qcl-typeD source RS can be derived and its id can be explicitly contained in the UEI report. 
Majority companies may think that implicit solution is supported only and we understand the way of indicating RS resource id from TCI state index. However, in our view the work item scope does not exclude non-TCI legacy framework, and in this stage, we support explicit indication as well because the L1-RSRP can be directly measured by the measurement RS. 
Regarding the measurement options for new and current beams, a specific event depends on those combinations. For example, some restriction may valid for Event-2 but further restriction should be introduced for other Events. We suggest to keep FFS until more progress on Events are made.
Proposal 6: Further consider explicit derivations for RS measurement for UEI reporting.


2.2. UL signalling medium/container for beam reporting
The legacy specification supports beam reporting by CSI report configurations. Beam strength can be measured by L1-RSRP or L1-SINR. The measurement is based on CMR and IMR. The reporting can be contained by PUCCH or PUSCH depending on UL multiplexing, and semi-persistent reporting or triggered reporting is contained by PUSCH. 
In other perspective, the legacy BFR can be initiated by PRACH or LRR per serving TRP. The UE detects the beam failure and search for a new beam in the candidate RS list. The metric is BLER of an assumed PDCCH. The UE finds an UL resource, i.e., RO or PUCCH, that is associated with the chosen new beam. If PRACH is used, then remaining BFRR procedure is performed, and further reporting may not be necessary. If PUCCH is used, then the UE can recommend its new beam by MAC CE.
If UEI reporting is introduced, then a main motivation is to reduce latency. We can consider the dynamic granted UL transmission requires a delay. UEI reporting means that an event occurred and the serving gNB does not notice the event. The UE have to transmit an SR and the serving gNB indicates and trigger the appropriate action. 
With the legacy SR, the gNB does not distinguish whether an event occurred or some buffers are non-empty. A specific SR resource can be configured per LCG and does not have further information a specific logical channel is concerned. Similarly, with the legacy LRR, the gNB may not recognise a failed link precisely without succeeding UE reports. 
The Figure 1 illustrates the potential latency between different alternatives. We discuss pros and cons for each alternative and derive observations. A latency is measured after a condition to detect the event is met till the UL channel is received.



[bookmark: _Ref162358670]Figure 1: Example of alternatives for different UEI reporting

If UEI reporting is included in the MAC CE, as in Alt a, then we believe that an enhanced SR can be introduced in order to explain enough information about the event and few more details such as TRP and serving cell. In case of UCI reporting can be included as UCI, then we can also consider an enhanced SR to provide information about the event. 
Existing SR does not give enough information of the event and instead the trigger configuration for SR needs to be enhanced. Any detected event triggers a SR (having possibly legacy SR resource) and the serving gNB can trigger the detailed buffer status report.
In Alt a, we would like to emphasize the gNB intervenes the UEI reporting and UE firstly hints what happened or may piggyback some essential part of UEI-BM. The serving gNB can determine the sufficient size of resources and dynamically indicate via DCI to UE. The remaining part of UEI-BM is carried by PUCCH or PUSCH. UEI-BM can be UCI or MAC-CE in the Alt a. In our view the essence is to allow dynamically indicate the medium for UEI-BM. This would increase the latency and would efficiently exploit the UL resource.
[bookmark: _Ref162361247]Proposal 7: An enhanced SR resource configuration should introduced to imply the event-related information if any, or an enhanced SR trigger condition can be introduced.
If UEI reporting is included in the UCI or the MAC CE, as in Alt b, then we can consider partitioning into two parts, and each part corresponds to UCI or MAC CE. It is similar to the above reasoning because the UCI has to have a function of SR and also of a part of reporting. The MAC CE may have the other part of reporting. In order for this perspective to be meaningful, the latency should be less than a latency that an SR causes a UL grant on average. Thus, this approach has to reserve an PUSCH relative to the UCI. This reminds us a MsgA, which was introduced to reduce latency and conceptually combines Msg1 and Msg3. It is because former PUCCH implies the existence of latter PUSCH. Also, we have to discuss a careful balance between UCI and MAC CE for beam reporting. In this alternative, UCI should include a meaningful portion of the whole beam reporting.
[bookmark: _Ref159131087]Also, we have to discuss a careful balance between UCI and MAC CE for beam reporting. In this alternative, UCI should include a meaningful portion of the whole beam reporting.
[bookmark: _Ref162361211]Observation 4: For two step reporting, a tight coordination between first part and second part of UEI-BM should be introduced.
If UEI reporting is included in the UCI or MAC CE, as in Alt c, then the latency can be definitely reduced. Some companies comment contention-based approach is required since the large payload, however we note that the Alt c does not waste UL resource more than legacy CSI report. CRI-RI-PMI-CQI reporting on PUCCH can be a good example. However, we also agree that it is critical to reduce the size of UCI payload. 
In our understanding, the beam indication or L1-RSRP (or potentially L1-SINR) reporting have a constant size, but it can be large if the serving gNB configures sufficient number of RS resources. Thus, we believe that variable-sized reporting should be introduced, e.g., UE reports only when an event is detected. The details would depend which events are discussed. For example, if beam indication is considered, then UCI can be a TCI state index, and it has a constant size. If beam measurement is considered, then UCI can be SSBRI and L1-RSRP, and it may have multiple SSBs that have met a certain condition.
If this beam reporting can have variable size, then the UCI needs to contain both size information and beam reporting. The total number of UCI bits should be fixed to encode/modulate. This approach also requires a good guess of the worse payload size, and also size information tells the size of beam information, which will result in a new UCI type.
We can also consider a configured grant PUSCH. The serving gNB can configure/activate a set of CG PUSCH to reduce latency. This would definitely reduce the latency with excessive resources. It is noted that for latency reduction the periodicity can be low enough but UL skipping can be made frequently if an event does not occur. Also, CG PUSCH reserves DM-RS resources and it leads to waste UL resources. On the other hand, the serving gNB does not have to decode the TB CRC and need to demodulate DM-RS to determine whether 
Comparing three alternatives above, the potential SR/BSR enhancement or MAC CE enhancement may not be RAN1 scope, however the UCI enhancement can be part of RAN1 scope. Before going into the detailed discussion, we suggest that the signalling contents or the event should be clarified. 
[bookmark: _Ref159131097]Proposal 8: UCI based approach is preferred, while MAC CE based approach is up to a RAN2 outcome.
[bookmark: _Ref159131098][bookmark: _Ref162361216]Proposal 9: Down-select between one-step reporting and two-step reporting, and further discuss UCI and MAC-CE for medium.

	Proposal 3.1 (offline): On beam report transmission procedure for UE-initiated/event-driven beam reporting, further study at least of the following aspects for beam report transmission:
· 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 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
· Option-3 (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. 
· 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. 



In the case of reporting, further clarification was discussed in [2]. We capture the portion of Proposal 3.1. Our views are already captured in [2]. We have a comment for listing options. The MAC-CE or UCI discussion also have the one-step or two-step approach. For Option-1, as Note mentions, both one-step and two-step UEI reporting are not down selected. For Option-2/-3, two-step UEI reporting is supported. For Option-4a/-4b, one-step UEI reporting is supported. Our preference is the resource efficiency and latency reduction can be already reduced by UEI reporting itself. For periodic reporting, the reporting interval or UL dropping may prevent the serving gNB from intervening the proper beam management, while UEI reporting has no such latency. We also point out that we are not meeting a concrete latency requirement, i.e., it is not like URLLC requirement, and we are making an improvement.
3. Conclusion
We address our initial view about UE initiated reporting.
Proposal 1: Not support A-CSI-RS for UEI reporting.
Observation 1: It seems no strong needs to support SP-CSI-RS for UEI reporting.
Proposal 2: Discuss semi-persistent UEI reporting separately. 
Proposal 3: In addition to L1-RSRP, support L1-SINR with no further restriction.
Observation 2: Reporting filtered L1-RSRP can be considered if filtered L1-RSRP is used to trigger.
Observation 3: L1 filtering has been considered in the legacy behavior, and additional L1 filtering for UEI reporting can be performed at serving gNB.
Proposal 4: Support Event-2, and further discuss Event-1/-3/-4.
Proposal 5: Multiple events are supported, and one or more events can be reported in the same UEI report.
Proposal 7: An enhanced SR resource configuration should introduced to imply the event-related information if any, or an enhanced SR trigger condition can be introduced.
Observation 4: For two step reporting, a tight coordination between first part and second part of UEI-BM should be introduced.
Proposal 8: UCI based approach is preferred, while MAC CE based approach is up to a RAN2 outcome.
Proposal 9: Down-select between one-step reporting and two-step reporting, and further discuss UCI and MAC-CE for medium.
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