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1	Introduction
The scope of NR MIMO phase 5 was endorsed in RAN#102 meeting including the following objective:
1. [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
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 RAN1#116 and RAN1#116bis, some agreements were made on a few basic aspects related to UE-initiated/event-driven beam management.
In this contribution, we discuss some fundamental issues and our views related to UE-initiated or event-driven reporting. 
[bookmark: _Ref178064866]2	Discussion
Ever since Rel-15, NR supports intra-cell and inter-cell mobility. The procedures related to intra-cell mobility are called beam management, and involve periodic, semi-persistent and aperiodic beam measurements, which are used as a basis for beam indication signalling from the NW to the UE. Inter-cell mobility, also known as L3 mobility, relies on event-driven reporting, which is used as a basis for inter-cell handover. With event-driven reporting, the UE continuously evaluates the quality of DL reference signals, and only if certain conditions are fulfilled, the UE sends a report to the NW. This event-driven reporting significantly reduces signalling overhead.
For intra-cell mobility, there is no event-driven reporting specified. The motivation would be to reduce the signalling overhead while maintaining reasonably fast discovery of changing propagation conditions. As soon as the UE discovers that the propagation conditions have changed, the UE would notify the NW.
When discussing UE-initiated reporting, it is useful to study the three main event-driven frameworks we have in NR today:
The L3 reporting used as a basis for mobility decisions, where the events are based on filtered measurements of RSRP, RSRQ or SINR. The report is only sent once (or a fixed number of times), even if the condition is still fulfilled. The report content is quite flexible: both the cell quality of triggered cell(s) is included, as well as L3 filtered beam measurements on other reference signals. The report is reliably sent over RRC.
Power headroom reporting, which is used to inform the NW that the power headroom, i.e., the amount of available transmit power has changed. This report can be triggered when the difference between the current and the previous pathloss is larger than a configurable value. The power headroom report triggering is also controlled by timers, to avoid too frequent triggering. 
The BFR procedure, which was introduced in Rel-15, and subsequently extended in Rel-16 and Rel-17. In BFR, the UE evaluates the quality of a specific reference signal, and if the quality of that reference signal consecutively falls below a certain threshold a certain number of times, the UE declares beam failure. In SCell BFR, the UE subsequently informs the network about a new beam by transmitting a measurement report using MAC CE.  
2.1	Event
The three events in NR described in the beginning of section 2 have one thing in common: the triggering conditions are specified in the standard. The conditions under which the UE shall initiate the transmission of a L3 measurement report or power headroom report, or to trigger radio link or beam failure, are clearly described in different specifications, either in the RRC specification, or in the MAC specification. In other words, the triggering is not up to UE implementation. 
We propose to maintain this principle also for UE-initiated beam reporting:
[bookmark: _Ref166225242][bookmark: _Toc166242053]The event(s) for UE-initiated beam reporting are specified in the standard, i.e., the events are not up to UE implementation. 
Note that Proposal 1 implies that it must also be specified which measurements the UE uses to trigger the event:
[bookmark: _Toc166242044]The measurements the UE uses to trigger the event must also be specified, i.e., not up to UE implementation.
Up till now, all events have been captured in RAN2 specifications. This includes beam failure detection, where L1 provides indications to MAC, which are then counted. Based on the counting, beam failure is then declared in MAC, and the associated actions are initiated in MAC. A similar solution has been adopted for radio link monitoring, where L1 provides indications to RRC, and RRC initiates the relevant actions. We do not see any reason to deviate from this principle for UE-initiated beam reporting:
[bookmark: _Ref161996518][bookmark: _Toc166242054]The triggering of the UE-initiated beam reporting is captured in a RAN2 specification. 
2.1.1	Further details on event-2
In RAN1#116bis, the following agreements were reached
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

The first FFS in the first agreement is related to how the L1-RSRP is used to determine the triggering event. One option is to directly use the L1-RSRP in the event – if the L1-RSRP of a new beam becomes threshold better than the current beam, the event is immediately triggered. The other option is to require that the UE performs some operation based on the measured L1-RSRP, for example additional filtering. With filtering, the event is not necessarily triggered on a single measurement sample: instead, multiple measurement samples can be considered, which reduces the risk to trigger an event, and potentially a TCI state update based on an erroneous measurement sample. Note that if the event is designed carefully, a large fraction of the UE-initiated reports should lead to a NW action, typically a TCI state switch.  
If a beam report should result in a TCI state update, spurious reports must be avoided. There are two main reasons for such spurious reports:
Fast fading: TCI states should not be updated based on fast fading, since such pathloss changes are not persistent. If the TCI state is updated based on fast fading, there is a large risk that the TCI state must be reverted more or less immediately.
Measurement errors: The beam measurements are associated with measurement errors. Acting on a single (erroneous) beam measurement should be avoided. Note that the RAN4 requirements on L1-RSRP and L1-SINR ([3], section 10.1.19) are quite relaxed.
Without proper consideration of these two aspects, there is a clear risk for unnecessary beam reports, and subsequent ping-pong TCI state updates, which should be avoided.
The issue of spurious RSRP measurements were acknowledged in the design of the event-driven reporting for L3 mobility, already in 3G. The solution is based on IIR filtering of the RSRP measurements, and to trigger a report, the filtered measurements must fulfil the condition for a configured time, the time-to-trigger. With these two measures, the number of spurious reports and ping-pong handovers is reduced. 
Another type of filtering is used for beam failure detection, where the UE evaluates the quality of a specific reference signal, and only if the quality of that reference signal consecutively falls below a certain threshold a certain number of times, the UE declares beam failure: a single measurement is not enough to trigger beam failure, or by requiring that multiple consecutive measurement of a new beam is threshold better than the current beam. 
[bookmark: _Ref165381947][bookmark: _Toc166242045]The L3 filtering and the beam failure detection counter are two examples of filtering.
In Figure 1 we illustrate the issues related to spurious RSRP variations. The figure shows a six-minute measurement of RSRP in a mmW system for a pedestrian UE. The DL data is transmitted in 200ms bursts, during which the UE reports measurements every 40ms which the NW may use to update the beam.
[image: ]
[bookmark: _Ref165561216]Figure 1: Illustration of RSRP for a pedestrian UE. Note that the UE sometimes fails to measure the SSB RSRP.
A zoomed-in picture of one 200ms burst is depicted in Figure 2.
[image: ] 
[bookmark: _Ref165639290]Figure 2: Illustration of RSRP for a pedestrian UE during 200ms. During this time, the UE has moved around 18 cm. 
From Figure 2, we realize that the RSRP may very well vary significantly, without moving across the beam pattern: based on these RSRP measurements, the NW should not change the Tx beam – and it does not, since the NW applies additional logic based on the measurement reports.
Introducing filtering may lead to that the report is delayed. This may be a problem in certain cases. It is thus not a good idea to always filter the measurements: when and how to apply filtering should be up to NW configuration. In some cases, the NW may choose to apply filtering, in others not. The specification should allow both options. Based on this, we propose 
[bookmark: _Toc166242055]Support NW-configurable filtering of the measurements that trigger event-driven beam reporting. 
The next level of detail is what type of filter is used. As noted in Observation 2, the L3 filtering in mobility, and the beam failure detection counter are two examples of filtering. We are OK to use either type of filtering.
The next FFS in the agreement from RAN116bis is related to the configuration of the new beams. The preferred configuration for beam reporting is to provide the UE with an explicit list of reference signals and ask the UE to measure on all of them. We see no reason to deviate from this principle when it comes to the configuration of new beams:
[bookmark: _Ref165530845][bookmark: _Toc166242056]For event-2, support at least option 3a: the RS(s) for new beam(s) are explicitly configured by RRC. 
Preferably, the RS(s) for the new beams is configured in one list, which is used irrespective of which TCI state is indicated. Configuring the RS(s) for the new beam(s) inside TCI state seems quite inefficient, and without any benefits.
In the next agreement, RAN1 agreed to support option-2a, where the RS for current beam is implicitly derived from a QCL RS of indicated TCI state. This is an efficient solution, since there is no need to update the current beam separately – the current beam is updated automatically as the indicated TCI state is updated. From the agreement, it is still open on how to derive the RS from the indicated TCI state. Here we propose to support two solutions:
[bookmark: _Ref165385833][bookmark: _Toc166242057]For the RS of the current beam, support the following two solutions: a) The RS of the current beam is the RS in the QCL-info in the indicated TCI state b) The RS of the current beam is the RS that is the QCL source of the RS in the QCL-info in the indicated TCI state.
The NW configures the UE to use either option a) or option b).  
Both options are useful:
· Option a) According to 38.214, the RS in the QCL-info in the indicated TCI state can only be a CSI-RS. In this case, it is reasonable to configure a list of CSI-RSs as new beams, as stated in Proposal 4, and the UE would compare the CSI-RS in the indicated TCI state with the CSI-RSs in the explicitly configured list. However, this requires the NW to transmit CSI-RS in all candidate beams, which is not always possible.
· Option b) To perform UE-initiated reporting based on SSB, it is appropriate to use the RS that is the QCL source of the RS in the QCL-info in the indicated TCI state as current beam and configure a list of SSBs as new beams. The UE would then compare the RSRP of the SSB that is the QCL source of the RS in the QCL-info in the indicated TCI with the RSRP of the SSB in the explicitly configured list.
Note that we should avoid comparing the RSRP measured on different types of reference signals. If we define an event based on SSB, the reference signals for current beam and new beam should both be SSB, and if we define an event based on CSI-RS, the reference signals for current beam and new beam should both be CSI-RS.

The next FFS in the agreement is related to option-2c: the RS for current beam is explicitly configured by RRC or MAC-CE. This option is relevant if we want to define events between current and new beams, where the current beam is unrelated to the indicated TCI state. This would be necessary if we define events based on semi-persistent CSI-RS:
[bookmark: _Toc166242046]To support event based on semi-persistent CSI-RS, the RS of the current beam cannot be determined by the RS in the QCL-info in the indicated TCI state.
Therefore, we propose
[bookmark: _Toc166242058]Support also option-2c: The RS for current beam is explicitly configured by RRC or MAC-CE.
When defining the additional details for option-2c, it is relevant to think about how to support events based on semi-persistent CSI-RS.
2.1.2	Additional events
In RAN1#116bis, the following agreement was made
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 the Rel-17 TCI framework, there are two ways for the NW to update the TCI state of a UE: indication and activation. Both methods are based on measurement reports from the UE, and RAN1 should define events that can be used as a basis for TCI state indication and TCI state activation. Event-2 discussed in section 2.1.1 is designed to provide the NW with measurements reports to change the indicated TCI state, whereas RAN1 so far has not agreed to support an event designed to support maintaining the set of activated TCI states. In Figure 3, we illustrate the set of activated TCI states.
[image: ]
[bookmark: _Ref165535291]Figure 3: Illustration of the activated TCI states. Preferably, the quality of every activated TCI state should be higher than the quality of every non-activated TCI state.
From Figure 3, we realize that to maintain the set of activated TCI states, the UE should inform the NW as soon as one non-activated TCI state becomes better than any of the activated TCI state. This condition is equivalent to that one of the non-activated TCI states becomes better than the worst activated TCI state. This corresponds to event-7a in the agreement from RAN1#116bis, and therefore we propose
[bookmark: _Toc166242059]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.
The UE would derive the quality of an activated TCI in the same way as for the quality of an indicated TCI state:
[bookmark: _Toc166242060]For the RS of an activated TCI state, support the following two solutions: a) The RS of the current beam is the RS in the QCL-info in the activated TCI state b) The RS of the current beam is the RS that is the QCL source of the RS in the QCL-info in the activated TCI state.
Note that report content related to event-7a would be different from the report content for event-2. 
[bookmark: _Toc166242047]The report content would be different for Event-7a and Event-2.
From the list in the agreement, event-1 would also be useful, in particular if L1-SINR is used as a quality metric. At the reception of a beam report triggered by event-1, the NW would trigger additional reporting, e.g., based on aperiodic CSI-RS. Hence, we propose the following event:
[bookmark: _Toc166242061]Support Event-1: the quality of the indicated TCI state becomes worse than a threshold. 
Event-3 corresponds to the L3 event A1 (Serving becomes better than threshold). The NW configures event A1 to determine when to activate a configured SCell. The corresponding functionality is relevant also for MIMO: in this case the UE can perform measurements on a dormant BWP of an activated SCell, and the NW could use the corresponding measurements to bring the BWP out of the dormant state. Therefore, we propose
[bookmark: _Toc166242062]Support Event-3: the quality of a reference signal becomes better than a threshold. 
Such an event could also be used to send a first measurement report after SCell activation. 
In RAN1#116, RAN1 made the following agreement:
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.

We note that both SSB and CSI-RS will be supported as a measurement quantity. This means that each the events discussed above is actually two events, based on SSB or CSI-RS:
[bookmark: _Toc166242063]Support event 1, 2, 7b and 3 for SSB and CSI-RS.
We note that it must be possible to configure the events in parallel. For example, if the NW activates multiple TCI states, configuring event 2 and 7b in parallel would be required: if only one event can be configured, the NW would have to resort to the legacy reporting to acquire the other type of information. Other examples are events based on SSB or CSI-RS, or events with different thresholds, or events on different CCs. Therefore, we propose
[bookmark: _Toc166242064]More than one event can be simultaneously configured. 
In the above agreement, there was an FFS on semi-persistent and aperiodic CSI-RS. To reduce overhead, it is relevant to support event-driven also for semi-persistent and aperiodic CSI-RS. Experience from field shows that measurement reports on subsequent aperiodic CSI-RS transmissions are often identical:
[bookmark: _Toc166242048]Experience from field shows that measurements on subsequent aperiodic CSI-RS transmissions often produce identical results. 
For example, if the UE is required to perform measurements on aperiodic CSI-RS at time T1 and T2, where T1 and T2 are close in time, e.g., separated by 80ms, the best beam has rarely changed, and the report would not be very useful. So instead of sending a beam report for every triggered aperiodic CSI-RS, UE may report only when certain conditions are met. Therefore, we propose
[bookmark: _Toc166242065]Support event-driven reporting also on semi-persistent and aperiodic CSI-RS. 
2.2	Requesting UL resources for transmission of the report
One central issue when designing a UE-initiated beam report is how the resources for the transmission of the UL report is provided to the UE. 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. 
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.

Fundamentally, the agreement describes two separate ways to transmit the UE-initiated beam report. We propose to clarify this:
[bookmark: _Ref165560504][bookmark: _Toc166242066]The UE sends a beam report according to either mode A or mode B according to NW configuration.
Proposal 14 implies that if the UE is configured to send a report using mode B, and that transmission fails, the report will not be retransmitted using mode A. Furthermore, the design choices for the two options are essentially independent: for example, the second UL channel can be PUSCH for mode A and PUCCH for mode B. 
The first FFS in the agreement is related to the nature of the first UL channel: should this be a single-bit signal, like SR, or a multi-bit PUCCH. Note that the NW would have to constantly monitor this channel for all UEs and doing that for a new type of multi-bit PUCCH is unattractive. Therefore, we propose 
[bookmark: _Toc166242067]The first UL channel for mode A is a single-bit PUCCH.
Moving on to the second UL channel for mode A, we realize that this report is very similar to an aperiodic CSI report, triggered by the CSI request field in DCI. Such a report can only be transmitted using PUSCH in legacy: aperiodic CSI reports over PUCCH has been discussed and dismissed several times:
[bookmark: _Toc166242049]RAN1 has discussed and dismissed aperiodic CSI over PUCCH several times.
Since the complications of aperiodic CSI on PUCCH remain, and the benefits of scheduling the UE-initiated beam report over PUCCH seem small, we propose
[bookmark: _Toc166242068]The beam report for mode A is transmitted over PUSCH only.
The same FFSs are present for mode B. Regarding the first UL channel, the issues related to multi-bit PUCCH observed for mode A remain for mode B, and the conclusion would be the same:
[bookmark: _Toc166242069]The first UL channel for mode B is a single-bit PUCCH.
In mode B, the beam report is transmitted on a pre-configured UL channel, i.e., a channel that occurs periodically. There are two options for such a channel: either periodic PUCCH or CG-PUSCH. In legacy, UCI cannot be transmitted over CG-PUSCH, and there seems to be no motivation to remove that restriction for UE-initiated reporting:
[bookmark: _Toc166242070]The beam report for mode B is transmitted over PUCCH only.
There was an additional FFS in the agreement related to the potential acknowledgement of the different UL transmissions. Although not mentioned, such an acknowledgement must be associated with some action – otherwise the acknowledgment is useless. For the four different UL transmissions, we make the following remarks.
For the first UL channel for mode A, the subsequent DCI format that indicates a resource to carry the beam report serves as an acknowledgement. The UE retransmits the first UL channel in the provided resource until it receives the trigger for the corresponding UL report, and once it receives the DCI that provides the UL resource for the subsequent report, the UE stops transmitting the first channel.
As previously remarked, the beam report in mode A is very similar to an aperiodic CSI report: the UE receives a trigger in the CSI request field and acts upon that. There is no acknowledgement of such a report, and it is also unclear what the UE behavior would be when it receives such an acknowledgement. 
For the first UL channel for mode B, there is no time to provide any acknowledgement before the transmission of the beam report: if there is time for such an acknowledgement, mode B would become mode A. In a sense, for mode B, the first and second channel form a package, like 2-step RACH. For mode B, it is thus more relevant to discuss an acknowledgement of the joint transmission of the first and second channel.
For mode B, the question is what happens when the UE has transmitted the first and second channel. We note that if the report has been lost due to a collision, there is no point in retransmitting the report: the collision will just happen again. Designing an elaborate backoff scheme to avoid collisions seems overengineered. Considering the pros and cons of the various options, it seems natural to not introduce any retransmissions for the beam report.
In summary, we propose 
[bookmark: _Toc166242071]The DCI format that indicates a resource for a second UL channel serves as an acknowledgement for the first UL channel.
[bookmark: _Toc166242072]The UE retransmits the first UL channel until it a DCI format that indicates a resource for a second UL.
There are no acknowledgements with related actions for the other channels.
2.3	Reporting
In RAN1#116, the following was agreed
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

The beam report will thus contain a DL RS resource indicator, e.g., SSBRI, CRI or a candidate RS ID, and a L1-RSRP. Since L1-SINR is supported for all other beam reporting schemes, it would be relevant to also support L1-SINR as a quality metric for UE-initiated beam reporting:
[bookmark: _Toc166242073]Support also L1-SINR as a quality metric for UE-initiated beam reporting.
The current beam report is a natural starting point for the discussion. There are two related issues with the legacy beam report:
The selection of beams to include in the report is up to UE implementation. With a standardized event, the most important information to include in the measurement report is which beam triggered the event. The content of the report cannot be left to UE implementation, the triggering beam must be included, and identified.
It is likely that the event will be based on post-processed measurements. This means that the legacy un-processed measurements do not convey the information about what triggered the event.     
We thus realize that the legacy beam reporting format will not necessarily make it possible to identify the RS that triggered the event. This would seem to be a critical property of the report content:
[bookmark: _Toc166242050]The NW must be able to identify the triggering reference signal at the reception of the 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.

This agreement describes on high level what the report would contain: the number of beams, and the relation to the triggering condition. 
When designing the UE-initiated beam reporting, the starting point must be that no other beam measurements are configured, and that the UE-initiated beam reports are the only beam measurements the NW receives:
[bookmark: _Toc166242051]The UE-initiated measurement reports are typically the only beam reports the NW receives.
If the UE-initiated measurement reports are not sufficient, and the NW would have to configure additional beam measurements, the resulting overhead reduction would be marginal.  
It is thus important that the measurement reports can contain enough beam measurements, and not only the beam that triggered the event:
[bookmark: _Toc166242074]The measurement report contains the beam that triggered the event and additional beam measurements.
Looking at the options in the agreement, we realize that only option-1a and option-3 provides the possibility to include additional beam measurements. The difference between option-1a and option-3 is that with option-1a, the UE may exclude beam measurements according to some criterion, e.g., beams that are below a certain RSRP threshold are included. Since the UE excludes measurements that are considered irrelevant, the average size of the report could be reduced. However, it is difficult to reap that benefit with UCI, since the NW must decode the UCI assuming a certain payload, and that payload must be large enough to carry the maximum payload, i.e., Nmax:
[bookmark: _Toc166242052]It is difficult to reap the benefits of a smaller report content with UCI, since the number of bits in the report must be known by the NW before.
Note that with MAC CE as a container, it would have been trivial to handle a varying report size in an efficient way.
Since there are no benefits with option-1a, we prefer to support option-3:
[bookmark: _Toc166242075]For the report content, support option-3: N ≥ 1 beam(s) are reported in the report instance and at least one of N reported beam(s) should satisfy the triggering condition.
The next FFS in the agreement discusses whether the measurement results for current beam is always reported or can be enabled by RRC. It makes sense to always include the current beam in every report: it is very useful information for the NW:
[bookmark: _Toc166242076]The UE always includes a measurement of the current beam in the measurement report triggered by event-2.
When the current beam is included in the report, it is counted like any other beam.
2.4	Other
When defining UE-initiated reporting, there are a few additional topics that deserve attention. We discuss them here.
2.4.1	Reduce TCI state activation time
As previously stated, the main purpose of the UE-initiated beam reporting is to reduce the overhead. However, if the event is carefully designed, there is a possibility to also reduce the latency. As described already in [2], the main contributor to the TCI state update delay is the TCI state activation delay: when the UE receives a TCI state activation command, the UE waits until it receives the next SSB that is associated with the TCI state in the activation command. Only when the UE has received and processed the next occurrence of the SSB, the TCI state can be used by the NW to transmit DL signals. This corresponding requirement is described in section 8.10.3 in [3]. Since there is little correlation between a beam report and a subsequent TCI state update, this behaviour may be reasonable with NW-initiated beam reporting. 
However, the situation is different for UE-initiated beam reports: the UE-initiated reporting should be designed and configured so that most beam reports do lead to an updated TCI state. Since it is likely that the NW will update the TCI state in response to the UE-initiated beam report, it would be reasonable that the UE remembers the QCL properties of the SSB that is associated with the reference signals in the report. This would eliminate the need for the UE to wait for another SSB before activating the TCI state.
[bookmark: _Ref158024872][bookmark: _Toc47708506][bookmark: _Toc166242077]After sending a UE-initiated beam report, the UE would store the QCL properties of the SSB associated with the reference signals in the measurement report. 
When the UE receives a MAC CE activation command in slot n to indicate a target TCI state which is not in the active TCI list, and if the UE has stored the QCL properties of the RS in the target TCI state or has stored the QCL properties of the QCL source of the RS in the target TCI state,  the UE shall be able to receive PDCCH/PDSCH with the target TCI state at the first slot that is after slot . 
A reference signal for which the UE has stored the QCL properties can be considered to be UE-activated: it associated timeline for a subsequent MAC CE indication would be the same as for an activated TCI state. 
The next level of detail is how to convey the information on which reference signals in the report are UE-activated. We see three options:
The UE indicates the activation status using a one-bit indicator for the reported RS in the beam report
The RS reported in the beam report is considered as UE-activated if one higher layer parameter is provided in the reporting configuration for the beam report
A RS satisfying the condition of an event to trigger the UEI/ED beam report is considered as UE-activated.
2.4.3 Co-existence with event-driven reporting for LTM 
Event-driven reporting will be specified in the mobility WI in Rel-19 [5]. The WID contains the following objective
· Measurements related enhancements for purpose of supporting LTM: [RAN2, RAN1]
· Measurement related enhancements are applicable to Intra-CU MCG/SCG LTM and Inter-CU MCG/SCG LTM
· Specify necessary components to support event triggered L1 measurement reporting [RAN2, RAN1]
· RAN1 and RAN2 to progress independently on the event triggered measurements objectives of their respective MIMO and Mobility enhancement WIs. Review progress at RAN#105 to see if any modification of objectives is required to avoid/manage any overlap in the work
· Specify support for CSI-RS measurements for LTM procedures and enable CSI-RS based beam management, and/or other necessary physical layer operations on candidate cells before LTM [RAN1]

Hence, there will be two event-driven reporting mechanisms specified during Rel-19, and it should be possible to configure the UE with both mechanisms at the same time. For both designs, it is likely that the UE would notify the NW that an event has occurred, and the NW must be able to distinguish a mobility event from a MIMO event. It is important that RAN1 considers this requirement early in the design:
[bookmark: _Toc166242078]RAN1 should consider the co-existence between mobility events and MIMO events early in the design.
Without such early considerations, there is a risk that separation between mobility events and MIMO events will not be supported. 
Note that we do not propose to align the solutions – in fact, with different solutions, it is easier to achieve the desired separation.
Conclusion
In the previous sections we made the following observations: 
Observation 1	The measurements the UE uses to trigger the event must also be specified, i.e., not up to UE implementation.
Observation 2	The L3 filtering and the beam failure detection counter are two examples of filtering.
Observation 3	To support event based on semi-persistent CSI-RS, the RS of the current beam cannot be determined by the RS in the QCL-info in the indicated TCI state.
Observation 4	The report content would be different for Event-7a and Event-2.
Observation 5	Experience from field shows that measurements on subsequent aperiodic CSI-RS transmissions often produce identical results.
Observation 6	RAN1 has discussed and dismissed aperiodic CSI over PUCCH several times.
Observation 7	The NW must be able to identify the triggering reference signal at the reception of the report.
Observation 8	The UE-initiated measurement reports are typically the only beam reports the NW receives.
Observation 9	It is difficult to reap the benefits of a smaller report content with UCI, since the number of bits in the report must be known by the NW before.
Based on the discussion in the previous sections we propose the following:
Proposal 1	The event(s) for UE-initiated beam reporting are specified in the standard, i.e., the events are not up to UE implementation.
Proposal 2	The triggering of the UE-initiated beam reporting is captured in a RAN2 specification.
Proposal 3	Support NW-configurable filtering of the measurements that trigger event-driven beam reporting.
Proposal 4	For event-2, support at least option 3a: the RS(s) for new beam(s) are explicitly configured by RRC.
Proposal 5	For the RS of the current beam, support the following two solutions: a) The RS of the current beam is the RS in the QCL-info in the indicated TCI state b) The RS of the current beam is the RS that is the QCL source of the RS in the QCL-info in the indicated TCI state.
Proposal 6	Support also option-2c: The RS for current beam is explicitly configured by RRC or MAC-CE.
Proposal 7	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.
Proposal 8	For the RS of an activated TCI state, support the following two solutions: a) The RS of the current beam is the RS in the QCL-info in the activated TCI state b) The RS of the current beam is the RS that is the QCL source of the RS in the QCL-info in the activated TCI state.
Proposal 9	Support Event-1: the quality of the indicated TCI state becomes worse than a threshold.
Proposal 10	Support Event-3: the quality of a reference signal becomes better than a threshold.
Proposal 11	Support event 1, 2, 7b and 3 for SSB and CSI-RS.
Proposal 12	More than one event can be simultaneously configured.
Proposal 13	Support event-driven reporting also on semi-persistent and aperiodic CSI-RS.
Proposal 14	The UE sends a beam report according to either mode A or mode B according to NW configuration.
Proposal 15	The first UL channel for mode A is a single-bit PUCCH.
Proposal 16	The beam report for mode A is transmitted over PUSCH only.
Proposal 17	The first UL channel for mode B is a single-bit PUCCH.
Proposal 18	The beam report for mode B is transmitted over PUCCH only.
Proposal 19	The DCI format that indicates a resource for a second UL channel serves as an acknowledgement for the first UL channel.
Proposal 20	The UE retransmits the first UL channel until it a DCI format that indicates a resource for a second UL.
Proposal 21	Support also L1-SINR as a quality metric for UE-initiated beam reporting.
Proposal 22	The measurement report contains the beam that triggered the event and additional beam measurements.
Proposal 23	For the report content, support option-3: N ≥ 1 beam(s) are reported in the report instance and at least one of N reported beam(s) should satisfy the triggering condition.
Proposal 24	The UE always includes a measurement of the current beam in the measurement report triggered by event-2.
Proposal 25	After sending a UE-initiated beam report, the UE would store the QCL properties of the SSB associated with the reference signals in the measurement report.
Proposal 26	RAN1 should consider the co-existence between mobility events and MIMO events early in the design.
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