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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, the above topics were first discussed, and 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. We will put some extra emphasis on the framework surrounding the reporting, i.e., the events. The WID does not explicitly state that events should be specified, but as we will describe, having an understanding the properties of the events is required to take the event-driven nature of the UL transmission into account.
[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	Requirements on UE-initiated reporting
Before diving into the details on how to specify UE-initiated reporting, it is beneficial to discuss the requirements of such reporting.  In our view, the following requirements apply to UE-initiated reporting:
Reliability.  All legacy CSI reporting is NW-initiated. This means that the NW can directly determine when a report was not correctly received (except for really small CSI reports, where there is no CRC). Also, the legacy reporting is designed so that one CSI report could be missed, since the next report would be transmitted rather soon. This had led to that beam reporting was designed without a possibility for retransmissions.
For UE-initiated reporting, the situation is different: the NW does not know that a report is coming, and it cannot determine if a report was missed. If a report is missed, the UE will fail to convey the information that the event has occurred. Clearly, this will lead to a performance impairment.
Flexibility. As described above, the L3 reporting can be configured in many ways, e.g., regarding event type, measurement quantity or measurement target. UE-initiated beam reporting would also benefit from some level of configurability. It is probably relevant to be able to define both absolute and relative events, and to define events with different measurement quantities. As the UE determines when a condition is fulfilled, it also makes sense that the UE determines the contents of the report. When multiple events have been configured, the reporting content may be different for different events. In contrast, the legacy beam reporting format is fixed. This format is not well-suited for the case with different events.
Low overhead. The main motivation for UE-initiated reporting is to reduce overhead, i.e., to avoid transmitting measurement reports that would not result in a beam switch: ideally, each transmitted report should result in a beam switch. This means there must be a mechanism to avoid transmitting reports based on measurement errors or fading dips/peaks.
Reporting speed. The report should be fast enough to give the NW time to update the TCI state of the UE. Here we should note that UE-initiated beam reporting can never be faster than periodic reporting. Also note that the overall speed of a UE-initiated beam reporting scheme is limited by the reference signal periodicity (it is not possible to detect a new best beam between SSB occasions) and the delay to request UL resources to transmit the beam report. 
2.1	Event
In RAN1#116, the following was agreed
Agreement
On UE-initiated/event-driven beam report, at least of following aspects should be included:
· Trigger-event detection for beam reporting by UE
· UE monitors RS to assess if a beam-reporting trigger condition has been met
· FFS: Trigger condition for declaring beam-reporting event
· Beam-report transmission by UE
· Signaling contents in the beam report
· Down-selection one or more options (strive for one) between the following options as signaling medium/container for beam report transmission
· MAC-CE
· UCI
· Others are not precluded.
On UE-initiated/event-driven beam report, the following aspects may be included:
· UE requesting UL resource(s) for the beam report
· UE notifying transmission of beam report
· gNB preconfigured resources
Other procedure(s) as required

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. There are two main reasons to specify the events:
The NW must be able to control the UL load. If the triggering is up to UE implementation, the NW cannot estimate how often the report will be triggered for different types of UEs. Also, there is no way for the NW to adjust the amount of triggering in case the reporting would be excessive.
An event is generally associated with a certain NW action. In other words, the NW would be designed to operate in a certain way when it receives an event, e.g., the NW would want to update the TCI states within a certain time period. If the event is not specified, it becomes difficult to design a suitable solution based on the reception of the report.
Based on this discussion, we propose
[bookmark: _Toc163120497]The event(s) for UE-initiated beam reporting are specified in the standard, i.e., the events are 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: _Toc163120498]The triggering of the UE-initiated beam reporting is captured in a RAN2 specification. 
Note that this does not mean that the reporting needs to be performed on L2 – MAC can trigger the transmission of a L1 report, just as MAC triggers the transmission of PRACH preamble.
With Proposal 2, it would be relevant that RAN2 is involved in the specification of the events. However, RAN1 must provide a high-level description of the events, since each event is associated with a certain use case. Based on this, we propose
[bookmark: _Toc163120499]Based on a set of use cases, RAN1 provides RAN2 with a high-level description of events.
In RAN1#116bis, the following was agreed
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

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:
[bookmark: _Toc163120500]RAN1 defines different events for reports to be used for TCI state indication and TCI state activation. 
A relevant event to support TCI state indication would be that the quality of the current, or serving, beam, i.e., the quality of a reference signal associated with the indicated TCI state becomes worse than the quality of another reference signal. In the agreement from RAN1#116, this would correspond to Event-2. We propose the following formulation:
[bookmark: _Toc163120501]Support Event-2a: the quality of at least one configured reference signal becomes offset better than the indicated TCI state. 
RAN1 needs to define the quality of a TCI state. It is natural that this is related to measurement on the reference signals in the TCI state. However, it is not clear if the quality should be determined by measurements on CSI-RS, even if the TCI state contains CSI-RS: it could also be relevant that the UE performs measurements on an associated SSB. Such measurements could be less complex for the UE to perform.
A relevant event to support TCI state activation would be that the quality of at least one TCI state that is not activated becomes offset better than an activated TCI state. This would also correspond to Event-2 in the agreement from RAN1#116bis, and we propose the following formulation: 
[bookmark: _Toc163120502]Support Event-2b: the quality of at least one configured reference signal becomes offset better than an activated TCI state. 
Note that report content related to Event-2a and Event-2b would be different: for Event-2a, it is likely that the UE would report the best reference signals from the configured set. But for Event-2b, the UE should report the best reference signals that correspond to TCI states that are not activated: for example, if the UE has activated 8 TCI states, it is likely that many of the four best reference signals corresponds to the already activated TCI states:
[bookmark: _Toc163120484]The report content would be different for Event-2a and Event-2b.
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: _Toc163120503]Support Event-1: the quality of the indicated TCI state becomes worse than a threshold. 
Event-2 corresponds to the L3 event A4 (Neighbour becomes better than threshold) and is used to configure an SCell. Since MIMO only operates on serving cells, the use case for event-2 is unclear.
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: _Toc163120504]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: _Toc163120505]Support event 1, 2a, 2b 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 2a and 2b 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. Therefore, we propose
[bookmark: _Toc163120506]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: _Toc163120485]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. Therefore, we propose
[bookmark: _Toc163120507]Support event-driven reporting also on semi-persistent and aperiodic CSI-RS. 
Fundamentally, event-driven reporting based on an activated semi-persistent CSI-RS would be rather similar to event-driven reporting based on periodic CSI-RS: the only difference is that the QCL source of the semi-persistent CSI-RS can be updated. Note however that event-2a or event-2b would not be applicable to aperiodic or semi-persistent CSI-RS, since only periodic CSI-RS can be used in a TCI state. 
In the agreement from RAN1#116, there is an FFS on whether/how to specify filtering operation for L1-RSRP. 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. But they are not eliminated. 
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.
Note that “filtering” is a wide term: it would be any postprocessing that operates on multiple measurement samples. The filtering used for L3 mobility is one type of filtering. The counter and timer used for beam failure detection is another example. With either of these operations, the event triggering relies on more than one measurement sample:
[bookmark: _Toc163120486]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: _Ref162972720]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: _Ref162275432]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: _Toc163120508]Support NW-configurable filtering of the measurements that trigger event-driven beam reporting. 
As already mentioned, there are already two filtering procedures defined in 3GPP specifications: L3 filtering and beam failure detection. Either option would work for event-driven beam reporting. The actual design could even be left to RAN2. However, it is important to note that filtering must be taken into account in the design of the report:
[bookmark: _Toc163120487]The introduction of filtering will impact the design of the report content.
A final aspect to consider in the event design is if the UE should report once, or if the reporting should continue as long as the condition is fulfilled, or something in-between. For L3 mobility, the event is triggered once, whereas for BFR, the event is triggered as long as the condition is fulfilled. For power headroom reporting, an intermediate solution is chosen: when the condition is fulfilled, the event is triggered, and at the same time, a timer is started. The UE evaluates the condition again when that timer expires. These solutions represent different trade-offs between reporting speed and overhead. 
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. This was discussed offline in RAN1#116, resulting in the following high-level options:
· 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.
· [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
· 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.
· 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
· Step 2: UE transmits the beam report in the second UL channel. 
· 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.
In our view, these four options are a mix of UL resource allocation and the report container. For example, in some cases the resource allocation scheme in option-2 may also be used with MAC CE, which is option-1. Mixing the issues complicates the discussion. Also we note that the options are not really complete, nor exclusive. The options should be clarified. Here we provide comments on the different options.
2.2.1	Option-1 (MAC CE):
This option very much relies on legacy mechanisms. The UL resource can be provided dynamically using either the legacy SR, or a dedicated request mechanism, similar to the special PUCCH resource used SCell BFR. Also using legacy mechanisms, the UL resource can be provided semi-statically, using configured grant PUSCH. Note that any new scheme developed to request UL resources for PUSCH (e.g., option-2 or option-3) can be used also for MAC CE.
Since option-1 relies on dynamic scheduling, the overhead is low. The latency of the reservation scheme will be the same as the resource reservation scheme for UL-SCH today. This is discussed in more detail in section 2.3.3.
The technical solution for option-1 is relatively clear since it relies on legacy mechanisms. There is thus little need to provide additional details.
2.2.2	Option-2 (dynamically scheduling UCI by gNB):
Also this scheme may partly rely on legacy mechanisms. The UL resources are provided dynamically using DCI, using a mechanism similar to the CSI request. In legacy, this mechanism is possible only for PUSCH. 
In option-2, a new indication channel must be designed, since the gNB must understand that an event has occurred. Not only that: the gNB must also be provided enough information to request the correct UCI from the UE. In legacy, the gNB always polls for a certain UCI, and in most cases, the format of the report must be fixed to facilitate decoding. If we want to support multiple types of report contents, the report type must be indicated by the indication channel. Here we note that option-4 sketches on another solution, where the report type would be conveyed in a first part of the UCI, similar to CSI part1 in legacy, while the actual content could be conveyed in a second part of the UCI, similar to CSI part 2 in legacy. However, the formulation in option-2 does not mention such a mechanism, so in our understanding, the format of the UCI must be provided by the indication channel. The indication channel could be retransmitted, until the UE receives a grant for the corresponding UCI. This mechanism provides robustness against missed indication channel receptions, but not necessarily against false detections of the indication channel. 
It is not clear to us how option-2 would be designed to use PUCCH in the second step. Today, an aperiodic CSI report can only be sent on PUSCH. Sending aperiodic CSI on PUCCH has been proposed several times during the NR specification, but it was never accepted. Taking this step at this point in the NR development does not seem motivated. 
Since option-2 relies on dynamic scheduling, the overhead is low. The latency of the reservation scheme will be the same as the resource reservation scheme for UL-SCH. This is discussed in more detail in section 2.3.3.
The technical solution for option-2 is relatively clear, assuming that the reporting is performed on PUSCH. The issue is mainly related to the design of the indication channel. RAN1 also need to decide if it should be possible to retransmit the report, or if there would be any acknowledgement. If it should be possible to perform the reporting also on PUCCH, there are many details that need to be clarified before proceeding. 
2.2.3	Option-3 (UCI in pre-configured resources for second UL channel):
The difference between option-2 and option-3 is that the indication channel is not a request for a resource: the resources are reserved and cannot be used for anything else. In case the resources for the second channel are dedicated to a certain UE for the purpose of sending a UE-initiated beam report, the overhead for the scheme would be the same as for a periodic beam report – there is thus no reduction in overhead. If the resources for the second channel are not dedicated to a certain UE for the purpose of sending a UE-initiated beam report, the overhead does not necessarily increase with the number of UEs, due to the introduction of contention in the second channel. Any contention must be resolved in a later stage. The indication channel would help to do that.
Note that if the indication channel is missed, the gNB will also miss the beam report – there is no point to retransmit the indication channel. A false detection of the indication channel may lead to a waste of resources, since the gNB may trigger a retransmission.
Note that the reservation scheme in option-3 can be used also if MAC CE is used to convey the report. 
There are some technical details to clarify in option-3. For example, how do we handle retransmissions? Would there be any acknowledgement of the report? How do we handle missed detection of the indication channel? How do we handle false detection of the indication channel? If it should be possible to carry the report on PUCCH, how do we handle the retransmissions? 
2.2.4	Option-4 (UCI in pre-configured resources not dedicated for UEI beam report):
Option-4 is a completely contention-based scheme. If there is a collision on the channel used for reporting, the report will be lost. There is no way for the gNB to even know that the report has been missed: the gNB just fails to decode and cannot distinguish between “no report” and “missed report”. And even if the gNB could determine that a report was transmitted and missed, there is no way for the NW to request a retransmission for a specific report from a specific UE. Note that this also requires that the gNB continuously blindly demodulates and decodes the UL channel(s) where the report may be transmitted.
In option-4, the main design effort is related to CSI part 1 and CSI part 2. It is also unclear if there are additional mechanisms proposed, e.g., retransmissions or acknowledgement. 
2.2.5	Discussion
As already mentioned, the options contain a mix of different solution components: the reservation request mechanism is blended with the report container. For example, the resource reservation scheme in option-3 and option-4 could be combined with MAC CE or UCI. 
To discuss this in a more structured way, the resource reservation scheme could be separated from the container discussion. However, this assumes that the channel in the second step is PUSCH – we are not sure if there is a requirement that to transmit the beam report using PUCCH. Therefore we propose
[bookmark: _Toc163120509]Separate the discussion on UL resource reservation scheme from the discussion on report format.
If RAN1 could agree that we support dynamic or static reservation, or both, we could progress the discussion. 
Another way to structure the discussion is if there is contention on the beam reporting channel. Solutions that rely on contention on the beam reporting channel require that a solution for contention resolution is designed.
In our view, dynamic resource reservation without contention should be the baseline solution. This solution is complete, it has low overhead, and does not rely on additional contention resolution mechanisms:
[bookmark: _Toc163120510]As baseline, the NW provides contention-free UL resources for the UE-initiated report dynamically.
Note that this does not exclude that we introduce additional UL resource reservation schemes. In our understanding, option-3 also relies on dynamically allocated UL resources to handle collisions.
The indication is a common element of option-2 and option-3. The information that would be carried is similar in these options – we need to inform the NW about the format of the upcoming beam report. In option-1 the indication can be optional, and the requirements are slightly different. In a sense, the indication is present also in option-4. 
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: _Toc163120511]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. Including a number or L1-RSRP or L1-SINR values in the report seems reasonable. Using differential encoding seems reasonable as well, although the difference in payload becomes small.
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, and we thus propose
[bookmark: _Toc163120512]The NW must be able to identify the triggering reference signal at the reception of the report. 
Apart from these aspects, the content of the report will depend on which event is triggered, which leads to the following conclusion:
[bookmark: _Toc163120513]RAN1 designs the content of a beam report for each event that is defined. 
This naturally means that it is premature to design the report content before the corresponding event is specified.
2.3.1	MAC
Since MAC CEs are sent inside a transport block, they are automatically protected by HARQ retransmissions. The requirement on reliability discussed in section 2.1 is then automatically fulfilled. We can then follow the paradigm from L3 mobility to only trigger once: the HARQ retransmissions ensure that the report reaches the network:
[bookmark: _Toc163120488]If the UE-initiated report is carried by MAC CE, a single triggering occasion is enough and the HARQ retransmissions ensure that the report reaches the NW.
It is straightforward to define different MAC CEs for different events. Either different MAC CEs are introduced for different events, or the information about which event was triggered is included as part of the MAC CE payload. Also, the MAC CEs can have varying lengths. Hence it is easy to fulfil the requirement on flexibility discussed in section 2.1:
[bookmark: _Toc163120489]MAC CE provides flexibility on the report content out of the box.
Since a MAC CE is self-contained (the headers indicate the content of the MAC CE), it can be sent in any available UL resource. For example, if the UE has an ongoing UL transmission, for which it is provided an UL grant for a new transmission, the UE can simply include a MAC CE in the PUSCH. Also, if the NW has provided the UE with a configured grant of sufficient size, the UE can directly transmit the MAC CE. The steps to perform beam reporting over MAC CE are depicted in Figure 3.
[image: ]
[bookmark: _Ref158973809]Figure 3: Reporting over MAC CE. In the left picture, the UE does not have any UL grant, and in the right figure, the UE has an UL grant.
The UE can (and will) transmit a MAC CE as soon as it has a grant for a new transmission that is large enough. Thus, any resource reservation scheme for PUSCH will work. This includes the legacy dynamic and configured grants, as well as any new reservation scheme, e.g., option-3 or option-4 in section 2.2:
[bookmark: _Toc163120490]Any resource reservation scheme for PUSCH will work for MAC CE, including option-3 and option-4.
In NR today, there are a few measurement reports that are transmitted using MAC CE: 
The BFR MAC CEs, and the enhanced BFR MAC CEs. These are used in conjunction with the SCell BFR and mTRP BFR and include information about candidate beams/RSs.
The enhanced power headroom reports MAC CEs. These are used to recommend beams to the NW that are not impacted by MPE.     
IAB-MT Recommended Beam Indication MAC CE. This MAC CE is used to enable simultaneous operation (transmission/reception) of IAB-MT and IAB-DU
It is interesting to note that all these reports are event-driven: their transmission is initiated when a condition is fulfilled. Of course, the buffer status reports, and the power headroom reports are also carried by MAC CE. Also note that in sidelink, CQI and RI are reported over MAC CE.
2.3.2	UCI
The steps to perform beam reporting over UCI are depicted in Figure 4. 
[image: ]
[bookmark: _Ref158975620]Figure 4: Reporting over UCI.
To inform the NW that which event has occurred, there is a need to introduce a special indication, for example a special SR or a special RACH resource. The legacy SR or legacy RACH cannot be used, since the NW does not know that an event was triggered and will not poll the UE for UCI: the NW will only send an UL grant. Hence, we observe
[bookmark: _Toc163120491]If UCI is used to carry the UE-initiated beam report, a special indication channel is needed, either a special SR or a special RACH resource.
UCI is sent outside the transport block. Thereby, it is not protected by HARQ: if UCI is missed, it is lost. As mentioned in section 2.1, it is important that a UE-initiated report reaches the NW. There are essentially two ways to achieve the desired reliability:
The retransmissions are polled explicitly by the NW. When the NW has received the indication, it knows an event has occurred. Based on this knowledge, the NW can (repeatedly) request the same beam report until it is successfully received. Note that this would require that the UE keeps the report also after it was transmitted. In fact, it is unclear when the UE would discard the report: keep in mind that there is no ACK of the UCI. The advantage with this method is that the air interface load is small.
The UE repeats the procedure as long as the event is fulfilled. This means transmission of the indication, and transmission of the report according to the polling from the network. When the event is no longer fulfilled, the UE would stop the procedure. This is a cleaner procedure: fundamentally the legacy UCI reporting procedure could be used, and the UE would not need to keep the report after transmitting it. To stop the procedure, the NW would, e.g., update the TCI state according to the report content. Once the NW has changed the TCI state, the event condition would no longer be fulfilled: the serving beam would be the best beam. On the other hand, this method may cause an excessive air interface load, and it would not be appropriate for all events: the NW may not (immediately) react to a received report.
Of these solutions, the first seems more attractive. The main issue is that it becomes complicated to define when the UE should discard a measurement report. 
The legacy UCI reporting has very little flexibility. The NW knows the format of the UCI that it receives in a certain UL resource, since the UE is mandated to follow the RRC configuration provided in the CSI report configuration. The only exception to this rule is the CSI part 1 and part 2 that are used for large UCI reports, where the content of CSI part 1 impacts the size of CSI part 2. To achieve the desired flexibility of the UE-initiated reporting, a new UCI design philosophy is needed: to allow for varying UCI size, the CSI part 1 and part 2 paradigm could be reused, and some fields in UCI could determine how the NW should interpret the content, for example by indicating which event was triggered.
2.3.3	Considerations of reporting speed 
As mentioned in section 2.1, one of the properties that would impact the decision on the reporting method is the reporting speed. In this section, we compare the reporting delays of MAC CE and UCI, and highlight differences and similarities.
To compare the reporting delays, we use the time when the event is triggered as a starting point, for the case when the UL resources are provided dynamically to the UE, i.e., option-1 and option-2 in section 2.2. The procedure is outlined in Figure 5. In this section, we assume that the resource for transmission is provided via a dynamic grant, after a transmission of an SR transmission. For the purpose of this discussion, we will use the term “SR” – it does not matter if it is the normal SR, or a special SR.
[image: ]
[bookmark: _Ref162266988]Figure 5: Timeline for reporting delay comparison. The time T1 is the time between event triggering and SR transmission, T2 is the time between SR transmission and UL grant/CSI request reception, T3 is the time between UL grant/CSI request reception and report transmission, and T4 is the time it takes for the gNB to decode and interpret the report.
The time between the event-trigger and the SR transmission (T1) is determined by the interval between SR occasions, and there is no difference between MAC CE and UCI. With an SR interval of 5ms, the average delay is then 2.5ms, which could be reduced if SR resource are allocated just after the SSB transmissions – note that an event will be triggered just after the reception of a DL reference signal. 
The time between the SR reception and the UL grant transmission is determined by gNB processing delay. This is realistically one slot, i.e., there will be a gap of one (DL) slot between the reception of the SR and the transmission of the grant. Again, this is the same for MAC CE and UCI:
When the event has been triggered in the UE, the UE could in principle directly start preparing the report. This is a likely implementation for MAC CE, since in this case, the UE will transmit the report using any UL grant it is provided – the NW cannot stop the transmission. For UCI, the UE would have to wait for an explicit grant to transmit the report, and there is no guarantee the NW would ask the UE to actually send the beam report. For UCI, early preparation of the beam report is unlikely: instead, it is reasonable to assume that the UE starts preparing the report when it receives the grant to transmit the report:
[bookmark: _Toc163120492]For MAC CE, the UE will start preparing the report when the event is triggered, but for UCI, the UE will most likely wait until the CSI request is received.
The time between the reception of the UL grant/CSI request (T3) is unknown, both for MAC CE and UCI. However, there are some indications:
The time between the UL grant and the transmission of a multiple-entry power headroom report is Tproc,2 ,i.e., the minimum PUSCH scheduling delay, described in section 6.4 in [4]. This is 13 symbols for SCS 30 kHz, and 37 symbols for SCS 120 kHz, for UE processing capability 1, and smaller for UE processing capability 2.
The time between the UL grant and the transmission of an aperiodic beam report is described in section 5.4 in [4]. This is 33 symbols for SCS 30kHz, and up to UE capability for SCS 120kHz – today UEs report 42 symbols. 
Comparing the legacy requirements, MAC CE reporting seems to be a little faster:
[bookmark: _Toc163120493]The time between UL grant/CSI request reception seems to be smaller for MAC CE than for UCI.
The final component in the reporting delay is the time it takes for the gNB to decode and interpret the report. As this is purely NW behaviour, the standard does not provide any details here. Here we can note that the UL-SCH decoding is a highly optimized procedure in the gNB to keep the RTT low. Decoding of an UL MAC CE will benefit from this optimized processing. We also note there are UL MAC Ces that are time critical. We already discussed the power headroom report, which is required to perform UL scheduling. In addition, the buffer status reporting (BSR) is also required to perform UL scheduling. For UCI, the decoding must also be fast, in particular to trigger retransmissions for the DL-SCH. Hence, we conclude
[bookmark: _Toc163120494]There are no indications that the time to interpret the beam report would be different for MAC CE and UCI.
Hence, for the various components, we conclude
T1: no difference: 0 – 5ms.
T2: no difference: 1 slot
T3: MAC CE clearly faster for FR1, MAC CE slightly faster for FR2
T4: no difference
In summary, we make the following observation:
[bookmark: _Toc163120495]For dynamic scheduling, the time between the event-trigger and the interpretation of the report is shorter for MAC CE than for UCI.
The above comparison was done for dynamic scheduling of UL resources, i.e., for option-1 and option-2 in section 2.2. We note that for pre-configured resources, i.e., for option-3 and option-4, the latency would be determined by the interval between the pre-configured resources. This is true irrespective if MAC CE or UCI is used to convey the message:
[bookmark: _Toc163120496]With pre-configured resources for the UL report, the time between the event-trigger and the interpretation of the report is mainly determined by the interval between the pre-configured resources, and it is the same for MAC CE than for UCI.
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: _Toc163120514]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.
2.4.2 Support for carrier aggregation
During RAN1#116, there were proposals to facilitate reporting over a different carrier than the carrier where the event was triggered, or where the measurements were performed. Such a scheme would be beneficial if the coverage of the different carriers is different. Such a report could potentially be useful also during SCell dormancy. On the other hand, some of the cross-carrier reporting schemes are quite complicated, in particular for the cases with different numerologies on the different carriers, which reduces the chance of this being implemented. Therefore, we propose
[bookmark: _Toc163120515]RAN1 to further consider UE-initiated beam reporting in a carrier aggregation scenario. 
We note that with MAC CE, cross-carrier reporting is inherently supported.
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: _Toc163120516]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 report content would be different for Event-2a and Event-2b.
Observation 2	Experience from field shows that measurements on subsequent aperiodic CSI-RS transmissions often produce identical results.
Observation 3	The L3 filtering and the beam failure detection counter are two examples of filtering.
Observation 4	The introduction of filtering will impact the design of the report content.
Observation 5	If the UE-initiated report is carried by MAC CE, a single triggering occasion is enough and the HARQ retransmissions ensure that the report reaches the NW.
Observation 6	MAC CE provides flexibility on the report content out of the box.
Observation 7	Any resource reservation scheme for PUSCH will work for MAC CE, including option-3 and option-4.
Observation 8	If UCI is used to carry the UE-initiated beam report, a special indication channel is needed, either a special SR or a special RACH resource.
Observation 9	For MAC CE, the UE will start preparing the report when the event is triggered, but for UCI, the UE will most likely wait until the CSI request is received.
Observation 10	The time between UL grant/CSI request reception seems to be smaller for MAC CE than for UCI.
Observation 11	There are no indications that the time to interpret the beam report would be different for MAC CE and UCI.
Observation 12	For dynamic scheduling, the time between the event-trigger and the interpretation of the report is shorter for MAC CE than for UCI.
Observation 13	With pre-configured resources for the UL report, the time between the event-trigger and the interpretation of the report is mainly determined by the interval between the pre-configured resources, and it is the same for MAC CE than for UCI.
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	Based on a set of use cases, RAN1 provides RAN2 with a high-level description of events.
Proposal 4	RAN1 defines different events for reports to be used for TCI state indication and TCI state activation.
Proposal 5	Support Event-2a: the quality of at least one configured reference signal becomes offset better than the indicated TCI state.
Proposal 6	Support Event-2b: the quality of at least one configured reference signal becomes offset better than an activated TCI state.
Proposal 7	Support Event-1: the quality of the indicated TCI state becomes worse than a threshold.
Proposal 8	Support Event-3: the quality of a reference signal becomes better than a threshold.
Proposal 9	Support event 1, 2a, 2b and 3 for SSB and CSI-RS.
Proposal 10	More than one event can be simultaneously configured.
Proposal 11	Support event-driven reporting also on semi-persistent and aperiodic CSI-RS.
Proposal 12	Support NW-configurable filtering of the measurements that trigger event-driven beam reporting.
Proposal 13	Separate the discussion on UL resource reservation scheme from the discussion on report format.
Proposal 14	As baseline, the NW provides contention-free UL resources for the UE-initiated report dynamically.
Proposal 15	Support also L1-SINR as a quality metric for UE-initiated beam reporting.
Proposal 16	The NW must be able to identify the triggering reference signal at the reception of the report.
Proposal 17	RAN1 designs the content of a beam report for each event that is defined.
Proposal 18	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 19	RAN1 to further consider UE-initiated beam reporting in a carrier aggregation scenario.
Proposal 20	RAN1 should consider the co-existence between mobility events and MIMO events early in the design.
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