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1. [bookmark: _Toc159064896][bookmark: _Toc163131332]Introduction
The UE-initiated beam management (UEIBM) was agreed upon for the Rel. 19 MIMO WI in RP-234007 [1], and the agreed work item description was as follows:
	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 [2] following agreements were made: 
	Agreement (RAN1 #116 Athens)
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
Agreement (RAN1 #116 Athens)
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
Agreement (RAN1 #116 Athens)
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 (RAN1 #116 Athens)
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



[bookmark: _Hlk510705081]
This paper discusses the possible enhancements that would facilitate UE-initiate/event-driven beam management in the context of the unified TCI framework, i.e., for UL and DL beam management.
Such enhancements should result in reducing the overhead and/or latency of FR2 beam management. The preferred approach is leveraging the legacy CSI measurement and reporting configuration framework. The use case focuses on sTRP while including intra-cell and inter-cell beam management.
The discussion is structured in three parts. First, the context of reducing overhead and/or latency is described, considering the existing methodologies from previous releases. Second, the UL signaling contents are described and compared. Third, the UL signaling containers are discussed.
The paper closes with the conclusions on this objective and Nokia’s observations and proposals.
2. [bookmark: _Toc159064897][bookmark: _Toc163131333]Discussion
The NR system relies on explicit DL/UL beam pair selection by the gNB in RRC connected mode. The selection of the DL/UL transmit beam pair is performed by the gNB by providing the indicated TCI state (joint or separate). Nevertheless, in some scenarios, UE may have better knowledge about better DL and/or UL beam pair link than the current one selected by the gNB. 
[bookmark: _Toc163131334]Beam-report transmission by UE
	Agreement(RAN1 #116 Athens)
· 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.




As said in the work item description, the existing CSI framework should be the baseline. Thus, we would like to clarify in the beginning that the UE initiated/event driven beam reporting is built upon existing CSI measurement and reporting framework. Beam reporting in legacy CSI framework is provided using L1-RSRP measurement and reporting. It’s considered logical to build the UE initiated/event driven beam reporting upon existing L1-RSRP reporting.
[bookmark: _Toc163229457][bookmark: _Toc163238486]Leverage legacy CSI framework for UE initiated/event driven beam reporting.
[bookmark: _Toc163229458][bookmark: _Toc163238487]Build the UE initiated/event driven beam reporting measurements upon existing L1-RSRP measurements.
The UE can be configured with multiple report configurations, each of which would indicate CSI-RS resources to consider for channel/interference measurements, CSI quantities to report, UL resource(s) to use for the reporting, etc. In case of baseline beam reporting, the UE would indicate up to N ‘best’ beams as well as corresponding L1-RSRP measurements.
There are three types of CSI-RS, namely periodic, semi-persistent, aperiodic CSI-RS. For semi-persistent and aperiodic CSI-RS, the actual triggering of CSI-RS transmission is per CSI-RS resource-set via either MAC CE or DCI. And a resource set can be used as part of UE report configurations describing what to be measured and, correspondingly, which measurement reporting are to be done by the UE. 
The UE measurement reporting of CSI can be operated with periodic, semi-persistent, or aperiodic manner, which is so-called report types. However, there are certain limitations, based on which the UE periodic report can operate only based on the configured periodic CSI-RS resource-set, the UE semi-persistent report can operate based on both configured periodic and semi-persistent CSI-RS resource-set, and finally the UE aperiodic report can operate based on all periodic, semi-persistent, and aperiodic CSI-RS resource-set.
The current CSI reporting may be configured in a periodic/semi-persistent fashion with a high periodicity in order to get a full and accurate picture of the UE conditions and optimize e.g., beam switching. However, the cost of CSI reporting with a very high periodicity is the resources consumed by such reports, which translates into less data scheduling opportunities, hence unnecessarily reducing maximum achievable UE throughput. Furthermore, in FR2 operation, the amount of beam pairs to be detected, measured, reported is very high.
[bookmark: _Toc163229459][bookmark: _Toc163238488]The CSI framework is to be prioritized for UE-initiated event reporting. Other frameworks, e.g., the MAC framework, are to be down-prioritized.


[bookmark: _Toc163229460][bookmark: _Toc163238489]RAN1 to agree to use the same reporting format as L1-RSRP although the reported information may be different and specifically configured for the event.
[bookmark: _Toc163229461][bookmark: _Toc163238490]RAN1 to agree that the objective should be fulfilled with Layer-1 reporting framework.

Current CSI framework can be considered as a non-event based where all the measurement and reporting triggering is performed by the gNB. Current CSI framework defines e.g. rules for the multiplexing and prioritization of different CSI reports to be transmitted to network. Thus, it should be studied further how to incorporate event driven beam (CSI in general) reporting into current non-event based CSI reporting framework. 

[bookmark: _Toc163229462][bookmark: _Toc163238491]Incorporate event driven beam (CSI in general) reporting into current non-event based CSI reporting framework.

[bookmark: _Toc163131335]Resources for UE beam report
	Agreement (RAN1 #116 Athens)
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



Resource allocation for UE initiated/event driven beam reporting needs to be discussed as well. It would be logical that the UE could request uplink resources for the event driven beam reporting only when needed. Thus, resource allocation mechanism for event driven beam reporting needs to be discussed. 

During the RAN1#116, the beam report transmission was discussed and in particular option 2 and 3 below: 
· [bookmark: OLE_LINK26]Option-2 (dynamically scheduling UCI by gNB):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) to request a resource for a second UL channel to carry beam report
· FFS: Request format, e.g., SR or a new UCI type.
· Step 2: UE detects the DCI format to indicate a resource for a second UL channel to carry beam report. 
· Step 3: Beam report is transmitted in second UL channel.
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· Option-3 (UCI in pre-configured resource(s) for second UL channel):
· Step 1: UE transmits a first PUCCH (one-bit/multi-bit) notifying a second UL channel to carry beam report
· FFS: Notification format, e.g., SR or a new UCI type.
· Step 2: UE transmits the beam report in the second UL channel. 
· FFS: Details on the second UL channel, e.g., whether the second UL channel is PUCCH, PUSCH or both
· The notification in Step1 is in a separate reporting instance from the beam report in Step 2. 
[bookmark: _Toc163238492]We are supporting both options 2 or 3 with UCI solutions.

On the FFS for the Request/Notification format, it may be SR, CFRA, HARQ:
For instance, low overhead scheduling request (SR)-like resources associated to the event(s) could be used to request uplink resources for the reporting. 

[bookmark: _Toc163229463][bookmark: _Toc163238493] Associate SR to UL resources for UE-initiated reports within CSI.
In addition, we can also discuss how can UE use SR to indicate that UE has an indication on the preferred beam to send via CSI report.
[bookmark: _Toc163229464][bookmark: _Toc163238494] UE may utilize SR-like trigger to directly indicate that UE has information to send to network regarding the preferred beam in CSI report.
An alternative to SR triggers is CFRA resources. The existing framework is already configuring the UE with CFRA resources. The UE performs BFR via a Random Access (RA) procedure on CFRA dedicated resources. Such resources could also be re-used by UE to indicate a preferred TCI state.
[bookmark: _Toc163229465][bookmark: _Toc163238495] Study whether CFRA resources could be re-used by UE for preferred beam indication.
Another alternative from SR triggers is the reuse of HARQ feedbacks. Based on Rel-18 enhancements on extension of unified TCI framework, network can indicate 2 TCI states to UE for simultaneous operation. As such, there can be a HARQ feedback scheduled for each of the indicated TCI states which could be leveraged for the UE indication of (non-)preferred beam as well.
[bookmark: _Toc163229466][bookmark: _Toc163238496] Study whether multiple HARQ feedbacks for multiple indicated TCI states can be re-used by UE for indication of (non-)preferred beam.
On the FFS for the second UL channel:
[bookmark: _Toc163238497] We support both PUCCH and PUSCH for the second channel. FFS multiplexing with other channels for PUSCH. 

In order to ensure best system performance, the network controls how to best use the UE reports, i.e. the network controls the actions subsequent to the reporting from the UE on the information on preferred beams. Examples of subsequent actions from the network may include:
- TCI state switch (where the advantage may be e.g. shorter beam switching time), 
- improved scheduling flexibility
- enabling UE-initiated beam switching 
[bookmark: _Toc163229467][bookmark: _Toc163238498]Network controls the actions subsequent to UE-initiated reporting.

[bookmark: _Toc163131336]Trigger conditions and beam-reporting events 
	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

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



The trigger conditions for declaring a beam-reporting event may include the following 2 scenarios: 
1. Best beam has changed
2. Best pair of beams has changed

The Event-2: Quality of at least one new beam, such as L1-RSRP, becomes a threshold value better than the current beam includes the scenario where the best beam has changed although it does not discuss yet: 
· what are the implications on UL performance to trigger a report related to DL metric for best beam
· the scenario of beam pairs where the metric for best beam is not solely related to L1-RSRP but rather to L1-SINR, rank, etc.

[bookmark: _Toc163238499] Prioritize event-2 as a triggering event for UEIBM and study the scenarios justifying the other events. 
[bookmark: _Toc163229468][bookmark: _Toc163238500]Event-2 does not include yet conditions related to ensuring DL&UL performance of reported beams nor metrics applicable to pairs of beams. 
1. Details on Best beam has changed:
The network may configure a UE with a condition that needs to be monitored for beams (i.e. TCI-states or RSs) such that UE-initiated beam reporting is triggered if such condition is satisfied. This condition may consist in a change in the best TCI (that could be DL only, UL only, or both) e.g. based on RSRP (or other similar metrics) for certain TRPs.
[bookmark: _Toc163229469][bookmark: _Toc163238501] The network may configure a UE with UL/DL condition(s) that need to be monitored for beams (or sub-set of beams) such that UE-initiated beam reporting is triggered, if such conditions are satisfied.
Two use cases may need to be distinguished: 
a) separate TCI state configuration (i.e. UL & DL are scheduled on different beams) or 
b) joint TCI state configuration (i.e. UL & DL scheduled on same beam). 
In the separate TCI configuration case the DL beam may degrade though the UL beam remains unaffected (and vice versa) hence DL TCI state switch is independent from UL performance (and vice versa). However, in the joint TCI state configuration case, when the UL transmission is compromised, the joint DL/UL TCI state must be switched. It is clear that when UL and DL beams are identical, a UE-initiated report e.g. subsequently used for UL TCI state switch, would also switch the DL operation. Furthermore, joint or separate TCI state configuration is from RRC and cannot be changed based on a UE-initiated report. 
Therefore, performance may be severely affected on one of the links if TCI switch based on UE-initiated reports is optimizing one of the links only. Hence system performance may be degraded when also used in joint TCI configuration due to same beam for UL and DL. 
[bookmark: _Toc163229470][bookmark: _Toc163238502] Discuss the impact of UE-initiated BM reports on both joint and separate TCI configurations. 

2. Best pair of beams has changed:
Regarding the applicability to pairs of beams a change of best pair of beams may be a trigger condition for UEIBM. During beam measurements, UE may calculate the correlation of the measured beams, hence the maximum achievable rank for simultaneous reception/transmission, to detect the best beam pair. As such, if the current indicated beams for PDSCH and/or PUSCH are providing a smaller rank than another pair measured by the UE, then it may constitute an event and the new pair could be reported to network as a UE-initiated/event-triggered beam reporting.
[bookmark: _Toc163229472][bookmark: _Toc163238503] Discuss whether beam(s) yielding a higher achievable rank constitutes an event to trigger UE-initiated reports.

[bookmark: _Toc163131337]Evaluation results for various events
In the RAN1 #116 meeting, RAN1 agreed to the following trigger events. This section provides the evaluation results for the beam reporting scenarios. The first sub-section provides comparisons of the evaluation results for Event-1 to 4 in the agreement. We also provide additional results considering other aspects.
	Agreement (RAN1 #116 Athens)
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



2.4.1 Comparisons of different trigger events for beam reporting.
For simulations, we consider that the network transmits periodic RSs (SSBs) while UE performs “M” periodic measurements (L1-RSRP). UE triggers “R” measurement reports among M measurements as it detects the event trigger. Based on the R reports received at the network, gNB selected a new target TX beam in “S” instances as the best beam differs from the serving TX beam. If the target beam is better than the serving beam, gNB triggers a beam switch. Additionally, the evaluation is done for low-speed UEs (3 kmph) and high-speed UEs (120 kmph) by configuring different thresholds for Events 1 to 4 listed above.

Evaluation KPIs:
· The ratio R/M denotes the fraction of events triggered compared to the number of measurements that UE performed which can be seen as the measurement reporting overhead. 
· The ratio S/R denotes the fraction of measurement reports which contained a new target beam better than a serving beam, which trigger a beam switch. 
· System-level performance in terms of 5%ile, 50%ile, and 95%ile UE throughput. The legacy throughput are considered as 100% and provided relative comparison.
Detailed simulation assumptions are provided in the Appendix. 

[bookmark: _Toc163131338]2.4.1.1	Event-1: Quality of the current beam is worse than a certain threshold (r)
In this subsection, we evaluate the performance of Event-1 with r = (-50, -60, -70, -80, -90) dBm compared to periodic measurement reporting (Legacy). The same r is configured for all UEs within a simulation.
UE speed : 3 kmph
	Threshold (r)
	Legacy
	-50 dBm
	-60 dBm
	-70 dBm
	-80 dBm
	-90 dBm

	R/M (%)
	100
	79
	46
	15
	2
	0

	S/R (%)
	33
	39
	52
	73
	92
	99

	5%ile UE throughput (% compared to the baseline case)
	100
	98
	98
	103
	105
	98

	50%ile UE throughput (% compared to the baseline case)
	100
	101
	99
	102
	104
	102

	95%ile UE throughput (% compared to the baseline case)
	100
	99
	98
	99
	98
	97



UE speed : 120 kmph
	Threshold (r)
	Legacy
	-50 dBm
	-60 dBm
	-70 dBm
	-80 dBm
	-90 dBm

	R/M (%)
	100
	82
	50
	21
	6
	2

	S/R (%)
	36
	41
	53
	73
	92
	99

	5%ile UE throughput (% compared to the baseline case)
	100
	100
	97
	98
	95
	79

	50%ile UE throughput (% compared to the baseline case)
	100
	100
	99
	96
	88
	78

	95%ile UE throughput (% compared to the baseline case)
	100
	101
	99
	94
	87
	80



A higher number of events are triggered if is too high (e.g., -50 dBm) and mostly the measurement reports contain already known information at the gNB. Contrary, UE gets locked in the first selected beam and event triggering and beam re-selection are highly restricted if is too low (e.g., -90 dBm). Therefore, a UE-specific threshold could be considered for Event 1 based on the channel quality of the UE or UE position.
[bookmark: _Toc163238504]For event-1, performance highly depends on the careful parameter settings and the scenarios (UE speed, location, etc.) 

[bookmark: _Toc163131339]2.4.1.2	Event-2: Quality of at least one new beam, becomes a threshold value (q) better than the current beam.
In this subsection, we evaluate the performance of Event-2 with q = (3, 6) dB compared to the scenario where Event-2 is configured with q = 0 dBm. The same q is configured for all UEs within a simulation.
UE speed : 3 kmph
	Threshold (q)
	0 dB
	3 dB
	6 dB

	R/M (%)
	33
	20
	12

	S/R (%)
	100
	100
	100

	5%ile UE throughput (% compared to the baseline case)
	100
	104
	107

	50%ile UE throughput (% compared to the baseline case)
	100
	104
	105

	95%ile UE throughput (% compared to the baseline case)
	100
	98
	99



UE speed : 120 kmph
	Threshold (r)
	0 dB
	3 dB
	6 dB

	R/M (%)
	36
	23
	16

	S/R (%)
	100
	100
	100

	5%ile UE throughput (% compared to the baseline case)
	100
	104
	106

	50%ile UE throughput (% compared to the baseline case)
	100
	102
	101

	95%ile UE throughput (% compared to the baseline case)
	100
	102
	103



The measurement reporting overhead reduces as q increases. However, if a new target beam emerges, there will be longer delays in the feedback to the network. This may be unfavorable for UEs with higher speeds. Therefore, a UE-specific threshold could be considered for Event-2 based on different UE speeds/ channel conditions.
[bookmark: _Toc163238505]Event-2 provides relatively better performance, i.e. better candidate for performance and overhead reduction for UEIBM.
[bookmark: _Toc163131340]2.4.1.3 Event-3: Quality of a new beam is better than a certain threshold (r).
In this subsection, we evaluate the performance of Event-3 with r = (-50, -60, -70, -80, -90) dBm compared to periodic measurement reporting (Legacy). The same r is configured for all UEs within a simulation.
UE speed : 3 kmph
	Threshold (r)
	Legacy
	-50 dBm
	-60 dBm
	-70 dBm
	-80 dBm
	-90 dBm

	R/M (%)
	100
	22
	59
	91
	99
	100

	S/R (%)
	33
	20
	28
	32
	33
	33

	5%ile UE throughput (% compared to the baseline case)
	100
	-
	112
	102
	97
	100

	50%ile UE throughput (% compared to the baseline case)
	100
	-
	101
	100
	100
	99

	95%ile UE throughput (% compared to the baseline case)
	100
	99
	99
	99
	99
	99



UE speed : 120 kmph
	Threshold (r)
	Legacy
	-50 dBm
	-60 dBm
	-70 dBm
	-80 dBm
	-90 dBm

	R/M (%)
	100
	20
	57
	88
	98
	99

	S/R (%)
	36
	28
	32
	35
	36
	36

	5%ile UE throughput (% compared to the baseline case)
	100
	-
	101
	102
	100
	99

	50%ile UE throughput (% compared to the baseline case)
	100
	97
	100
	100
	99
	99

	95%ile UE throughput (% compared to the baseline case)
	100
	97
	103
	102
	102
	101



All UEs other than UEs with very strong channel conditions get locked in the first selected beam if r is too high (e.g., -50 dBm). Like Event-1, a UE-specific threshold could be considered for Event-3 based on the channel quality of the UE or UE position.  
[bookmark: _Toc163238506]For event-3, performance highly depends on the careful parameter settings and the scenarios (UE speed, location, etc.) 

[bookmark: _Toc163131341]2.4.1.4 Event-4: Quality of the current beam is worse than a threshold 1 (r1), and quality of at least one new beam is better than a threshold 2 (r2).
In this subsection, we evaluate the performance of Event-4 with threshold-pairs (r1, r2) = {(-63, -60), (-66, -60), (-83, -80), (-86, -80)} dBm by considering the Event-4 with (r1, r2) = (-63, -60) dBm as the baseline. The same (r1, r2) threshold pair is configured for all UEs within a simulation.
UE speed : 3 kmph
	Thresholds (r1, r2)
	(-63, -60) dBm
	(-66, -60) dBm
	(-83, -80) dBm
	(-86, -80) dBm

	R/M (%)
	5
	3
	2
	1

	S/R (%)
	100
	100
	100
	100

	5%ile UE throughput (% compared to the baseline case)
	100
	99
	94
	89

	50%ile UE throughput (% compared to the baseline case)
	100
	101
	101
	102

	95%ile UE throughput (% compared to the baseline case)
	100
	104
	99
	99



UE speed : 120 kmph
	Thresholds (r1, r2)
	(-63, -60) dBm
	(-66, -60) dBm
	(-83, -80) dBm
	(-86, -80) dBm

	R/M (%)
	7
	6
	4
	3

	S/R (%)
	100
	100
	100
	100

	5%ile UE throughput (% compared to the baseline case)
	100
	104
	90
	86

	50%ile UE throughput (% compared to the baseline case)
	100
	97
	85
	81

	95%ile UE throughput (% compared to the baseline case)
	100
	97
	85
	84


[bookmark: _Toc163131342]	
Similar to Event-2, by increasing the difference between the thresholds in Event-4, reporting overhead can be reduced further. However, Event-4 also has the same limitation as in Event-1 and 3; the event is effective only for a small set of UEs due to the impact of absolute thresholds. 
[bookmark: _Toc163238507]For event-4, performance highly depends on the careful parameter settings and the scenarios (UE speed, location, etc.). 

2.4.1.5 Comparison of different trigger events
In this subsection, we compare the performance of Events 1,2,3, and 4 for a selected threshold(s) based on the previous evaluation results.

[image: ]
[bookmark: _Ref163227939][bookmark: _Toc163229286]Figure 1: Comparison of reporting overhead (R/M) of different Events for UE speeds of 3 kmph and 120 kmph.
Even though Figure 1 shows higher reporting overhead for Event-1 and Event-3, the S/R ratio of those events is low. Therefore, most of the measurement reports triggered by Event-1 and Event-3 contain redundant information. Contrarily, Event-2 and Event-4 trigger measurement reports as a UE identify a better target beam compared to the serving beam.

[bookmark: _Toc163238508]Most of the measurement reports triggered by Event-1 and Event-3 contain redundant information. Contrarily, Event-2 and Event-4 trigger measurement reports as a UE identify a better target beam compared to the serving beam.     

Next, we evaluate the user throughput gain/loss of configured Events with respect to the throughput observed by UEs configured with Event-2 where q = 3 dB.
[image: ]
[bookmark: _Ref163228032][bookmark: _Toc163229287]Figure 2: Comparison of cell-edge user throughput (5-th percentile of UE throughput CDF) observed with different Events for UE speeds of 3 kmph and 120 kmph.  
According to Figure 2, Event-2 yields higher throughput while the worst performance is observed with Event-4 for cell-edge UEs with higher speeds. For low-speed UEs, Event-4 provides a better throughput. However, the usage of an absolute pair of thresholds limits the effectiveness of the Event-4 to a smaller set of UEs.  
[bookmark: _Toc163238509]Event-2 yields higher throughput while the worst performance is observed with Event-4 for cell-edge UEs with higher speeds. For low-speed UEs, Event-4 provides a better throughput.   
[image: ]
[bookmark: _Toc163229288]Figure 3: Comparison of cell-median user throughput (50-th percentile of UE throughput CDF) observed with different Events for UE speeds of 3 kmph and 120 kmph.  
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Description automatically generated with medium confidence]
[bookmark: _Toc163229289]Figure 4: Comparison of user throughput of strong UEs (95-th percentile of UE throughput CDF) observed with different Events for UE speeds of 3 kmph and 120 kmph.  

2.4.2 Other aspects for beam reporting.
2.4.2.1 The number of reporting beams (K)
In Rel-15, UE can be configured to be reported up to 4 best beams. Similarly, we can consider the number of reporting beams more than one, and new event can be defined with respect to the number of best beams.  
[bookmark: _Toc163131345]We define triggering Event-5, where the event is triggered if the serving beam is NOT within  best beams (Serving beam quality is less than -th strongest measured beam). This event is triggered if the serving beam becomes the K+1 strongest beam among the measured set of beams.
[image: A graph of a speed
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[bookmark: _Toc163229290]Figure 5: Comparison of reporting overhead (R/M) for varying K in Event-5 for UE speeds of 3 kmph and 120 kmph.




[bookmark: _Toc163229291]Figure 6: Comparison of user throughput for varying K in Event-5 for UE speeds of 3 kmph and 120kmph.
[bookmark: _Toc163238510]Support reporting K beam where K >1 for UEIBM reports.
[bookmark: _Toc163238511]Discuss an event where UE can report an additional beam better than K configured beams.
[bookmark: _Toc163131347]L1 measurement quantity
	Agreement (RAN1 #116 Athens)
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.




2.5.1 Averaging and filtering
[bookmark: _Toc163131346]2.5.1.1 Impact of measurement averaging for L1-RSRP calculation
In this study, we consider UEs configured with Event-2 and a threshold of 3 dB. UE averages the beam measurement over X measurement instances if the sliding window size is X (total averaging time = 20X ms as measurement periodicity is 20 ms). In Figure 7, different filtering options are considered for a UE by varying measurement averaging duration (or sliding window size): 
· Red curve/dots represent the L1-RSRP of the currently serving beam. 
· Blue curve/dots represent the L1-RSRP of a new target beam (best of all the beams excluding the serving) which is better than the serving beam. 
· If Event 2 triggers (the target beam is 3 dB better than the serving beam), the beam switch happens, and the blue dot turns to a red dot for the next measurement instance. 
In the simulations, the number of event triggers is equivalent to the number of beam switches. Thus, the measurement reporting and beam switching frequency are high with unfiltered RSRP values (Sliding window size = 1).
[image: A graph of a graph
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[bookmark: _Ref163228293][bookmark: _Toc163229294]Figure 7: Impact of sliding window size on L1-RSRP profiles and total number of triggered events. 
[image: A graph of different colored bars

Description automatically generated with medium confidence][image: A graph showing different colored bars

Description automatically generated with medium confidence]Besides the number of events shown in Figure 9, the impact on the final throughput of filtering is shown in Figure 10, where we plot the 5th and 50th percentile of the UE throughput, respectively, for different sliding window sizes and UE speed.
 
[bookmark: _Toc163229295] Figure 8: 5-th and 50-th percentiles of the UE throughput with different sliding window size and UE speed. 

According to these results, as expected the number of events decreases when the sliding window size increases, confirming that filtering may be helpful to decrease beam reporting overhead. On the other hand, throughput results show that the best sliding window size may vary depending on UE speed and UE location, i.e., how good the UE-gNB channel is:
· Cell-edge UEs with low speeds may use moderate sliding window size, for example 8.
· Cell-edge UEs with higher speeds may need to reduce the SW size to 4 to mitigate the effect of delayed response.
· Cell-median UEs with low speeds may use longer sliding window (SW) size for example 12, as the L1-RSRP degradation is nor severe compared to cell-edge UEs. 
· Cell-median UEs with higher speeds may use SW size such as 4.

[bookmark: _Toc163229474][bookmark: _Toc163238512]Discuss filtering parameter configurations for L1-RSRP for UEIBM measurement reporting.

2.5.1.2 Filtered L1-RSRP with L3-type filtering. 
In this subsection, we evaluate the effect of L3-type filtering compared to moving average based L1 filtering for Event 2. Figure 9 illustrates the RSRP profiles of serving beam for a selected UE with L1 filtering (sliding window size = 3) and L3-type filtering. Note that the L3-type filtering is performed with the same granularity as L1 filtering (once per 20 ms).    
[image: A graph with red and blue dots
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[bookmark: _Ref163228526][bookmark: _Toc163229296]Figure 9: RSRP profiles of serving beam with L1 filtering and L3-type filtering for a single UE.
Figure 9 shows the smoothness of L3-type filtering compared to L1 filtering. Additionally, delay in the feedback can be observed with L3-type filtering compared to L1 filtering. 
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[bookmark: _Ref163228561][bookmark: _Toc163229297]Figure 10: Comparison of reporting overhead (R/M) with varying q for UEs configured with L1 and L3-type filtering (UE speed = 3 kmph).
Figure 10 compares two filtering techniques by varying q from -12 dB to +12 dB with 3 dB differences. Results show that configuring negative q values triggers many unwanted beam reports. On the other hand, configuring higher q values restricts the event triggering. Importantly, L3-type filtering reduces the reporting overhead significantly compared to L1 filtering for higher q values.    
[image: A graph of different sizes and colors
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[bookmark: _Ref163228585][bookmark: _Toc163229298]Figure 11: 5-th and 50-th percentiles of the UE throughput with varying q for UEs configured with different filtering configurations and UE speed.
Figure 11 shows that the configuring negative values for q is unfavorable in terms of UE throughput for all UEs in the network. All high-speed UEs with higher q values configured for L3-type filtering show performance degradation due to delayed feedback of beam measurements. Results show that a fine-tuned L3-type filter could be used to reduce the measurement overhead with respect to L1 filtering.    
[bookmark: _Toc163229475][bookmark: _Toc163238513] Study the impact of ARMA type RSRP filtering for UEIBM.
[bookmark: _Toc163238514] Study how to update of filtering parameters based on UE condition e.g. UE speed. 
2.5.2 Advantages of supporting L1-SINR measurements
Group based beam reporting (GBBR) has been defined in Rel-15 for sTRP with L1-RSRP, in Rel-16 for sTRP with L1-SINR reports and in Rel-17 for mTRP with L1-RSRP reports. Rel-18 enhanced group-based beam reporting for UL beam pair selection as well.


[bookmark: _Toc163229292]Figure 12: sTRP GBBR for Rel 15 with L1-RSRP reporting and for Rel-16 with L1-SINR reporting
Due to spatial filtering, which takes place at both gNB and UE in FR2, selecting the right beam pair may require an exhaustive search as well as a potentially heavy reporting, e.g. via Group-Based Beam reporting. Current selection of pairs of beams for DL or UL in sTRP and in mTRP is based on reported power values (RSRP/SINR) and may require multiple attempts until finding the pair that maximizes the rank. Such mechanism may incur unnecessary latency and beam reporting overhead.
[bookmark: _Toc163229473][bookmark: _Toc163238515]GBBR is based on DL L1-RSRP/SINR reports, hence selecting the pair of TCI states maximizing the throughput (i.e. rank and MCS) may require multiple reports which in turn may increase latency, reference signals scheduling overhead and reporting overhead.
Indeed, the UE may consecutively measure and report L1-RSRP/SINR on multiple pairs of beams and according to the reported information, gNB may schedule simultaneously 2-port CSI-RS. Nevertheless, the channel may only provide rank2 instead of rank4 (as expected from the scheduling of two 2-port CSI-RS beams in FR2). Such report leads the network and the UE to continue searching beam pairs until the UE reports a high rank for the measured pair of beams. The network has to unnecessarily spend resources on scheduling reference signals as a consequence of UE only reporting beam pairs based on power metrics. 
Although two beams exhibit highest DL received power, they may be in LOS and only provide a low rank e.g. rank 2. However, this information is only indicated to network after rank reporting. In a subsequent attempt UE may report CSI#1 and CSI#2, where the reflection will provide sufficient diversity to achieve higher ranks.
[image: A diagram of a building
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[bookmark: _Toc163229293]Figure 13: Example of pairs of CSI-RS where scheduling CSI#2+CSI#3 may only lead to rank2 while scheduling CSI#1+CSI#2 may lead to rank4 (e.g. due to the additional diversity from the reflection) thus better throughput.

[bookmark: _Toc163131348]Signaling content
	Agreement (RAN1 #116 Athens)
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 identification of the preferred beam reported by UE in UE-initiated/event-driven reporting may utilize:
· the DL RS index 
· TCI index
· CSI report (CRI, L1-RSRP, L1-SINR, etc. ) 

[bookmark: _Toc163229476][bookmark: _Toc163238516]Discuss whether the reported quantities should include TCI State Index, CSI-RS index, RSRP, rank, pair of TCI states, coresetPoolIndex, capability value set index, others.

While UE-initiated/event driven reports are intended to reduce the overhead compared to e.g. high periodicity CSI reporting, it is clear that not defining any conditions where the UE can trigger such report may also lead to unnecessary overhead. 
[bookmark: _Toc163229477][bookmark: _Toc163238517]Unrestricted UE-initiated/event-driven reports may also lead to unnecessary overhead.
[bookmark: _Toc163229478][bookmark: _Toc163238518]Network should have some means of restricting UE-initiated reports.
In order to better control the reporting periodicity, i.e. to ensure that the UL resources used for this report are useful to network’s actions, UE may be configured accordingly. For example, the UE may be configured to only trigger the UE-initiated/event-driven reports for specific TRP.  
[bookmark: _Toc163229479][bookmark: _Toc163238519] Network may configure UE to only trigger the UE-initiated reporting in certain conditions e.g. only for specific TRPs.

[bookmark: _Toc159064592][bookmark: _Toc159064955][bookmark: _Toc163131353]3.	Conclusions
Based on the discussion above we made the following observations and proposals:
Proposal 1:	Leverage legacy CSI framework for UE initiated/event driven beam reporting.
Proposal 2:	Build the UE initiated/event driven beam reporting measurements upon existing L1-RSRP measurements.
Proposal 3:	The CSI framework is to be prioritized for UE-initiated event reporting. Other frameworks, e.g., the MAC framework, are to be down-prioritized.
Proposal 4:	RAN1 to agree to use the same reporting format as L1-RSRP although the reported information may be different and specifically configured for the event.
Proposal 5:	RAN1 to agree that the objective should be fulfilled with Layer-1 reporting framework.
Proposal 6:	Incorporate event driven beam (CSI in general) reporting into current non-event based CSI reporting framework.
Proposal 7:	We are supporting both options 2 or 3 with UCI solutions.
Proposal 8:	Associate SR to UL resources for UE-initiated reports within CSI.
Proposal 9:	UE may utilize SR-like trigger to directly indicate that UE has information to send to network regarding the preferred beam in CSI report.
Proposal 10:	Study whether CFRA resources could be re-used by UE for preferred beam indication.
Proposal 11:	Study whether multiple HARQ feedbacks for multiple indicated TCI states can be re-used by UE for indication of (non-)preferred beam.
Proposal 12:	We support both PUCCH and PUSCH for the second channel. FFS multiplexing with other channels for PUSCH.
Proposal 13:	Network controls the actions subsequent to UE-initiated reporting.
Proposal 14:	Prioritize event-2 as a triggering event for UEIBM and study the scenarios justifying the other events.
Observation 1:	Event-2 does not include yet conditions related to ensuring DL&UL performance of reported beams nor metrics applicable to pairs of beams.
Proposal 15:	The network may configure a UE with UL/DL condition(s) that need to be monitored for beams (or sub-set of beams) such that UE-initiated beam reporting is triggered, if such conditions are satisfied.
Proposal 16:	Discuss the impact of UE-initiated BM reports on both joint and separate TCI configurations.
Proposal 17:	Discuss whether beam(s) yielding a higher achievable rank constitutes an event to trigger UE-initiated reports.
Observation 2:	For event-1, performance highly depends on the careful parameter settings and the scenarios (UE speed, location, etc.)
Observation 3:	Event-2 provides relatively better performance, i.e. better candidate for performance and overhead reduction for UEIBM.
Observation 4:	For event-3, performance highly depends on the careful parameter settings and the scenarios (UE speed, location, etc.)
Observation 5:	For event-4, performance highly depends on the careful parameter settings and the scenarios (UE speed, location, etc.).
Observation 6:	Most of the measurement reports triggered by Event-1 and Event-3 contain redundant information. Contrarily, Event-2 and Event-4 trigger measurement reports as a UE identify a better target beam compared to the serving beam.
Observation 7:	Event-2 yields higher throughput while the worst performance is observed with Event-4 for cell-edge UEs with higher speeds. For low-speed UEs, Event-4 provides a better throughput.
Proposal 18:	Support reporting K beam where K >1 for UEIBM reports.
Proposal 19:	Discuss an event where UE can report an additional beam better than K configured beams.
Proposal 20:	Discuss filtering parameter configurations for L1-RSRP for UEIBM measurement reporting.
Proposal 21:	Study the impact of ARMA type RSRP filtering for UEIBM.
Proposal 22:	Study how to update of filtering parameters based on UE condition e.g. UE speed.
Observation 8:	GBBR is based on DL L1-RSRP/SINR reports, hence selecting the pair of TCI states maximizing the throughput (i.e. rank and MCS) may require multiple reports which in turn may increase latency, reference signals scheduling overhead and reporting overhead.
Proposal 23:	Discuss whether the reported quantities should include TCI State Index, CSI-RS index, RSRP, rank, pair of TCI states, coresetPoolIndex, capability value set index, others.
Observation 9:	Unrestricted UE-initiated/event-driven reports may also lead to unnecessary overhead.
Proposal 24:	Network should have some means of restricting UE-initiated reports.
Proposal 25:	Network may configure UE to only trigger the UE-initiated reporting in certain conditions e.g. only for specific TRPs.


[bookmark: _Toc163131354]Appendix: Simulation Assumptions

Table x provides the set of simulation parameters used for system-level simulations.
	Parameter
	Value

	Frequency Rnage
	FR2 @ 28 GHz, SCS: 120kHz, BW: 100 MHz

	Scenario
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier (7 sites, 3 sectors/cells per cell)

	BS antenna configuration
	64 beams: (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1)

	UE antenna configuration

	4 beams per panel, Two back-to-back panels with (M, N, P, Mg, Ng) = (1, 4, 2, 1, 1); 

	BS transmission power

	46 dBm

	BS receiver noise figure

	7 dB


	UE transmission power

	23 dBm

	UE receiver noise figure
	10 dBm

	UE Max Tx power
	23 dBm

	SSB measurement periodicity
	20 ms

	Beam alignment delay
	3 ms

	L1-RSRP sliding window size
	3 (averaged over 60 ms)

	Downlink traffic generator
	FullBuffer

	Duplexing mode
	TDD

	Simulation time
	5 s
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