3GPP TSG RAN WG1 #116-bis 	 	  	                 R1-2402632
Changsha, Hunan Province, China, April 15th – 19th, 2024
Agenda item:		9.2.1
Source:		LG Electronics
Title:			UE-initiated beam management
Document for:	Discussion and Decision
Introduction
In this contribution, we discuss enhancements for UE-initiated/event-driven beam management, described in the WID as follows [1].
	1. [bookmark: _Hlk145555364][bookmark: _Hlk146642115]Specify enhancement to facilitate UE-initiated/event-driven beam management for reducing overhead and/or latency, assuming the unified TCI while leveraging (as much as possible) legacy CSI measurement and reporting configuration frameworks, targeting FR2 and sTRP with intra- and inter-cell beam management
a. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
b. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting



Discussion
Definition of ‘event’
First of all, we need to define ‘when’ UE should initiate beam reporting. The ‘event’ could be defined based on beam quality(ies) of either or both ‘serving beam’ and ‘new beam’. For this, performance metric should be carefully defined. RLM and BFD use hypothetical BLER but it may not be appropriate for UE initiated BM due to its high computation and required L3 filtering. Simpler and lighter metric such as L1-RSRP could be considered for UE-initiated BM. In this regard, RAN1 made the following agreement in RAN1#116.
	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.



L1-RSRP based on one or few measurement(s) is likely vulnerable to measurement error, therefore, the UE may report when not actually necessary or report incorrect information. Thus, some middle point between hypothetical BLER and L1-RSRP may need to be considered, e.g. gathering more L1-RSRP samples, defining an offset value for the decision to report or reporting measurement accuracy related information together with the L1-RSRP. 
Proposal#1: For beam measurement quantity, consider reliability enhancement techniques to prevent unnecessary UL transmission and reporting of incorrect information to NW.

For the definition of events, the following agreement was made in RAN1#116.
	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


[bookmark: _GoBack]Event-1 and Event-4 are more relevant to BFD so we slightly prefer to support Event-2 or Event-3 as those event-based reports can provide new beam information to NW regardless of quality of the current serving beam. On the other hand, defining multiple events may also give benefit for NW to know the situation of UE better.
Another aspect to consider is that ‘beam report’ in NR has been evolved to cover multiple different usages, e.g. group/non-group based beam report in Rel-15, beam report for UL multi-panel Tx in Rel-16, beam report for mTRP DL in Rel-17, and beam report for STxMP in Rel-18. For each of those beam reporting mode, the definition of ‘event’ would be different.
Proposal#2: For beam events, consider supporting multiple events and different beam reporting modes supported in legacy, e.g. group/non-group based, DL and UL mTRP/panel.
During discussion in RAN1#116, there was some discussion on where to specify the ‘event(s)’. To our understanding, it is highly dependent on whether to use UCI or MAC-CE for the beam report. If UCI is used, the ‘event(s)’ can be specified in RAN1 as it is nothing relevant to RAN2 procedure, i.e. ‘event’ is understood as UCI triggering condition. 
Observation#1. If UCI is used for the beam report as in legacy, the ‘event(s)’ can be specified in RAN1 as it can be understood as ‘UCI triggering condition(s)’, thus no RAN2 impact is expected.

UL signaling procedure and container 
UL signaling procedure and UL container are related, so we discuss them together in this section. Both two-step and one-step reporting procedures are considered.
Two-step reporting 
In this approach, a first step is to report the occurrence of the event and a second step is to report L1-RSRP, which is similar to BFR procedures adopted from Rel-16. The first step in the two step reporting procedure may correspond to the signaling procedure for UE requesting UL resource(s) for the beam report or for UE notifying transmission of beam report in the agreement in RAN1#116 (captured below). 
	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


For the first step, three alternatives may be considered. 
· Alt1. dedicated PUCCH with small payload (e.g. SR PUCCH)
· Alt2. normal SR PUCCH
· Alt3. PRACH
Among these alts, Alt3 seems not a proper solution for UE-initiated BM since the scenario requiring UL re-synchronization in SpCell is covered by existing BFR procedure and this alt requires the highest UL overhead compared to the other two alts. 
For the second step, the following two alts can be considered. 
· Alt1. UCI
· Alt2. MAC-CE
In our view, if two-step approach is considered, MAC-CE for the second step should be deprioritized since it has no technical benefit in terms of latency/overhead compared to legacy BFR. In addition, Alt2 will have quite a big impact on RAN2 specification, not only for MAC-CE design but also for SR procedure design. It should be noted that normal MAC-CE cannot trigger SR in current TS38.321 except for a few exceptional cases such as SR triggered by BFR MAC-CE. Given that TU allocation for RAN2 is very small for this WI (only 0.5 TU for entire WI from June 24), it is undesirable to support MAC-CE option.
Observation#2. Normal MAC-CE cannot trigger SR in current TS38.321 except for a few exceptions such as SR triggered by BFR MAC-CE, thus supporting MAC-CE has quite a big impact on RAN2 specification. 
In this regard, Alt2 for the first step should also be deprioritized since normal SR can only be used for MAC-CE transmission over PUSCH in the second step.
Proposal#3: For the two-step reporting, deprioritize the following UL containers
· PRACH or normal SR PUCCH for the first step
· MAC-CE for the second step
Single step reporting 
Different reporting methods can be considered for this single step reporting as listed below. 
· Alt1. UCI over dedicated CSI PUCCH
· Alt2. UCI over dedicated PUSCH
· Alt3. UCI over P/SP CSI PUCCH/PUSCH configured for non-event-based CSI/beam report
In Alt1, a CSI PUCCH resource is dedicated for this event-based report like P/SP CSI report on PUCCH but UE decides whether or not to transmit CSI in each CSI transmission occasion. This alt can be considered as an extension of SR transmission mechanism to CSI since SR is also ‘event-based report’. 
In Alt2, NW may allocate PUSCH for UE to perform event-based report, based on existing CG PUSCH or SP CSI PUSCH allocation methods. The PUSCH is transmitted only when needed, analogous to existing URLLC UL transmission on CG PUSCH. Thus, this alt can be considered as an extension of CG PUSCH based transmission to CSI/beam. In this alt, misdetection of activation/deactivation DCI may create an issue due to the misaligned understanding between gNB and UE on the activation status of the PUSCH resource.
In Alt3, UE reports event-based beam information using PUSCH/PUCCH configured for non-event-based CSI/beam report. When the event is not occurred, UE performs non-event-based report as usual but UE reports event-based beam information on the PUSCH/PUCCH resource when the event occurred, e.g. via multiplexing or replacing. This alt does not require dedicated UL resource for the event based report but requires non-event-based report as a pre-requisite. Thus, Alt3 may be used together with Alt1 or Alt2.  
Comparing two-step report and single step report, single step procedure may be beneficial in terms of latency. However, it may require quite large UL overhead for NW side due to the dedicated PUCCH/PUSCH resource(s), especially Alt1 and Alt2. Note that, in the two-step procedures, gNB can allocate potential UL resource(s) for the second step to other UE(s) as long as there is no UL reception for the first step thus only the UL resource for the first step can be counted as UL overhead. Thus, if single step is considered, methods to limit the UCI payload should be considered together (e.g. only one beam report, coarse RSRP). 
Proposal#4: For the single step reporting, consider one or more of the following alternatives
· Alt1. UCI over dedicated CSI PUCCH
· Alt2. UCI over dedicated PUSCH
· Alt3. UCI over CSI PUSCH/PUSCH configured for non-event-based CSI/beam report
Observation#3: Two-step reporting has longer latency but may have less overhead compared to the single step reporting.
Details on UCI handling
If MAC-CE options are precluded and UCI based reporting is adopted as the second step of the two-step reporting or as the single step reporting, this UCI can be considered as a new type of CSI (e.g. UE initiated CSI) so various UCI handling issues need to be resolved. For example, CSI reporting priority of this CSI could be set higher than normal CSI/beam due to its event-driven nature. If multiple events can be configured to a UE, CSI priority may be set differently per event. UCI encoding needs to be decided. For example, two parts encoding may be considered due to varying payload according to the occurrence of the event, i.e. the occurrence of event can be the first part, and the other report information can be the second part. UCI multiplexing also needs to be considered especially when the event is not occurred, i.e. information to be occupied in the allocated UCI bits for the event-based beam report. CPU occupancy rule needs to be clarified because normal CSI occupies until the report is transmitted but the event-based report may not be transmitted unless the event occurs. CSI processing time (e.g. Z/Z’ values) needs also be clarified, e.g. CSI calculation may be completed before the second-step for the two-step reporting. Another issue is the robustness/reliability of UCI transmission. When UCI is not detected/decoded at gNB, gNB do not know the event occurrence. In this regard, improving UCI robustness/reliability may need to be considered, e.g. UCI repetition, UCI retransmission, power boosting, etc. 
Proposal#5: UCI/CSI handling details such as UCI encoding/multiplexing, CSI priority, CPU occupancy, CSI processing time, and UCI reliability need to be discussed if UE-initiated beam report is transmitted as UCI.

UL signaling contents
In RAN1#116, it was agreed to support DL RS resource indicator and L1-RSRP for the reported beam information as captured below:
	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 exact beam information may be dependent on UL container. If we use PUSCH, a relatively large number of beams and/or beam quality information with fine granularity may be reported, but some information reduction/compression would be required if we use PUCCH. 
In addition, UL signaling contents for the UE-initiated BM can include information about ‘the occurrence of event’ and/or ‘which event is occurred’. Depending on the reporting mechanism, this information may be delivered in an implicit manner, e.g. via whether to transmit dedicated PUCCH/PUCCH, or in an explicit manner, e.g. Alt3 of Proposal#4.
Besides above information, some other information may also be reported such as report/event ID for multiple event scenario. For the two-step procedures, reporting time/resource related information for the second step may need to be reported in the first step and event cancellation information may be reported in the second step for the case when the status of the event is updated between the first step and the second step. The UL signaling contents would likely be dependent on target beam reporting mode/usage, e.g. preferred PCI for ICBM, updates on beam group for mTRP, etc.
As discussed above, UL signaling contents depend on UL signaling procedure (e.g. one-step or two-step), UL signaling container(e.g. PUCCH, PUSCH), and target beam reporting mode/usage (e.g. intra-cell sTRP, ICBM, mTRP, etc.). 
Observation#4: UL signaling contents depend on UL signaling procedure (e.g. one-step or two-step), UL signaling container (e.g. PUCCH, PUSCH), and target beam reporting mode/usage (e.g. intra-cell sTRP, ICBM, mTRP, etc.).
Proposal#6: Discuss on UL signaling contents after deciding on event(s), UL signaling procedure/container, and target beam reporting mode/usage.

Conclusion
In this contribution, the following proposals and observations are provided.
Observation#1. If UCI is used for the beam report as in legacy, the ‘event(s)’ can be specified in RAN1 as it can be understood as ‘UCI triggering condition(s)’, thus no RAN2 impact is expected.
Observation#2. Normal MAC-CE cannot trigger SR in current TS38.321 except for a few exceptions such as SR triggered by BFR MAC-CE, thus supporting MAC-CE has quite a big impact on RAN2 specification. 
Observation#3: Two-step reporting has longer latency but may have less overhead compared to the single step reporting.
Observation#4: UL signaling contents depend on UL signaling procedure (e.g. one-step or two-step), UL signaling container (e.g. PUCCH, PUSCH), and target beam reporting mode/usage (e.g. intra-cell sTRP, ICBM, mTRP, etc.).
Proposal#1: For beam measurement quantity, consider reliability enhancement techniques to prevent unnecessary UL transmission and reporting of incorrect information to NW.
Proposal#2: For beam events, consider supporting multiple events and different beam reporting modes supported in legacy, e.g. group/non-group based, DL and UL mTRP/panel.
Proposal#3: For the two-step reporting, deprioritize the following UL containers
· PRACH or normal SR PUCCH for the first step
· MAC-CE for the second step
Proposal#4: For the single step reporting, consider one or more of the following alternatives
· Alt1. UCI over dedicated CSI PUCCH
· Alt2. UCI over dedicated PUSCH
· Alt3. UCI over CSI PUSCH/PUSCH configured for non-event-based CSI/beam report
Proposal#5: UCI/CSI handling details such as UCI encoding/multiplexing, CSI priority, CPU occupancy, CSI processing time, and UCI reliability need to be discussed if UE-initiated beam report is transmitted as UCI.
Proposal#6: Discuss on UL signaling contents after deciding on event(s), UL signaling procedure/container, and target beam reporting mode/usage.
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