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1 Introduction
During RAN#102 meeting, a new Rel-19 WID on NR MIMO phase 5 was approved as in [1]. Then, the following objective is identified for UE-initiated beam management.
	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 this contribution, we discuss the basic features of UE-initiated beam reporting and then elaborate potential methods targeting for reducing overhead and latency of the beam report.
2 Motivation of UE-initiated beam management
According to the WID above, the enhancements of UE-initiated/event-driven beam management aims at the following two objectives:
· Beam report overhead reduction;
· Beam report latency reduction facilitating fast beam switching.
Due to legacy CSI measurement and reporting configuration frameworks are expected to be leveraged as much as possible, the basic features of UE-initiated beam management are analyzed as in the following based on the legacy aperiodic, semi-persistent and periodic CSI reporting.
· Beam report overhead 
In legacy, UE may periodically transmit the P-CSI or SP-CSI reports and then the minimum report periodicity configured for a CSI report is 4 slots. Based on our companion contribution [2], beam dwelling time even in the high way (120 km/h) in FR2 can be larger than 170 ms, which means that, for a given UE, the best DL Tx beam might not be changed during such time duration. In other words, from the perspective of report overhead reduction, the report periodicity should be close to the beam dwelling time to prevent from redundant reporting. 
However, it should be noticed that the beam dwelling time varies with UE speed, distance between gNB and UE, and beam-width of the gNB beams, etc, and, once beam misalignment occurs, the system may experience a severe performance degradation. Hence, in order to guarantee robustness and prevent from transmission outage, gNB has to enable high-frequent beam report for handling sudden change of channel quality (as in a typical case, the periodicity of beam report may be ~10 ms). 
On the other hand, given that UE has better and more-timely knowledge of beam quality changes, UE-initiated beam reporting can reduce the report overhead obviously by transmitting on-demand beam report, e.g., just report if the beam quality changing occurs, rather than transmitting beam reports on all candidate report occasions, which is depicted in Figure 1. 


(a) legacy periodical beam report 


(b) event triggered beam report
Figure 1 Report overhead for periodical beam report and event triggered beam report
Hence, the definition of triggering event(s) is essential for UE-initiated beam reporting, and then the reasonable definition can significantly reduce the beam report overhead while not missing any essential report(s).
Observation 1: UE-initiated beam reporting with reasonable triggering event to reduce the beam report overhead compared with legacy P/SP CSI reporting due to UE timely knowledge of channel quality change.
· [bookmark: _GoBack]Beam report latency
As mentioned before, P and SP CSI reports are transmitted in a configured report period. A higher time-domain density for beam report occasion is expected to be configured and to reduce the latency of the UE-initiated beam report. For instance, the report period can be even less than 4 slots.
Proposal 1: For UE-initiated beam report, support to configure a shorter report period (e.g., less than 4 slots) to reduce beam report latency.
For UE-initiated beam report, UE might not use the pre-configured uplink resource for transmitting beam report when the triggering event does not occur. If the uplink resource is specifically configured to a UE, the efficiency of the reserved uplink resource(s) can be quite low. Hence, in order to reduce traffic load of reserved uplink resource(s) at NW side and improve system throughput, the uplink resource to contain the UE-initiated beam report should be shared with multiple UEs while considering the report probability may be quite low as mentioned before.
In such way, in a worse case, multiple UEs may report the respective beam report(s) simultaneously, i.e., report collision, and then we may need to further study the retransmission mechanism of beam report once the corresponding beam reports are detected unsuccessfully.
Observation 2: Uplink resource shared by multiple UEs for the UE-initiated beam report can improve the efficiency of reserved uplink resource(s) (considering that the report frequency may be low due to long-term beam dwelling duration), although having failed detection for report.     
Since in each reporting occasion, an uplink resource should be either configured or scheduled to contain the beam report, report latency is closely related to the uplink resource containing the beam report, hence the beam report latency for different beam report container is further analyzed in sub-section 3.1.
3 Contents and container for UE-initiated beam report 
3.1 Container for UE-initiated beam report
Besides for beam report, the BFR procedure can indicate to gNB the beam quality as well. However, one difference is that beam report explicitly indicates the quantified value of beam quality (i.e., L1-RSRP value), but BFR MAC CE implicitly indicates the candidate beam or RS which corresponds with the RSRP value above the threshold. Another difference is that UCI is Layer-1 signalling but MAC CE is Layer-2 signalling. Hence, the potential alternatives on the UE-initiated beam report contained in MAC CE or in UCI are given as follows.
· As shown in Figure 2, upon the triggering event occurs, transmitting UCI bits for the beam report on the pre-configured uplink resources has the least procedure steps, compared with transmitting UCI bits for the beam report on the PUSCH scheduled by DCI and transmitting beam report MAC CE when the uplink resource is unavailable. Meanwhile, it also has the lowest report latency as analyzed in the following.

(a)							              (b)				 			       (c)
Figure 2 UE-initiated beam reporting procedure for different report containers, (a) MAC-CE; (b) UCI on scheduled uplink resources; (c) UCI on pre-configured uplink resources
· Alt 1: UE-initiated beam report is contained in MAC-CE
· The UL-SCH transport block for a MAC-CE can be transmitted on an available PUSCH resource which is not configured or scheduled for the MAC-CE specifically. Only when PUSCH resource is not available for the MAC-CE, UE requests an uplink resource by transmitting an SR.
· Accordingly, if a UE-initiated beam report is contained in MAC-CE and there is an available uplink resource for the triggered beam report, UE can transmit the UEIBR (UE-initiated beam report) directly (STEP-3). 
· If a UE-initiated beam report is contained in a MAC-CE and there is no available uplink resource for the triggered beam report, UE has to transmit an SR to request an uplink resource (STEP-3’), receive an uplink grant scheduling or activating an uplink resource (STEP-4) and transmit the UEIBR on the uplink resource (STEP-5). In such case, the time interval between the event triggering and beam report can be relatively larger, which goes against the principle of beam report latency reduction.
· For instance, in a typical configuration of TDD system, the SR periodicity is 5 to 10 milliseconds, and gNB PUSCH scheduling latency after receiving SR is around 3 ms, hence the time interval may be larger than 10 ms.
· In legacy, each SR configuration corresponds to one or more logical channels, or to SCell beam failure recovery, or to beam failure recovery of a BFD-RS set, etc. Therefore, for UE-initiated beam report, the dedicated SR configuration is needed for uplink resource request for the beam report MAC CE as well.
Observation 3: If MAC-CE is used as container for UE-initiated beam reporting, UE has to transmit an SR to request an uplink resource when there is no available uplink resource for carrying the MAC CE, which may lead to a large time interval between the event triggering and the beam reporting.
· Alt 2: UE-initiated beam report is contained in UCI
· Different from MAC CE transmission, the uplink resource should be specific to the UCI. It can be pre-configured by RRC signalling (e.g., PUCCH for SR or P/SP CSI on PUCCH) or indicated by DCI (e.g., PRI for HARQ-ACK, or AP/SP CSI on PUSCH). Consequently, the following two alternatives can be considered.
· Alt 2-1: UL resource carrying the beam report is dynamically scheduled by DCI
· For network, it is impossible to schedule an uplink resource for the UE-initiated beam report in advance if not receiving any request message (e.g., Beam Report reQuest, BRQ).
· Therefore, upon an event triggers, UE should firstly transmit a BRQ to inform of the presence of the UE-initiated beam report (STEP-3), and then to detect a DCI related to the UEIBR UCI transmission (STEP-4). Once the UE successfully detects the DCI, the UE can transmit the UEIBR UCI on the scheduled PUSCH(s) finally (STEP-5). The procedure above is quite similar as AP-CSI report triggering or SP-CSI report activation.
· Due to the BRQ transmitted prior to the beam report, we might only need to indicate the presence of the beam report later than itself. Therefore, one bit is enough for the indication, and SR-like UCI can be configured as the BRQ resources.
· It should be noted that Alt 2-1 faces with the same issue as MAC CE transmission that a large report latency cannot be avoided when the uplink resource carrying the beam report is dynamically scheduled by DCI. 
Observation 4: DCI scheduling uplink resource for the UE-initiated beam report might could not meet the objective of report latency reduction.
· Alt 2-2: UL resource carrying the beam report is pre-configured by RRC signaling
· In Alt 2-2, upon triggering of a beam report, UE can transmit a BRQ to inform the network that a beam report will be initiated by the UE (STEP-3). And then UE transmits the UEIBR in the pre-configured uplink resource without waiting the dynamic uplink resource scheduling from network (STEP-4), and the report latency can be reduced obviously.
· Considerations on the type of pre-configured uplink resource for UE-initiated beam report are provided as follows. 
· On PUCCH
· For periodic and semi-persistent CSI reporting, PUCCH resources for the report can be configured per CSI report, hence PUCCH to carry the beam report is a straightforward alternative.
· For a given CSI report, the bit size of the CSI report is fixed, which means that the network can reserve or configure the PUCCH resource per CSI report according to the report configuration. 
· But, the bit size of the beam report information on PUCCH resource and whether to transmit the beam report or not depend on whether the beam report is triggered or not, or depend on the number of reported reference signals in the beam report when it is variable, which brings additional complexity of uplink resource allocation to the network. 
· On CG-PUSCH
· As mentioned in section 2, uplink resource to carry the UEIBR should be shared by multiple UEs for the sake of resource saving. Since configuration of a CG-PUSCH is shared to multiple UEs as well, where a UE does not transmit the CG-PUSCH when no UL-SCH is to be transmitted, hence CG-PUSCH can be configured to carry the UEIBR. Accordingly, it might need to specify that UE does not transmit the CG-PUSCH when no UL-SCH and no UEIBR is to be transmitted. In addition, rate matching in case of beam report UCI multiplexing with UL-SCH should be further discussed.   
· On a dedicated/pre-configured PUSCH
· For MsgA transmission, UE transmits a PRACH and a corresponding PUSCH, where association between the PRACH transmission occasion and the PUSCH transmission occasion are configured in the RACH configuration. The PRACH transmission indicates the presence of the PUSCH transmission and the PUSCH transmission carries the core contents, i.e., RRC setup request information associated with the UE. Due to the procedure above is quite similar as the UE-initiated beam reporting, a dedicated PUSCH configuration analogous to MsgA-PUSCH can be considered to carry the beam report as well.
Based on the analysis above, the pros and cons between these alternatives are concluded in Table 1, and we have the following proposal.
Table 1	Comparison between different alternatives in terms of container for UE-initiated beam reporting
	Alternative
	Alt 1
	Alt 2-1
	Alt 2-2

	Description
	SR + MAC CE
	BRQ + DCI triggered UCI
	[BRQ +] pre-configured UCI

	Container
	MAC CE on PUSCH
	UCI on scheduled PUSCH
	UCI on pre-configured PUCCH/PUSCH

	Uplink Resource Request
	Need
	Need
	Need or not

	Pros
	· Minor specification impact (analog to BFR)
· No need for dedicated UL resource
	· Middle specification impact (analog to AP-CSI report)
· No need for dedicated UL resource
	· Low report latency 
· Low resource overhead
· No need for dedicated SR

	Cons
	· Additional resource overhead for SR
· Relatively large report latency
	· Additional resource overhead for SR
· Relatively large report latency
	· Relatively large specification impact


Proposal 2: For UE-initiated beam report, consider the following alternatives to contain the beam report.
· Alt 1: the beam report is contained in MAC CE
· Alt 2: the beam report is contained in UCI
· Alt 2-1: UL resource carrying the beam report is dynamically scheduled by DCI
· Alt 2-2: UL resource carrying the beam report is pre-configured by RRC signaling
· FFS: Whether to configure SR or new signalling (e.g., Beam Report reQuest, BRQ) dedicated to UE-initiated beam report for Alt 1 and Alt 2-1 to request uplink resource for the beam report.
· FFS: Whether and how to reduce the report latency caused by uplink resource request for Alt 1 and Alt 2-1.
· FFS: Details of the pre-configured uplink resource for Alt 2-2.
3.2 Contents for UE-initiated Beam Reporting
Regarding the content for UE-initiated beam reporting, the legacy CSI reporting for beam reporting can be considered as a starting point (see the following excerpt in TS 38.212), which at least should include beam identity (e.g., CRI/SSBRI) and measured quality (e.g., L1-RSRP).
· TS 38.212
	6.3.1.1	UCI bit sequence generation
6.3.1.1.2	CSI only
<Irrelevant parts are omitted>
The bitwidth for CRI, SSBRI, RSRP, differential RSRP, and CapabilityIndex are provided in Table 6.3.1.1.2-6.
Table 6.3.1.1.2-6: CRI, SSBRI, RSRP, and CapabilityIndex
	Field
	Bitwidth

	CRI
	


	SSBRI
	


	RSRP
	7

	Differential RSRP
	4

	CapabilityIndex
	2




where  is the number of CSI-RS resources in the corresponding resource set, and  is the configured number of SS/PBCH blocks in the corresponding resource set for reporting 'ssb-Index-RSRP'.
<Irrelevant parts are omitted>


In order to avoid any redundant and meaningless reporting contents (which may negatively lead to an increase in reporting overhead and UE measurement complexity), it is sufficient to adopt the following information as the contents for UE-initiated beam reporting.
· The identity of the reported new beam, e.g., CRI or SSBRI.
· Beam quality offset between the current beam and the reported new beam, e.g., differential RSRP. 
· Notably, the beam quality of the reported new beam may be optional according to the definition of triggering event (similar to L3 Event A3) as elaborated in section 4.
· A fixed and limited number of reported new beams, e.g., 1 or 2. 
· Although variable number can be adopted for flexible beam reporting, the use case and motivation should be clarified first.
Proposal 3: For the contents of UE-initiated beam reporting, the legacy CSI reporting for beam reporting can be considered as a starting point. Consequently, the following information can be included:
· The identity of the reported new beam, e.g., CRI or SSBRI.
· Beam quality offset between the current beam and the reported new beam, e.g., differential RSRP.
· A fixed and limited number of reported new beams, e.g., 1 or 2. 
For periodical reference signals, e.g., periodic CSI-RS and SSB, UE obtains the measurement results of the RSs based on the CSI-RS periodicity and restores the results, then UE can transmit the corresponding beam report without a large latency when the measurement result satisfies the condition of the triggering event. Since the transmission occasions for AP and SP CSI-RSs are scheduled by network, the motivation of configuring SP or AP CSI-RS(s) for a UE-initiated beam report are unclear. Otherwise, it might require that network can realize the case of UE beam getting worse and enable the UE to perform UE-initiated beam report associated with the corresponding AP/SP CSI-RS(s).
Besides, UE-initiated beam reporting is beneficial to assist beam management in NW side, and the reported beams may be measured in advanced in UE side. Hence it is beneficial to support that the source RS of the subsequently applied TCI state(s) should be derived from CSI-RS/SSB that configured for beam measurement of UE-initiated beam reporting.
Proposal 4: For UE-initiated beam report, the reference signal configured for the beam report should be periodic CSI-RS or SSB.
Proposal 5: Support that source RS of the subsequent applied TCI state(s) should be derived from CSI-RS/ SSB that configured for beam measurement of UE-initiated beam reporting.
4 Triggering events 
Although the details of the triggering events for beam report might mainly depend on RAN2 design, RAN1 should consider and discuss the potential issues related to the triggering events. Consequently, Event A2 (Serving cell quality becomes worse than threshold), Event A3 (Neighboring cell quality becomes offset better than SpCell) and Event A5 (SpCell becomes worse than threshold1 and neighbour becomes better than threshold2) can be referenced for the definition of triggering events for UE-initiated beam report.  
Accordingly, some indispensable cases for triggering events should be identified by RAN1, e.g., the current beam gets worse, a beam other than the currently applied beam gets the best, or measurement result of a beam is above a threshold and measurement result of the current beam is lower than another threshold.  
Considering the intention of UE-initiated beam report is to assist beam management at NW side, e.g., to inform NW the best beam determined by UE, the triggering event that a beam other than the currently applied beam gets the best (analogous to Event A3) should be concentrated foremost.
In addition, since most of the triggering events are defined for cell switch in legacy, for the sake of robustness of the measurement report, each triggering event comprises an entering condition and a leaving condition, which enables the UE to report periodically after the entering condition is satisfied and before the leaving condition is satisfied.
In a nutshell, whether a single condition or entering/leaving conditions can be defined for UE-initiated beam report needs further discussion.  
Proposal 6: For UE-initiated beam report, RAN1 may need to further discuss the definition of the triggering event. 
5 Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions to support UE-initiated beam management with the following observations and proposals.
Observation 1: UE-initiated beam reporting with reasonable triggering event to reduce the beam report overhead compared with legacy P/SP CSI reporting due to UE timely knowledge of channel quality change.
Observation 2: Uplink resource shared by multiple UEs for the UE-initiated beam report can improve the efficiency of reserved uplink resource(s) (considering that the report frequency may be low due to long-term beam dwelling duration), although having failed detection for report.
Observation 3: If MAC-CE is used as container for UE-initiated beam reporting, UE has to transmit an SR to request an uplink resource when there is no available uplink resource for carrying the MAC CE, which may lead to a large time interval between the event triggering and the beam reporting.
Observation 4: DCI scheduling uplink resource for the UE-initiated beam report might could not meet the objective of report latency reduction.

Proposal 1: For UE-initiated beam report, support to configure a shorter report period (e.g., less than 4 slots) to reduce beam report latency.
Proposal 2: For UE-initiated beam report, consider the following alternatives to contain the beam report.
· Alt 1: the beam report is contained in MAC CE
· Alt 2: the beam report is contained in UCI
· Alt 2-1: UL resource carrying the beam report is dynamically scheduled by DCI
· Alt 2-2: UL resource carrying the beam report is pre-configured by RRC signaling
· FFS: Whether to configure SR or new signalling (e.g., Beam Report reQuest, BRQ) dedicated to UE-initiated beam report for Alt 1 and Alt 2-1 to request uplink resource for the beam report.
· FFS: Whether and how to reduce the report latency caused by uplink resource request for Alt 1 and Alt 2-1.
· FFS: Details of the pre-configured uplink resource for Alt 2-2.
Proposal 3: For the contents of UE-initiated beam reporting, the legacy CSI reporting for beam reporting can be considered as a starting point. Consequently, the following information can be included:
· The identity of the reported new beam, e.g., CRI or SSBRI.
· Beam quality offset between the current beam and the reported new beam, e.g., differential RSRP.
· A fixed and limited number of reported new beams, e.g., 1 or 2. 
Proposal 4: For UE-initiated beam report, the reference signal configured for the beam report should be periodic CSI-RS or SSB.
Proposal 5: Support that source RS of the subsequent applied TCI state(s) should be derived from CSI-RS/ SSB that configured for beam measurement of UE-initiated beam reporting.
Proposal 6: For UE-initiated beam report, RAN1 may need to further discuss the definition of the triggering event. 
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