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Introduction 
The RAN1 objectives for Rel-19 MIMO work item description [1] are listed as follows:
	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
0. UL signaling content(s) (and procedure(s) as required) for UE-initiated/event-driven beam reporting facilitating fast beam switching 
0. UL signaling medium/container considering the UE-initiated/event-driven nature of the UL transmission, designed primarily for the purpose of beam reporting

1. [bookmark: _Hlk146697700]Specify CSI support for up to 128 CSI-RS ports, targeting FR1
0. Type-I codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks
0. Type-II codebook refinement supporting up to a total of 128 CSI-RS ports across all resources, assuming legacy CSI-RS resources (with up to 32 CSI-RS ports per resource), based on extension of legacy codebooks, without modifying any codebook parameter other than introducing additional values for the number of ports codebook parameter(s)
0. Extension of CRI(s)-based CSI reporting (CQI/PMI/RI calculated per CRI for ≥1 CRIs) for hybrid beamforming supporting up to a total of 128 CSI-RS ports across all resources, with up to 32 CSI-RS ports per resource, without new codebook design

1. Specify UE reporting enhancement for CJT deployments under non-ideal synchronization and backhaul, targeting FR1, both FDD and TDD 
1. Inter-TRP time misalignment and frequency/phase offset measurement and reporting, assuming legacy CSI-RS design, with stand-alone aperiodic reporting on PUSCH
 
1. Specify non-coherent UL codebook to facilitate 3-antenna-port codebook-based transmissions, without enhancement on UL full power transmission and without enhancement on SRS resource
Note: UL full power transmission mode 1 and 2 are not supported.

1. Specify enhancement for asymmetric DL sTRP/UL mTRP deployment scenarios, assuming intra-band intra-DU non-co-located mTRP scenarios, without changing existing cell definition or defining a new cell (e.g. UL-only cell), assuming the Rel-17/18 unified TCI framework and fully reusing the legacy QCL/UL spatial relation rules, targeting FR1 and FR2 
3. Two closed-loop PC adjustment states for SRS, both separate from PUSCH; and pathloss offset configurations for pathloss calculation to UL TRP(s), when the pathloss RS is from DL sTRP. 


According to the above objectives for enhancement to facilitate UE-initiated/event-driven beam management, we will share our view for the following aspects in this contribution:   
· Beam switching latency analysis
· Triggering manner of beam reporting
· [bookmark: OLE_LINK97]UL medium/container and procedure for UE-initiated/event-driven beam reporting
· UL signalling content(s) and procedure(s) as required for UE-initiated/event-driven beam reporting facilitating fast beam switching

Discussion
[bookmark: OLE_LINK15][bookmark: OLE_LINK20]Beam switching latency analysis
[bookmark: OLE_LINK23][bookmark: OLE_LINK11][bookmark: OLE_LINK9][bookmark: OLE_LINK10]Rel-19 UE-initiated/event-driven beam management is introduced to facilitate fast beam switch with low beam switching latency and efficient resource overhead. In this section, we will show our analysis on the feasibility of UE-initiated beam management for reducing the beam switching latency and/or overhead. On top of unified TCI framework, a beam switching latency consists of the measurement delay, the reporting delay and beam application delay, as defined as follows: 
· [bookmark: OLE_LINK28]Measurement delay: the duration after a new beam appears and until the UE finds any new beam based on the DL measurements
· Reporting delay: the duration after the UE determines the new beam(s) based on the DL measurements and until the UE sends a beam report for the new beam(s)
· Beam application delay: the duration after a beam report for the new beam(s) is sent to NW and until the UE applies the new beam(s), which includes beam activation delay and/or beam indication delay (if more than one TCI state is activated)
[image: ]
[bookmark: OLE_LINK79][bookmark: OLE_LINK21]Figure 1. Illustration of the beam switching latency
[bookmark: OLE_LINK13][bookmark: OLE_LINK12][bookmark: OLE_LINK14][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK81][bookmark: OLE_LINK3]Generally, long measurement delay is because that next RS measurement occasion comes too late after a new beam appears. UE-initiated procedure could be beneficial for measurement delay reduction if a UE could be aware of when a better beam may appear before RS measurements in some scenarios (e.g., UE mobility, UE rotation), such that a UE could timely request/trigger the RS measurements for beam tracking/refinement. However, in most of the cases, it’s unlikely to be aware of the appearance of a new beam without RS measurement, which means UE-initiated procedure may be not helpful on measurement delay reduction. Instead, well NW scheduling/configuration for RS measurements is still a better way for shortening the measurement delay.
[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Observation 1: UE-initiated procedure to request/trigger beam measurement for beam tracking/refinement may be not helpful for measurement latency reduction, since a UE may be not able to know when a better beam appears, without RS measurements
[bookmark: OLE_LINK17]After RS measurements, the UE selects some preferred beams and provides the corresponding measurement results to NW by beam reporting if there is any opportunity for beam reporting. In legacy, beam reporting is always NW-configured/triggered to request periodic, semi-persistent or aperiodic reporting. Intensive NW-configured/triggered beam reporting could frequently update the beam(s) and corresponding quality(s) to be used as a serving beam(s), but it results in the high resource overhead, while infrequent NW-configured/triggered beam reporting could save the resource overhead, but it results in too-late reporting which may causes beam outage/failure. Considering the trade-off between delay and resource overhead, UE-initiated/event-driven beam reporting is a good solution to achieve low reporting delay without resource overhead, by keeping monitoring on the beam quality and immediately triggering beam reporting when it is necessary.
[bookmark: OLE_LINK18]Observation 2: UE-initiated/event-driven beam reporting is beneficial for reporting delay reduction without resource overhead, by keeping monitoring on the beam quality and immediately triggering beam reporting when it’s necessary
[bookmark: OLE_LINK73][bookmark: OLE_LINK77][bookmark: OLE_LINK74][bookmark: OLE_LINK75][bookmark: OLE_LINK87][bookmark: OLE_LINK82][bookmark: OLE_LINK76][bookmark: OLE_LINK78]With the updated beam information reported by the UE, NW could activate/deactivate some TCI states and/or indicate beam switch to a new TCI state. According to whether the new TCI state has been activated or not, a UE will take about 1ms for beam application if the new TCI state has been activated or up to 20ms for beam application if the new TCI state has not been activated. Therefore, we identify that latency from beam activation dominates the beam application delay. Referring to legacy requirement for TCI state activation defined in RAN4 specification (TS38.133), the UE is supposed to receive the first SSB corresponding to a target TCI state after NW activation command if the target TCI state is not in the active TCI state list, and the corresponding beam activation delay (BAD) is illustrated by Case A of Figure 2. However, for some advanced UEs, they could synchronize with the target TCI state before beam reporting, such that the target state is supposed to be applicable immediately after NW activation command takes effect without additional SSB reception, as illustrated by Case B of Figure 2. Unfortunately, based on current NR specification, NW doesn’t have any knowledge about which target TCI state(s) has been synchronized by the UE or not; hence, the latency for additional SSB reception cannot be avoided even the target TCI state(s) has been synchronized by the UE, which leads to unnecessary latency (could be up to 20ms due to SSB periodicity).
[image: ]
Figure 2. Illustration of the beam activation delay (BAD) of two cases for a TCI state has been synchronized during DL measurements before beam reporting
[bookmark: OLE_LINK34][bookmark: OLE_LINK84]Observation 3: In legacy beam activation procedure, for a target TCI state to be activated, the latency for the reception of the first SSB corresponding to the target TCI state after NW activation command cannot be omitted, even UE has synchronized with the target TCI state before beam reporting.
[bookmark: OLE_LINK2]To justify the impact of beam activation latency, the SLS evaluation is provided in Fig 3. In this evaluation, we assume RS measurement occasion will present every 20ms, such that the UE spend at most 20ms to wait for the next measurement occasion if needed. Compared to the case without up to 20ms beam activation delay as the baseline, the result shows that the latency from additional RS measurement for beam activation has the considerable impact on the throughput performance (up to 24% loss), and the performance degradation is more severe as UE has lower capability on the number of activated TCI states. 
[bookmark: OLE_LINK6]Observation 4: Long beam activation delay leads to the considerable impact on the throughput performance, and the performance degradation becomes more severe as UE has lower capability on the number of activated TCI states.
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[bookmark: OLE_LINK67]Figure 3. Normalized average UPT performance for different UE capability on maximum number of active TCI state(s) in DU scenario with 60km/hr UE moving speed
[bookmark: OLE_LINK25][bookmark: OLE_LINK24]In summary, according to above observations and the objectives of Rel-18 MIMO WID, we suggest that the enhancement specified for UE-initiated/event-driven beam management should focus on two directions: reporting delay reduction and beam application delay reduction. In the next two sections, we identify the potential issue(s) and discuss the potential solution(s) for the enhancements on reporting delay reduction and beam application delay reduction.
[bookmark: OLE_LINK31]Proposal 1: For Rel-19 UE-initiated/event-driven beam management, both reporting delay reduction and beam application delay reduction should be considered

[bookmark: OLE_LINK114][bookmark: OLE_LINK26]Triggering manner of beam reporting
[bookmark: OLE_LINK92][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK32][bookmark: OLE_LINK39][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK41][bookmark: OLE_LINK33][bookmark: OLE_LINK42]Regarding how to trigger the beam reporting, UE-initiated manner allows UE to define the triggering condition on its own, while event-driven manner requires UE to follow the pre-defined triggering condition. Typically, UE has better knowledge on beam quality variation according to measurement on multiple beams, and UE-initiated manner provides UE flexibility on deciding when to trigger and why to trigger the reporting; however, without the knowledge of UE self-defined triggering condition, it is difficult that NW properly preform beam management based on reporting content only (e.g., beam indices and corresponding measurement metrices), due to unclear motivation of triggering, while event-driven manner could avoid the misaligned understanding on the triggering motivation.
[bookmark: OLE_LINK46][bookmark: OLE_LINK43][bookmark: OLE_LINK45]Observation 5: UE-initiated beam reporting provides UE flexibility on defining the triggering condition, but NW is difficult to properly preform beam management as the response of beam reporting, if NW has no idea what the motivation of the beam report is.
[bookmark: OLE_LINK49][bookmark: OLE_LINK40]In legacy, we have event-driven reporting for RRC-based handover to evaluate cell-level measurement on serving cell(s) and non-serving cell(s). For instance, event A3 reporting is triggered when a non-serving cell becomes better than a SPCell by an offset, which implies a handover should be executed for the UE approaching the non-serving cell and moving away from the SPCell. Similarly, an event-driven beam reporting could be triggered when a non-serving beam becomes better than the serving beam by an offset, to notify the NW that a beam switch is needed. As for whether there is the other event(s) and corresponding use case(s), more discussion and justification are necessary.
[bookmark: OLE_LINK56][bookmark: OLE_LINK115][bookmark: OLE_LINK16]Proposal 2: Support at least event-driven triggering manner for beam reporting
· [bookmark: OLE_LINK19][bookmark: OLE_LINK104]An event-driven beam report will be triggered when the event condition(s) is satisfied 
· Study the event condition and the corresponding use case(s)

[bookmark: OLE_LINK116]UL medium/container and procedure for UE-initiated/event-driven beam reporting
[bookmark: OLE_LINK27][bookmark: OLE_LINK29]Considering UE-initiated/event-driven beam reporting, some potential issues are identified:
· [bookmark: OLE_LINK63][bookmark: OLE_LINK50][bookmark: OLE_LINK30]Issue 1: UL medium and container of UE-initiated/event-driven beam reporting
· [bookmark: OLE_LINK61]Issue 2: UL resource acquisition procedure for UE-initiated/event-driven beam reporting
[bookmark: OLE_LINK59][bookmark: OLE_LINK58][bookmark: OLE_LINK60][bookmark: OLE_LINK48][bookmark: OLE_LINK47]In our view, L1/L2-triggered mobility could achieve L1 measurement reporting by leveraging the RAN1’s design of UL medium/container and UL resource acquisition procedure for beam reporting. Hence, it will be better that the solution for Issue 2 and 3 could be in consideration of compatibility with L1/L2-triggered mobility.

[bookmark: OLE_LINK55][bookmark: OLE_LINK53][bookmark: OLE_LINK57][bookmark: OLE_LINK51]UL medium and container of UE-initiated/event-driven beam reporting
[bookmark: OLE_LINK52][bookmark: OLE_LINK54]In our view, there are two options for the medium and container of UE-initiated/event-driven beam reporting: reporting via UCI on PUSCH/PUCCH with symbol-level latency, or MAC-CE on PUSCH with at least 3ms latency. Considering that this feature is to facilitate fast beam switch by latency reduction, reporting via UCI on PUSCH/PUCCH is preferred. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK96]Proposal 3: For UL medium and container of UE-initiated/event-driven beam reporting, support to report via UCI on PUSCH/PUCCH

[bookmark: OLE_LINK103][bookmark: OLE_LINK69][bookmark: OLE_LINK62][bookmark: OLE_LINK70]UL resource acquisition procedure for UE-initiated/event-driven beam reporting
[bookmark: OLE_LINK68]To reduce the reporting latency, a UE needs to acquire the available uplink resource as soon as possible after a UE-initiated/event-driven beam report is triggered, and there are two possible solutions:
1. Pre-configured transmission occasion(s), e.g., PUCCH for SR, CG-PUSCH
2. [bookmark: OLE_LINK66]Dynamic UE-requested transmission occasion(s), e.g., PUSCH requested by SR
[bookmark: OLE_LINK113][bookmark: OLE_LINK71][bookmark: OLE_LINK98]As illustrated in Figure 4, NW could pre-configure transmission occasions with the same periodicity as the periodic DL reference signals, to timely provide the uplink resource after each measurement instance with minimum reporting latency. However, such intensive pre-configured transmission occasion would lead to high resource overhead as the consequence, especially if beam reporting is seldomly triggered. Compared with pre-configured transmission occasions, dynamic UE-requested transmission occasions could ensure no waste of uplink resource; however, it has longer latency due to waiting for NW scheduling. Considering the both reporting latency and resource overhead are the main goals of this objective, we prefer to use pre-configured transmission occasions with the overhead reduction design for UE-initiated/event-driven beam reporting.
[image: ]
Figure 4. Illustration of timeline for pre-configured Tx occasion and dynamic UE-requested Tx occasion
[bookmark: OLE_LINK100][bookmark: OLE_LINK101][bookmark: OLE_LINK102]Typically, the pre-configured transmission occasions could be dedicated or non-dedicated resources for beam reporting. If the pre-configured transmission occasions are configured as dedicated resources for beam reporting, then a UE could utilize an UL indication to inform NW that which transmission occasion(s) would not be used/reserved for beam reporting in advance. For an unused/non-reserved transmission occasion dedicated for beam reporting, NW could assume that the UE would not transmit anything on that occasion and flexibly reschedule it for other purpose. It should be noticed that overhead reduction design by resource reservation procedure is more applicable for pre-configured transmission occasions dedicated for beam reporting. Since NW cannot reschedule an unused/non-reserved transmission occasions not dedicated for beam reporting, it is still possible that UE may transmit something other than beam report on them. For example, a UE can attach the data but not include a beam report on a CG-PUSCH non-dedicated for beam reporting, such that this CG-PUSCH cannot be released/cancelled even the UE doesn’t use it for beam reporting. Hence, we prefer to introduce resource reservation procedure on pre-configured transmission occasions dedicated for beam reporting as the starting point, and further study possible overhead reduction design for pre-configured transmission occasions not dedicated for beam reporting.
[bookmark: OLE_LINK110][bookmark: OLE_LINK117][bookmark: OLE_LINK111][bookmark: OLE_LINK107][bookmark: OLE_LINK106]Proposal 4: For UE-initiated/event-driven beam reporting, at least support pre-configured transmission occasion(s)/resource(s) dedicated for beam reporting
· Pre-configured transmission occasion(s)/resource(s) dedicated for beam reporting could be CG-PUSCH or PUCCH
Proposal 5: For UE-initiated/event-driven beam reporting, support to reserve the pre-configured transmission occasion(s)/occasion(s) dedicated for beam reporting via an UL indication
· [bookmark: OLE_LINK105]Whether or not the pre-configured transmission occasion(s)/resource(s) dedicated for beam reporting is reserved by a UE is determined according to an UL indication before the pre-configured transmission occasion(s) dedicated for beam reporting
· A UE is expected to transmit a beam report in PUSCH/PUCCH on a reserved pre-configured transmission dedicated for beam reporting
· [bookmark: OLE_LINK108]A UE is not allowed to transmit PUSCH/PUCCH on a non-reserved pre-configured transmission dedicated for beam reporting
· FFS: design of UL indication

[bookmark: OLE_LINK118]UL signalling content(s) and procedure(s) as required for UE-initiated/event-driven beam reporting facilitating fast beam switching
[bookmark: OLE_LINK86][bookmark: OLE_LINK85]As mentioned in Section 2.1, if a target TCI state which has been already synchronized before beam reporting is to be activated, we observe that the additional SSB reception after NW activation command is unnecessary. The reason why the SSB reception after NW activation command is always needed in legacy procedure is because NW doesn’t have any knowledge about which TCI state has been synchronized. Hence, we think that UE reporting on synchronization state(s) for some beam(s)/TCI state(s) is beneficial for beam application delay reduction to save up to 20ms latency.
Observation 6: If UE could report which beam/TCI state has been synchronized in a beam report, that is beneficial for beam application delay reduction to let NW be aware of that those synchronized TCI state will be applicable immediately after NW activation command take effects without the additional SSB reception
[bookmark: OLE_LINK94][bookmark: OLE_LINK93][bookmark: OLE_LINK89][bookmark: OLE_LINK65][bookmark: OLE_LINK72][bookmark: OLE_LINK95]In a beam reporting instance, beside of beam/RS index and corresponding L1 measurement matrices, the UE could indicate the synchronization state (e.g., “synchronized” or “unsynchronized”) for the TCI state associated with the reported beam/RS. According to the reported synchronization state, NW could assume that there is a shorter beam activation latency without additional SSB reception for the TCI state whose associated beam/RS is indicated as “synchronized” in a beam report, as illustrated by Case B in Figure 2. For a TCI state whose associated beam/RS is indicated as “unsynchronized” in a beam report, a longer beam activation latency is assumed to have the additional SSB reception after NW activation command, as illustrated by Case A in Figure 2. Regarding the association between beam/RS(s) and TCI state(s), it can be provided by the NW via explicit or implicit ways. For example, NW explicitly associate one beam/RS and one TCI state via additional RRC configuration, or the UE implicitly determine the association from the source RS(s) of the TCI state.  
[bookmark: OLE_LINK119][bookmark: OLE_LINK22]Proposal 6: In a UE-initiated/event-driven beam reporting instance, support reporting of a synchronization state along with each reported pair of a RS index (e.g., SSBRI/CRI) and a value of L1 measurement quantity (e.g., L1-RSRP/L1-SINR).
· The synchronization state indicates “synchronized” or “unsynchronized” for a TCI state associated with the reported RS
· [bookmark: OLE_LINK80]If the reported RS is indicated as “synchronized”, the associated TCI state is applicable after the beam reporting instance
· If the reported RS is indicated as “unsynchronized”, the associated TCI state will be applicable after the UE receives the first SSB transmission after reporting
· FFS: How to determine the association between a measurement/reporting RS and a TCI state

Conclusion
Based on the discussion in the previous sections, we made the following proposals and observations:
Beam switching latency analysis
Observation 1: UE-initiated procedure to request/trigger beam measurement for beam tracking/refinement may be not helpful for measurement latency reduction, since a UE may be not able to know when a better beam appears, without RS measurements
Observation 2: UE-initiated/event-driven beam reporting is beneficial for reporting delay reduction without resource overhead, by keeping monitoring on the beam quality and immediately triggering beam reporting when it’s necessary
Observation 3: In legacy beam activation procedure, for a target TCI state to be activated, the latency for the reception of the first SSB corresponding to the target TCI state after NW activation command cannot be omitted, even UE has synchronized with the target TCI state before beam reporting.
Observation 4: Long beam activation delay leads to the considerable impact on the throughput performance, and the performance degradation becomes more severe as UE has lower capability on the number of activated TCI states.
Proposal 1: For Rel-19 UE-initiated/event-driven beam management, both reporting delay reduction and beam application delay reduction should be considered
Triggering manner of beam reporting
Observation 5: UE-initiated beam reporting provides UE flexibility on defining the triggering condition, but NW is difficult to properly preform beam management as the response of beam reporting, if NW has no idea what the motivation of the beam report is.
Proposal 2: Support at least event-driven triggering manner for beam reporting
· An event-driven beam report will be triggered when the event condition(s) is satisfied 
· Study the event condition and the corresponding use case(s)
UL medium/container and procedure for UE-initiated/event-driven beam reporting
Proposal 3: For UL medium and container of UE-initiated/event-driven beam reporting, support to report via UCI on PUSCH/PUCCH
Proposal 4: For UE-initiated/event-driven beam reporting, at least support pre-configured transmission occasion(s)/resource(s) dedicated for beam reporting
· Pre-configured transmission occasion(s)/resource(s) dedicated for beam reporting could be CG-PUSCH or PUCCH
Proposal 5: For UE-initiated/event-driven beam reporting, support to reserve the pre-configured transmission occasion(s)/occasion(s) dedicated for beam reporting via an UL indication
· Whether or not the pre-configured transmission occasion(s)/resource(s) dedicated for beam reporting is reserved by a UE is determined according to an UL indication before the pre-configured transmission occasion(s) dedicated for beam reporting
· A UE is expected to transmit a beam report in PUSCH/PUCCH on a reserved pre-configured transmission dedicated for beam reporting
· A UE is not allowed to transmit PUSCH/PUCCH on a non-reserved pre-configured transmission dedicated for beam reporting
· FFS: design of UL indication
UL signalling content(s) and procedure(s) as required for UE-initiated/event-driven beam reporting facilitating fast beam switching
Proposal 6: In a UE-initiated/event-driven beam reporting instance, support reporting of a synchronization state along with each reported pair of a RS index (e.g., SSBRI/CRI) and a value of L1 measurement quantity (e.g., L1-RSRP/L1-SINR).
· The synchronization state indicates “synchronized” or “unsynchronized” for a TCI state associated with the reported RS
· If the reported RS is indicated as “synchronized”, the associated TCI state is applicable after the beam reporting instance
· If the reported RS is indicated as “unsynchronized”, the associated TCI state will be applicable after the UE receives the first SSB transmission after reporting
· FFS: How to determine the association between a measurement/reporting RS and a TCI state

[bookmark: OLE_LINK120]Reference
1. “New WID: NR MIMO Phase 5”, 3GPP RAN#102, RP-234007, December 2023


Appendix: Simulation Assumption
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz,

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor

	UE speed
	60 km/hr 

	BS Antenna Configuration
	[bookmark: OLE_LINK127]128 beams: (M, N, P, Mg, Ng) = (8, 16, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ
256 beams: (M, N, P, Mg, Ng) = (16, 64, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

	UE antenna configuration
	Two back-to-back panels with (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0)λ.

	BS transmission power
	41dBm

	[bookmark: OLE_LINK129]BS receiver noise figure
	7dB

	UE receiver noise figure
	10dB

	SSB Periodicity
	20ms

	Periodic CSI-RS Periodicity
	20ms
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